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PREFACE

Ihe  11th  Annual Meeting on the U. S. Army Corps of Eng ineers Aquat ic  Plant  Control  Rc sea i ch

Program was held at the Turt le Inn ,  Atlantic Beach , Florida. on 19-22 October 1976. I h e  meetin g was

organiied h~’ personnel of the Aquatic Plant Research Branch ( A P R B ) .  Envi ronmenta l  System s

Division (ESE ) ) ,  Mobil i ty and Environmental  Systems 1.ahoratory ( M E S h . ) .  U. S. Ar m y Eng ine er
W a t e r w a y s  Experiment Station (WES).

[he organi zational acti vities were carried out and the pre sentations by WES per sonne l were

prepared under the genera l supervision of Messrs. W. 0. Shockley. Chief. MESI. .  and B. 0. Rcnn.

Chief . ESD . and under the direct supervision of Mr. J. L. DeceIl . Chief . APR B .  Mr . W . N.  R u s h i n g.

A P R B . chaired the meeting and was responsible for  assembling these proceedings.
This report was published with funds provided by the I) irectorate of Civi l  Works . Ott ice of th e

Chief of Eng ineers . U . S. Army. Appropriation No. 96X3 122 . (‘on struction (ienera l .
COL John L. Cannon , CE . was Commander and I)irector of the WES at the t ime of th i s  mee t ing

and during the preparation of the report. Mr. F. R . Brown was 1echnic al I)Irect or.
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AGENDA

11th A N N U A L  \1F:F . I I N G
U. S. A R M Y  (‘ORPS OF E N G I N E E R S

AQUATIC ’ PLANT (‘O N TRO I , RESEA R ( H PRO ( ;RAM

l urtle Inn
Atlantic Beach . Florida

1 9-22 October 1976

W . N . Rushing,  Chairman

Tuesday, 19 October

1000- Reg istration Turtle Inn Lobby
1800

Wednesday, 20 October

0830 Call to Order and Introduction of Host District W . N . Rush ing
Eng ineer

0835 Welcome COl. I) . A. Wisdom

0850 Administrative Announcements and General W . N . Rush ing
Remarks

0900 The Aquatic Plant Control Program Goals and H. R. H a m i l t o n
Objectives

0930 Overview of the U. S. Army Corps of Eng ineers J. I. . Dcccli
Aquatic Plant Control Research Program

0955 Status of EPA Regulations of Aquatic  Herbicides J. (i . C’ummin g s

10 15 Coffee Break

1035- Corps of Engineers Division and l) istrict
1200 Representatives Reports

Canal Zone Prob lems * I . l ( ’  F’. F. (‘ust er

Current Status of the Aquatic Plant Control ~V - I . Nai l on
Program in Texas

Status of Reconnaissance Survey Report and I - \ 1. Mason
Review of Aquatic Plant Problems in the State
of Oklahoma

East Texas Reservoirs A quatic Plant (‘ontro l  1 .  .1 . Mo~ er

Aquatic Plant Control Program in the St. P aul I ) . I - Wad le lg h
[)ist ri d

* \ t  Inc )u(te d herein
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Aquatic Plant Control Activi t ies  Ohio River (‘. W . ( re ’s~s
l) ivision

A q u a t i c  P l an t s  S o u t h  A t l a n t i c  l ) iv is ion  .1 . .1 . Ra vnes

1 200 l.unch

1335- Corps of Engineers Representatives Reports
1500 (Continued)

Aquatic Plant Control Program Mobile l) istrict  M. J. F u h a n k s

Aquatic Plant Problems - Lake Seminole U . S. A . K. Ghol son . Jr.
Army (‘orps of Eng ineers

Selective Maintenance Control Plan St. .lohns .1. C. Jo~cc
River , Florida

Resumé - Aquatic Plant Control Program 0. H. Johnson.  Jr.
Wilmington District

Aquatic Plant Control in the Savannah l) istrict K. Wi l l i ams

Aquatic Plant Control in the Charleston [)istrict * J. I .. Carother s

1500 Coffee Break

1520- Corps of Eng ineers Representatives Reports
1635 (Continued)

Control of Water Chestnut in New York State S. M. Hook

Status of the Aquatic Plant Control Program in J. D. Haluska
the Norfo lk  District , Norfolk . Virg inia

Automated Processing of APC Field Operations J. T. Mc(iehec
Data

1635 Summation of the Day’s Discussions B. 0. Bcnn

Thursday, 21 October

0830 Call to Order and Announcements W . N . Rush ing
0840 The Projected Impact of Waterhyacinth In- A. R.  Benton. Jr.

festation in Texas

0910 The Large-Scale Operations Management Test R. F . Theriot
(LSOMT) with the White Amur  at Lake
Conway. Orlando . Florida

0925- Reports of LSOMT Contractors (R.  F. Theriot .
10 15 Chairman)

Baseline Data Report - - I . ake  Conway Grass Carp V . ( iu i lb orv
Project

Aquatic Macroph yte Sampling in l.ake Conway 1.. F. NaI l
Biological Baseline Studies of the I. ake Conway . .1 . I. . l o ~Florida . System

• t r ic lude d herein illhiiug h Tli ’ I pre~enIed at Ihe meelin5! .
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1015 Cof fee  Break

1035— Reports of LSOMI Contractors ( ( o n t i n u c d
1135

Background Water Qual i ty-Anal ysis of l ake \ . I - Sas~ick i
(‘on wa V

Proposed Relat ionships Between W h i t e  A m u r  K C. Ewel
and the Aquatic I eos~ste m at I.ake ( onss .ay .
Florida

Culture 1 echni ques for  the I’roduct i on of I I hon u a s
Mono sex White  A m u r

1135 Reports of ( ‘hemical Research Contractors

Response of Hvdr i f l a  to Var ious  Herbicides I V ( iue r r a

1 200 I.unch

1 300 Field Tri p to Orange l.ake . Marjorie Rawf ing s
State Park

Friday, 22 October

0830 Call to Order and Announcements  W . \ . Rus hing

0835- Reports of Chemical Research Contractors
0950 (Cont inued )

Uptake  and Metabolism of Dimeth y l amine  Salt H . (‘. SIk ka *
of 2.4-D by Fish

Characterization and Evaluation of Polymers F . W . H a r r i s
Containing Herbicides as Pendent Side Chains

Development and Evaluation of Controlled G. A. .Iancs
Release Herbicides

Eff icacy  Eva lua t ion  of Controlled-Release .J . R. Barry
Herbicides

0950 Reports of Biolog ical Research Contractors

Biolog ical Control of Aquatic Plants wi th  N . K. Spencer
Insects **

l O I S  Coffee Break

1035 Reports of Biolog ica l Researc h Contractors
(Continued)

Progress in the Use of Plant Pathogens as R. Charudat t an
Biolog ical Controls for Aquatic Weeds

1055 Report of Mechanical Research Contractor

Evaluat ion of the Aqua-Trio System for (‘. B. Br ’sa nt
Harvesting Aquatic Plants  in Florida **

* .\iilhiir n.j. unable 1,1 altend~ paper na~ pre~eiited h~. I Pack
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11th ANNUAL MEETING
U. S. ARMY CORPS OF ENGINEERS

AQUATIC PLANT CONTROL
RESEARCH PROGRAM

INTRODUCTION

I he En ’s i ronmcn ta l  Sy stems l) i ’s s ion .  Mo h i l i t ~ and I . n v iro nm en t a l  S~ s tems I ah i r i i i  . I ~
\ r m~ Engineer  Water ’ss a~ s E xp e r i m e n t  Stat i on . arra nged for  the  I I  t l u A n n u a l  \ lcct  II1~ on the  I ~

Ar m~ (‘orps of Engineers Aquatic  Plant  (‘ont ro l  Research Pro gr atu ~ to re ’s c’s~ c ( I r I e n t  op c r a t l l l n s

act l ’s  i t ies  and to a f f o r d  an op p o r t u n i ty  f o r  p r e s e n t a t ion  of current  research pro l ect s . I he c o n fe r e n c e  ss j s
held at the Turtle Inn , Atlantic  Beach . Florida. 19-22 October 197€ . \ list of attendee s Is g l se n  on pages
ix-xvi .  The conference agenda is presented on pages x v i i -xx .  I he papers presented at t he  meet ing a i c

published in f u l l  herein , except as noted on the agenda.
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OPENING REMARKS TO THE AQUAT I C PLANT CO NTROL
RESEARCH PROGRAM

by

COl. D. A. Wisdom *

Good morning. Ladies and Gentlemen. Welcome to the Jackson vil le  l) istrict and the Corps ’ 1 1th
Annual  Aquatic Plant Control Research Meeting.

I see that we have a ver~ diverse group of representati ’.es here today. Of course. t he (‘orps is ‘s~ell
represented , but I also recognize individuals from other Federal agencies , state agencies , focal
governments , environmental groups , and interested individuals . I am certain that ‘ss ith a gatherin g of
such an astute and diverse group. we can surely formulate  ideas and plans for a t rul y  meaningfu l  and
responsive research and control program.

I believe it is significant that this year ’s meeting is being held in Florida. From what I ha~e seen.
Florida is the leader in aquatic weed problems . Florida has all of the introduced species of aquatic  weeds
and experiences vary ingdegrees of problems with all of them . Due to the favorable climate , the state was
also unfortunate enoug h in most cases to be the first area to have them. Uncontrolled , these p lants .
waterhyacinth and hy dri lla in particular . reproduce explosivel y and causea myriad of problems for man
and our environment.  Having been exposed to the waterh vacinth the longest , we have been able to
develop a limited amount  of control , throug h the judicious use of 2.4-D in a selective maintenance

control program. However , we are still not satisfied with this one method of control. As with any
method of control , it has its drawbacks: thus , the Corps is looking at alternate or supp lementary
methods. For examp le:

1. After many years of the Corps ’ and other ’s research , the waterhvac inth weevil  is available on a
limited operational basis. The Jackson ville District collecteu, transported. and released ap pr ox imatel ~
24 ,000 weevils at SI sites along the St. Johns River  this year. Sites were selected that were not gen er aI l~
accessible to regular chemical t reatment .  The weevils are expected to expand in numbers and reduce the
amount  of plants that wash out of these inaccessible areas during hi gh-water periods . Additional
releases in other areas of waterh yacinth problems are planned for the future.

2. To more thoroug hly understand another alternati ve,  the Jacksonville District has sponsored a
mechanical harvesting research effort by the Corps’ Waterways Experiment Station. This is a 2-phase
approach. Plan I . or the first phase. is to collect available data on harvesting systems , test off-the-shelf
equi pment . and evaluate these data. Ini t i a l l y, the field test was to he in the St. .John s River  on
waterh yacinths only : however , the rap idly growing problem with  hy dril l a prompted us to include the
testing of machinery on this plant also. The machinery was evaluated on hydri l la  in Orange l.ake . a still-
water environme nt , and the Withl acoochee River where it was tested on waterh v acinths and hv dri ll a in a
moving  water or river situation. Plan 2 of the mechan ical harvesting effort will draw together previous
research and field data for the design of efficient harv esting systems that are capable of working for
sustained periods under natural environmental conditions.

3. The Corps is also sponsoring a detailed study administered by the Waterwa y s Experiment
Station into the use of the weed-eating white  amur  fish for hvdri l l a control at l.ake Conway near
Orlando. F lorida.  This study effort should answer many questions on the fish ’s abil i ty to control hydr i l la

* l ) i s l r i c t  Ingineer . t -
- S . - ‘srrns I-ngineer t) i~trici. I~j ck~jj n~ lIe. t - lnri i j a
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and what efkct the introduction of the fish will have on natura l water bodies.
Ihe  Jacksonvil le  l) istrict  and others are progressivel y pur suing the integrated A q uatic i’Iant

Control Program that  is most responsive to our  waterway users’ needs and least en v i r o nm c n t a l I ~
disrupt i ve .  i his approach wil l  draw on all methods of control and use each, or a combina t ion  if each.

where they are best suited. For the pre sent , however , we must re l~ on the use of chemicals  and tl uc
waterh v acinth  ‘ssee ’s i l .  Integration of other biolog ical and mechanical  control method s appears to h e t u s t
around the corner.

In closing. I would like to note that I have experienced an encouraging trend in aquat ic  plant
control research. The whole research program is becoming orIented to operational need ’s. . Addi t i ona l l ~ .
researchers , plant management peop le , and the public are communica t i ng  f ree l y .  E veryone recogni/es

that , at present , we do not havethe  u l t im at c ans we r  to aquat ic  weed problems. Howe ’ser. a con t inua t i on
of the free exchange of ideas will  sure ly result in an integrated aquat ic  plant management program that  is

environmental ly acceptable and responsive to the needs of the pub lic.
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i’iD: AQt 1A1 ’I ( ’ PL AN 1’ (‘O~~TR OL P RO ( ;RAM
GOA L S AND O BJE C T IvF: s

by

H. Roger Hami lton *

[he Aquatic  Plant Control l’rogr an i of the Corps of Engine ers is authori ted h~ Sect ion 3(12 of the
Ri ’s er s and Harbors Act ol 1965 . Publ ic  l a w  89—298 , ‘ss h ic lu states in part :

I here is hereby authori i ed a comprehensive program for  control  and
progressive eradication of water hv ac ln th . a ll i gatorw ee d . Eurasian w ater m i l fo i l ,
and other obnoxious aquatic p lant growths  from the na ’s igab le waters , t r ibu ta ry
streams, connecting channels , and other allied waters of the United States , in the
combined interest of navigation,  flood control , drainage. agriculture,  f i sh  and
wildl ife  conservation , public health , and related purpose ’s. .  including cont inued
research fo r  development ol the most effect i s  e and economic control measures , to
he administered by the Chief of Eng ineers , under  the direction of the Secretary of
the Army ,  in cooperation with other Federal and State agencies.

Problems ‘.s i th aquatic p lant  growths exist in most parts o f t h e  country  in vary ing degr ees : h owever ,
our major  problems occur in southern lat i tudes where subtrop ical and near subt rop ical c l imat ic
condit ions provide long growing seasons and fa ’sora hl e habitat  for vegetation .

[he major problems exist wi th  those species of aquat ic  p lants  tha t  are not na t i ’se  to the I nit ed
States. [hese species often do not present a problem in th e i r  nat ive  countries because of the presence of
natural  enemies or other limiting factors that keep population s in check . I ransported to th is  countr ’s .
the p lants  ha se found  ideal growing condit ions and a lack of na tura l  enemies or other l im i t i ng  factors
that  would result in population control.

A ~car ago last spring, responsibility fo r  management of th e  Aquat ic  Plant  Contro l Program ‘s ’sas
assigned to the Recreation-Resource Management Branch in the Of f i ce  of the Chief of Eng ineers. .  ‘ss i th
the  d irect i ’se to raise the level of performance of the program. I)urin g the past year and a hal f ,
considerable t ime and effor t  have been devoted to upgrading the effect i ’sen ess of the opera t iona l  and
research objectives .

Responsibi l i ty  for research efforts in the control of aquat ic  p lants has been assigned to the  U . S.
Army Engineer Waterwa ~s Experiment Station (WE S )  at V ick shurg .  Missis si ppi. The WES is your
host at th is  conference, and Mr. LewIs Decell . (‘hief of the A quat ic  Plant  Research Branch. and his s taf f
wi l l  he here throughout  the conference. I am sure they will he a ’sai lah le for an~’ discussions that  y ou may
wa nt to ha ’se ‘ss ith them.

When ‘s’se received the responsibi l i ty  for management of the program and the orders to heconue
operational fa i r l y quickl y , we established some goals and ohjcc t i~ es under which we s’s ould operate. \Ve
ha ’se comp letel y redirected the program. Our overridin g goal is to provide tools , as the result of our
research effort ’s. ,  for  those ind iv idua ls  in our operating districts as well as for our colleagues at s tate  and
local lesel s as soon as possible. Our research efforts are directed toward producing these tool ’s in as short
a t ime franue  as is possible or practicable. I he tools are then g iven. th rough the process we call
tec hnology t r a n s f e r , to the operational  elements . Toward the end of accomp lishing th i s  goal . ssc ha ’se

l3iiil ei~i. RecrciI i i in-Rc ~ iiirce \ l . ir i ; ieem ent l~ranc h. ( i’ Iislriiclli’ii-( )pcr~iIliins I i t s  isu ’ Il . O l t ice .  ( lid I i~~ii icci~
‘s’s .ishiiijiliin, I) (
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establishe d a system of p r ior i t ies  under s’s hich ‘sse f u n d  the  pro gram. and under  s’s lui c lu act ion s are
i n it ia ted a rid carried out to co iii plet i o ii

I h at  p r io r i t r  sy stem is as I ollo ’s ’s 5: Our No I p r io r i t y  is t echno logy t r ans fe r .  and th is  is

accomp lished in several ‘ssar s tha t  I ‘s’s i l l  discuss later.  Our sceoru d pr i or i t r  i s  research , and s e  break it

doss ii i n to  t’s’so categories: P r io r i t y  2.a . shor t—term research , arid Pr ior i t y  2 . h. lo ng—term research.
I hird in the list of ma jor  priorit ies of the pr ogram is our cost—sharing program for  operat ional

co ntrol  of aquatIc p la nts. I bis cost—shar ing program fa l l s  u iu der the a u t h o r i t y  of Section 302 of the 1 965
Risers  and l la rhor s \ct and pro s ides fo r  a 70—30 spli t  iii the operat I onal  control ,  wi th  the  F edera l
go’s ernn u ent  providing 70 pe rcent of the cost and state government  pros iding 31) percent.

Four th  in otir pr ior i t y  system is the p lanning  e f f o r t ,  w hich must he carried out h~ t he d i s t r i c t s  iii

orde r to imp lement an aquatic  p lant control pr ogranu . I his p lann ing  e f f o r t  Includes ~ 1 ep arat ion of
l)esi gn Memoranda  for  the control program arid an Envi ronmenta l  Impact  Statement under au tho r i t ~
of Section 102 of the Nat ional  Env i ronmenta l  Polic y Act ol 1969 . Publ ic  l.aw 9 1—1 90 .

This pr ior i t y  system is consistent wi th  the goal of providing tools for the operations personnel as
soon as possible. In view of the l imited f u n d i n g  fo r  the pro gram . our p lann ing  effort  must  recei se the
lowest pr ior i ty  so that  we may concentrate on ongoing projects before we begin new work.

At this point I’d like to go hack to the technolog y t r ans fe r  p hase of the program implementa t ion
that  ‘ssc base esta hl ished as No. I priori ty in the sr st em. l echno logr transfe r is simp l y the convey ing of
the results or conclusions derived f rom research to the user . It requires coordinat ion and cooperation on
the part of both the researcher and of the user. To put it in s imp le terms , the researcher throws the ball.
t he user catches the ball and runs fo r  the touchdown . Without  th i s  team ef io r t ,  we ca nnot  succeed.

..~ccom p l i shrn ent  of the technology transfe r p hase is handled in a number  of s s a \ s .  T h e  most
co mmon ‘s ’sar of t ransfer r ing  technology from the researcher to the operator is th rough  the use of a
manual  that  spells out the conclusions and results  of the research effort and out l ines  a procedure h~
sshich the~ may he imp lemented. For this  to he successful . t he researcher and operator must  speak the
same language.  I oo often , research reports come out wi th  pages of formulae and sc ien t i f i c  or
tec hnolo g ica l  language. ‘s ’shich the operator in the field wi th  mud on this  hoots and his  back ground of
practical  experience cannot unders tand  This has been a hazard to the scientif ic  c o m m u n i t y  since t Ime
began.

Howeser .  there is a need for  the technolog ical language in our report sy stem in the scenario of
communica t ing  wi th  other ind i s idua l s  of equal ski l l s .  So. we arc looking at tss o types of reports.  One
tr  pc of report or manual  is aimed at the researcher ’s co lleague engaged in the same or a s imi lar  endea ’sor.
at th e sa me leve l . [he other type is addressed to the user who has a d i f f e r e n t  level of appreciation.  but he
is the man that  makes the program work.  Communica t ion  is the key.

[raining schools for specific control processes may also become necessary as a technolog y t r ans fe r
method.

One phase of technology transfer  tha t  we ha ’s-c been emp loy ing in the A q uatic Plant (‘ontrol
Program is tha t  of large-scale operations management tests. [his is a rather  long name for a ra ther
involved process that  emp loys researchers and operations peop le in a team ef for t .  [he oh~cct i ’s e  . as  can
he ascertained from the name , is to test out those results of basic research t h a t  seem to he on the
threshold of success as an operational tool and to re l ine  the procedures for incorporation into f ie ld
manuals .  We feel that  earl y involvement  of state and local agencies. univers i t ies . organizat ions.  and
other interested parties during the conduct of these tests is essential .  [heir cooperation throug hout  the
field te st is most hel p ful.
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When we were assigned the A quat ic  P lant (‘ontro l l’rogra m . our first decision was to drop the
lo sers and go wi th  the winners. We contacted personnel o ft l i e  ~VFS as well as those in the South At lant ic
Division and the Jacksonville I ) istrict , where the majorit y of our aqua t ic  plant  problems occur. t o a ssess
the state of the ar t  in all phases of the control program , including biolog ical , mechanical . chemical .
water-level mani pulation , and integrat ed processes .

One item that appeared to be near the threshold of success was a very controv ersial fish called the
white amur . or grass carp. I .~m sure that you are all famil iar  with the fame and in f amy of this biological
control agent.

The fish will eat weeds. We know that. We do not know , nor does anyone know , what impact the
fish has on the aquatic ecosystem into which it is introduced. The scientific communi t y  and also the sport
fishermen continue to ask basic questions rela tive to the introduction of the fish in to  a natural  system in
a real world situation. For examp le: What effects does the fish have on the habi ta t  of game fish species?
What is its impact on benthic organisms: on water chemistry : on other aquatic plants: on waterfowl : on
reptiles ? In short , what happens to the aquati c ecosystem when white amur  is introduc ~d? We do not
know. At Lake Conway on the south side of Orlando , Florida , we are cur rent l y collecting baseline data
and expect to introduce the fish next spring in a long-term effort to find out what are the impacts o f th i s
fish in the aquatic ecosystem and what are the efficiency rates of this  fish as a biolog ical control agent on
a Large scale , in this ease, an 1800-acre lake.

This project is being run by the WES and the Jacksonville District in cooperation wi th  state and
local agencies in Florida. The knowled ge and skills of both sets of expertise . research and opera tions. are
emp loyed in this team effort. Whether we discover the white  amur can be an effective tool tha t  does not
deter aquatic ecosystem processes , or one that  si gnificantl y upsets the balance of the ecosystem, we th ink
the technology transfe r process and the cooperative effort of the team members will  be successful.
Hopefully, a new tool for aquatic plant control will  be developed. However , if the project produces
results that indicate severe deleterious impacts on the ecosystem by the whit e amur . we are prepar ed to
abort the project. When dealing with biologi cal control agents , we must have an ‘off-switch” built into
the project.

This important  interface between the research element and the operations element toward the
solution of a problem is what technology transfe r is all about.

The new direction of the A quatic Plant Control Program requires the application of management
skills at all le ’sel s. by all peop le involved in the program. This process has begun and some very hard
questions are being asked. If the program is to succeed , these questions need accurate answers. Each of
us must know where we are, where we are going, and how and when we are going to get there. We must
understand the economic , biolog ical , and fiscal imp lications of the actions we take.

One of the problems that we face in this program is a description or an assessment of the magnitude
of the obnoxious aquatic plant problems. Especiall y throug hout the southeastern United States , and in
most of our other district offices, we have personnel responsible for the control of obnoxious aquatic
plants. Most of you are here . HOW many of you can tell me what the magnitud e of your  problem is?

How many of you can tell me the economic impact of aquatic plants in your part icular geograp hical
jurisdiction on navi gation , on flood control , on water supply, on fish and wildlife habitat ,  on recreation .
on water quali t y .  etc.. etc ., etc. ?

How many of you can tell me what ~our 5-year program is for the control of aquatic p lants? What
are the priorities? What areas should you hit first? How much will  it cost ’? How much cooperatio n from
the states can you expect? What will be required in the way of registration of chemicals ?
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How many of ’ you can tell me what r our  budgetary requi rements  are now , next \ ear , and 5 ~‘ears
f rom now ?

How many of y ou can tell me what the pr ior i t ies  of the control  program sh ould he ’ Where are the
greatest intcstati ons? Where do the efforts need to he dIre cted?

How manr of you can tell me what  tools tha t  y ou  nos’s use are ef tecti ’.c a nd ‘s ’sh at our requIrem ent s
are in the way of new tools ’?

This last question is extremely important.  It is the reason we are here today. 1 he operat ions man in
the district has a problem with the control of obnoxious aquatic plants . I r adi t i on al  methods , such as
spray ing . in many cases are what he relies on. There may he another method that  can ‘sase him money .
that  would permit thedi version of manpowerand fund s to anoth er  important  func t ion of the Corp s . and
that  could reduce the mass of plant control to a manageable level and mainta in  it at that  le ’se I . Maybe
that  solution isn ’t too far around the corner.

It is the responsibility of the research peop le at the  WES to help us find these ans~ ers. It is the
responsibility of the operations peop le to identif y the problems and ask for and acti sely seek solutions. I
imp lore the operations peop le to put the pressure on the WES for answers. Likewise. I imp lore the
research peop le at the WES to put the pressure on the operations peop le to hel p them with the solutions
and to make them work. I th ink this team effort is extremel y important in the solving of any problem
that we may come across in our endeavors. I t h ink  it ’s especiall y important in this particular field of
control of aquatic plants where so little data are available , especiall y meaningful data that  we can re l~
on.

We are in a sense p ioneering and breaking new ground here. For example , in the area of mechanical
harvesters for food and fiber crops , the agricultural peop le have been working for centuries and now , in
a terrestrial environment , are able to desi gn harvesters , t ra ctors , trucks , and combines for specific crops
rhey know how farapart  the crops are p lanted. they know the densities. and so forth. Wedon ’t hase t h at
type of data in aquatic environments. Aquatic p lants  do not always fit the nice confi guration of. for
examp le . a cornfield. We need to find out what we are dealing with.  We need to establish the
characteristics of the p lant infestations in terms usef ul lorex pressing work measurements requirements.
We need the operators and the researchers to work together.

Some of the questions that I have raised in the last few minutes are verr basic. They are questions
that the manager of such a program should immediatel y address. The answers should be readily
available , H owever , l am finding, much to my dismay. that we do not know the answers. Let us find out.

I ’ll be here through the remainder of the conference. We have the operations personnel and the
researchers here in this room, I am looking forward to a good interchange of ideas: I th ink  this is the
proper forum for the beginning of a successfu l program .
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OVERVIEW OF 1’HE U. S. ARMY (‘OR P S OF F ;M ; I N EE R S
AQ UAT I (’ PLANT (‘O N TRO L R~~SF AR ( ’H PRO G RAM

hr

.1. 1.. l)ece ll *

BACKGROUND

Ihe I. .  S. Army (‘orps of Eng ineers is re sponsible for  control  of aquat ic  “weed” i n f e s t a t i ons  of

major economic significance . in addition to those that  have potential  to reach problem proportions in
navigable waters , t r ibutar ies . , streams , connecting channels , and allied ‘ssii te r s I his  respon sih il i t~ is

carried out operationally by the various districts of th e (‘orp s. Ihe  research program is being conducted
to provide the technology needed to control or manage aquatic p lant infes ta t ions  in an en ’s i ro n me n ta l l ~
compatible manner , at the least possible cost.

In early 1975, the Office of the (‘hief of Engineers assi gned the Aquatic Plant Control  Research
Program to the U. S. Army Engineer Waterways Experiment  St a t ion (W ES)  with t h e d i r e e t i ’ s c t o  make
the program more responsive to the operational requirements of the dIstr icts . For this  reason . an
important facet of the program is emphasis on the t r ansfer  of technology from the (.‘or ps’ researchers to
their operations counterparts in the districts Also , the program emphasizes not only the ident i f ica t ion
or developmen t of new control agents. hut also the necessary methods and techniques fo r  their  proper
use on a cont inuing operationa l scale.

By the beginning of the past year. the ohje ct i ics of ongoing and new research were focused more
clearl y on operational problems found na tionwide.  When one considers the number  and di ’sersi t r  of the
problem weed specie s . environments where these problem weeds occur , the uses of land adjace nt to the
weed control operations . and political aspects of the various Federal . State, and local v eed control
programs. it is obvious that no sing le control technique will be adequate. Vet , because the management
of aquatic plants must he relati vel y inexpensive , the comprehensive solut ion soug ht requires the use of

systems analysis techniques that permit study of the effectiveness of various control agents used sIng l~ or

in combinations.
For management purp oses . the research effort is separated int o elements th at  include

identification , assessment , and classificat ion: development of mechanical.  biological , chemica l. and
integrated control technology : development and optimization of app lication methods : des ’e ’lop ment iif
management capabilities ; and transfe r of technolog y .

The WES has established as an objective of each program element the publicatIon o f a  manua l  tha t
will :

a. Allow the Corps operat ional field units  to better assess and classif y the type of aquat ic  plant
problems the face.

h. Provide a technique for rationally selecting the type and method of control tha t  can he applied
for each problem class.

c. ( u s e  guidance as to the degree of contro l that  can he expected from each control  t echn ique
app lied in a given problem class.

Preparation of these manuals will require the abi l i ty  to predict the effect isene ss u I  ‘sar io us control

* Supcr~ i’.ors Rese~uich ( is  ii Ingineer. ( Iiiet. \ qu ~oIc I’I.uni Reseat cii Branch. \t~ihiti is ,i iiu l I us ii . .r i t r t ~ l i t  I Si s ic i n s

I .ihiirat ir~ . I ~ \riii~ I ngineei ‘s’s i to ua’~s U sperinicili ‘s i.itii,n. ( I - S itkshiiiii . \ I isslssup r i
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agents app lied under a ‘san ely of condit ions.  Al so , in comp liance wi th  ex i s t ing  laws, such prepara t ion
requires the abi l i ty  to predict any subsequent envi ronmenta l  e f fec t s  resu l t ing  f r o m  s’seed cont io l
operations and means of mi t i gat ing th em.

I hc  elements of the research e f f o r t  are discussed In  more detail  in the remainder oh tE is  paper.

PROBLEM IDENTIFICATION , ASSESSMENT ,
AND CLASSIFICATION

I bis element involves development of techni ques for  locating , i den t i fy ing ,  assessi ng. c lass i f y ing.
and monitor ing problem aquatic p lant populations.

The water—covered surfaces in the United States comprise sl ightl y over 2 percent o f t h e  total  surf  ace
area. i bis vast water-covered area of over 42 .763.950 hectares (427 .2~ I km~) is the potent ial  hab i ta t
(depending on the sui tabi l i t y  of growing conditions in a specific local i t y )  for  at least 5(1 noxious  aqua t ic
plants ( lahle I I . which hase created problems of various degrees depending on the t\ pc and ntcn si t ~ Of

‘s% ater use.
Presentl y, the most pre ’salent problem species occurring in hig h-use areas are four :  ssate rh ~ae in t h

(Eichhornia  crassipes (Mar t . )  Solms) . al ligatorweed (Al ternanthera  p hi loxcroides ( M ar t .~ (i riesh .l .
hy dri l la  (H vdri l l a verticillata Rowle). and waterlettuce (Pi .s tia .slrat iolie.s I . . ) .  In addit ion to these f o u r ,
three other species base presented cont inu ing  problems: Eurasian s ’ s a tcrm i l fo i l  I t !v r i up hi l l z wi
spicatum L.). Brazilian elodea ( Egeria den.sa Planch.).  and wat crchestnut  ( l’rapa natan.s I . . ) .  I hese se’sen
species are emp hasized in the research program.

Remote sensing studies are being conducted to establish the opt imum f i lm- f i l t e r  combinat ions and
other mission parameters , i .e. proper time of day to fly the air-photo mission , fli ght a l t i tude s . etc. . that
m ust be used if a target species is to he identified.  Also , work has heen ini t iated on the development o f a
system th :t t ‘sill permit classification of sar i ou s aquatic p lant  infes ta t ions  such that  an adequate control
method can be more readily tailored to a specif ic  problem.

DEVELOPMENT OF CONTROL TECHNOLOGY

Mechanica l Harvesting

Mechanical harvesting of aquatic p lants  is being e salu ated comprehen siselv . i.e.. equi pment.
locations , plant types , disposal methods , cost , environmenta l  impact.  and reasons for min imal  success
over the sears are being studied . ihe  results of th is  s tudy wil l  he used to assess present mechanical
control technolo g~ from a systems analysis  perspecti ’se and to hel p i d e n t i f y  aspects of th is  technology
that  can he improved. It is expected that  th is  approach wil l  lead u l t imate l y  to a capabi l i t y  fo r
determining the most cost-effective mix of machines and operations techniques for  control l ing aquatic
plants in ‘sarious ens ironments.  At present. field tests are being conducted in Florida with machines
being used under contract wi th  the Aquamar ine  Corporation. Wauke sh a . Wisco nsin. Also , other
concepts that make more effective use of natural  lorces . such as win d  and water current ,  are bei ng
studied. The most prom i sing ‘s ’s i lI proha hlr he selected for  f ie ld testing in Florida early in 1977 .

Biological Control

In the WES research on biof og ical control  methods . ‘s~i r Iou s species of insec ts . p lant  p athogen s .  and
fish have been and are being evaluated in the laborator y and in both large- and small-scale f ie ld  te sts .
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Table I
Aquatic Plant Research Program l’arg et Species

(‘ommon Name Botanical Name

Algae

\ rm ah aena  ..4nahaena spp.
(‘tiara (‘hara spp.
(‘ladop hora ( ‘ladop hora spp.
H ydnod i ct r on I! I ’drod ic (I’Of l spp.
\l c r u m C ~ s t i s  tf i u r o u i s t i s  spp.
N ite l la .‘s,’ifr lla 5pp
Oedogonium Oeclogoniu,n spp.
Pithop hora P hithoph ora spp.
Sp inogyra Spiro g i ’ra spp.

Emergent Plants

A ll i gator ’s’s eed .4 liernanthera philoxeroides (Mar t . )  Griseb .
American lotus .Velumho lutea (Wi l Id . )  Pers.
Arrowhead Sagi ttar ia spp.
Cattail  Tip ha spp.
Fragrant ‘s ’sater l i lv .Vt ’mphaea odorata Ait.
I-rog bit Limnohiu,n sp ong ia ( Bose .) Steud.
Pickerel s ’s eed Pontederia spp.
Slender sp ikerush Eleocharis a.sicularis R. and S.
Smarts’s eed P oligonum spp.
Sp att e rdock .~‘upha r adsen a (Ai t . )  Ait .  F .
W ater penn ywort  H idr o ’ot lie Spp.
Watenshield Brasenia .s-chieheri Ci nd in

Aquatic (;rasses

(‘utgras s 1.eersia he.s ’andr a (Swoat , .)
Giant  foxtai l  Setari a mag na Bri sh.
Giant  reed P hrag,nites g ’o,nmuni.s ( Fri n .) R ti d.

~v1 aidencane Panicum hemitomop n Schult .
Paragr ass P anicum p urp ur a.scens Raddi .
Sa’s’s gr ass ( ‘lad ium famaicen.si.s Grant , .
Southern watergra ss Hvdr o. ’hloa caroli tien.si.s Beauv.
Forpedognass Pa ncicum r ef) ef l .s I . .
Water paspalum P a.s-p aium f lu itan.s ( E l I .) K u n t h .

Floating Plants

(‘ommon duckweed 1.emna minor 1..
Ch ant duckweed Spirodela spp

Floa t ing  waterh y acin t lm Eiehhornia eras .sipes ( M a r t . )  So lni s—f .auh ack
Salvinia Sal ’s ’in ia spp.
Water fern  .1:olla spp.
\t/ aterlet tuce P is tia .st r a ti oti ’s I .
W atermeal  14 o l/f i a  spp.

~Vo lf fi el l a 14 ‘oI l/Ic// a spp.

( C o n t i n u e d )
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Table I (Concluded)

(‘ommon Name Botanical Name

Submersed Plants

Bra zil i an elodea Egeria dens-a Planchon
Common bladder s ’s ort (-tic ulari a spp.
(‘oonta i  I ( ‘eraiop /z I l/un? demersu,n I
Eel grass Tapegrass ( al/ isneri a spp.
Eurasi an watermilfoi l  ti i ri oph i lium .sp icatum I. .
F a n wort (‘aho,nha ~aro Iiniana I . .
Hyd rilla HIdri l la m ’er tici lIa .’u R ovle
I l l inois  pondweed Po toniogeton illin oe,zsis \ i orong
Marine naiad va/ u.s marina I . .
Pa r r ot feather Mvri ophiI I u in  bra .siIien.se Ca m b
Southern naiad Va/u. s guada lupensis (Spr ing . )  M orong
Widgeongrass Rupp ia marithima I. .

This program will be accelerated , wi th  increased emp hasis on the search for addi t ional  biological
control agents and investi gation of their  l imi ts  of environmental  adapta bi l i ty .  Some of the more
important  studies are discussed below.

Field tes t of the ss ’hite amur. A large-scale test for in t roducing the white a m u r (  (‘tenop hor ingo clen
ide/Ia . ~‘a l )  fish into a field en ’s ironment is being ini t ia ted at l .ake Conway near Orlando , Florida , to
study the effectiveness of th is  fish in control l ing hy dr i l l a .  I ts  in t roduct ion in most cases has been
carefull y controlled , and it has been outlawed in seseral st at e s . Other states allow i t s  in t roduct ion  under
stringent controls fo r  exper imental  purposes .

[hroug h research sponsored by the Ii. S. Arm y (‘orps of Engineers , personnel at the  I. S

[)epartment of the Interior Fish Farming Exper iment  Stat ion at Stut tgar t .  Ar k a n sas , ha ’se developed a
s’shite amur  reproductive techni que that  results in all female (monosex popula t ion)  o f f sp r ing .  so tha t  a

nonreproductive populat ion can he introduced into  a test area. H y bridi z at ion ex per iments  ha ’s-c
demonstrated that  these monosex genotypes are not able to h~ hridi ,e  ‘ss ith the other natura l i i ed carp
species. Thus, the population of the white amur  in a test area can he specified and controlled at the  t ime
of and subsequent to in t roduct io n.  It appears , therefore , that  the monosex white  amur  has good
potential as a plant control agent.

hise~ts and p athogens. Work wi th  insects and pathogens is being carried on in cooperation ‘s ’si th the
U. S Department of Agricul ture ( t J S[ ) A )  Biolog ical Control l aborator y and the V n i s e r s t t ~ of Florida
Plant Pathology Departm ent. respectivel y, both at ( ia ine svi l l e .  Florida. All i gatorweed has been
successfully controlled in the southern part of the U nited States wi th  the flea hett le (. lg a su  li ’ .
h lg r ophila). Recently , emp hasis has been p laced on biolog ical control of s ’s a terh y acin th s  h~ using
endemic pathogens of waterh y acinth - .4eremonium :onatum , ( ‘ercos pora /) : ar m) , ; l . ( . r odnia nj i ,
Rhi:octonia so/ an, and three exotic ones Bipo lari.s steno.spilla. ( redo eu hhorn iae . and R/,i: ocio,na
sp. rhe U ni s e r s i t y  of Florida has carried out extensive cul tura l  stud i e s in the laborator y :  greenhou se
studies , including cross—inoculation of other p lant species: host range s tudies . and ,  i n the  case of the
endemic pathogen s. small—scale field tests Fhesc la t ter  t cst s has e shown tha t  ‘i :onalum and (

rodmanu have considerable pote ntial  as hiocontrols . The ~V l  S is pre s ent I~ testi ng both ot these
combined with  t ’s’su insects I \ eochetina eu hhorn,ae and ‘i r :amu densa ). in I ake (‘oneordia.  I ou i s i an a .
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I he prel iminar y results of these tests indicate  tha t  the  c o m b i n a t i o n  of an insect and a pat hogen a t e
considerabl y more e t tec t i ’ sc  t h a n  one agent alone. In f iscal  ~ea r 1977 ( I  October 1976—30 Septernhei
1977) . the I. S l) \  Biolog ical Control  l ahon at on ~ . under contract to the \~ l S . wi ll a t tem pt  to h i n d  and
perform pre l im i r t ar ~ e’salua t ion s  of insect enemies of Is ’s o plant  species . I / i  riop / n //w n 5/ 10 a/un? and
i I id r s IIa m ’ m’r iu illaia . I he f ie ld  ‘s ’sork wi l l  he done in Europe and A fr ica  fo r  the Is’s o tar g et  species .
re sp ect i ’sel~ Also , the L J S I ) .’\ laborator y  s’s ill  a t t empt  to de termine . h~ tests  co nducted undei
q uarant ine ,  the su i t ab i l i t y  of selected insect species fo r  po t en t i a l  use in the I ra ted States as biolog ical
age nt s for control  of aquatic s’seeds I he agents t inder test wi l l  includ e ,  hut ‘s’s i l l  not ricces s~ir i l s  he
restricted to. .S’unieodt ’.s a/hiq u itt a/i. s (as an agent against  ‘s ’sate rh~ :m c i n t h )  and I ’ar uponi V s trati ul utu ) as
an age nt against l ura sian wa te rmi l l o ml  ).

Chemical Control

( ‘hemica l compounds per se and techni ques and equipment  fo r  the i r  app lica t ion  arc bein g tested
a nd e ’sa luated in cooperation wi th  W r i g ht State Unisers t tv . E)a t on. Ohio: t. n i ’s . r s i t~ of South ’ssestern
l ouis i ana.  l . af a ~ett e . l ou isian a: Syracus e Research Corporation . Syracuse. Ness \ ork: and (‘reat i ’sc
Biology l .ahora to r ~ , Bar h erton . Ohio , Special emp hasis is being p laced on the research required Io i
Federal registration of chemical s  f o r a q u a t i c  usc’. Other s tudies , such as t h e e f t e c t i s e n e s s  ot s l o ’ s ’s—rel ease
herbicides , arc i n progress: and testing of the Marsh Sere ’s’s amp hib ious ‘sehicle as a spra\ p l a t f o r m  has
recent l~ b . .n  completed and documented.  I h e  fo l lowing  paragrap hs touch on specif ic  ongoing ‘s ’s ork.

.clois -release herbi cides . A series oh s i n y l  monomers con ta in ing  2.4— dich l orop henoacetic acid ( 2 4 -
I ) )  or 2- 2.4 .5-tn ich l orop h e n o x y )p r o p ioni c acid ( S i l ’ s e x l  has been s~ nthesi ,cd I he monomers sserc
pol~ meriied by hulk— , so lu t ion— , and emuls ion—free—radica l  techni ques to yield ‘sa ni ou s  compound s
W o r k  is under way to determine the effects of p H and ssater temperature  on the release rate of the most
promising pol ymers , t he s~ nthe si s  and pol~ me r i i a t ion  t i f  a ness series of ‘s in~ I monomers  e u i n t a i n i n g
Fenac. an d the de terminat ion  of the release rates of the poI~ m ers c o n t a i n i n g  Fen ac I est quan t i t i e s  (500 —
2(X)() g) of those pol~ fli er s co n t a i n i n g  herbicides selected for  in i t i a l  laborator y hm oa ssa ~ ‘s’s i l l  he
sy nthesi z ed ,  and the ac t i s i tv  of these pol ymers  wi l l  then  he determined by hioassa~ ‘s’s i th se ’ser a l aqua t ic
s’seeds. \ method for  t rea t ing  submersed aquat ic  weeds ‘s ’ si th polymers  conta in ing  herbicides is also
bei ng deve loped.

In addi t ion to the ‘s ’sork described aho ’se. l ) iqu at .  2 .4-I )  acid. and Si l sex ha se  been embedded in
various concentrations in hot pol smeri z ed st\  rene—hutadiene  copo l~ nier . cold po l~ meri ,ed
st y re nchutadiene copol ymer . natura l ruhher .  sy nthe t ic  rubber.  ci s po lvhu t adi cne.  and an ethy lene-
props len c—die n e terpo lvmer.  In addi t ion . Fenac acid . Fent i ron .  and F n d o t h a l l  compounds that  could he
processed sscre prepared in the same matrices . l oss rate fo r  these matrices is  being anal y z ed.  and
e fficacy studies are heingconducted to determine acceptable dosages of controlled-release herbicides fo r
va r ious  p lan t species.

A l so , small-scale f ie ld  studies are being conducted wi th  the most promising slo ’s ’s—re fease mater ia l s
on ss- aterh v acinth.  Eurasian wa te rmi l fo i l .  Egeria. and other  aquatic species.

Fate of lu ’rhicide ’ . (‘onsider able work on the fa te  ot herbicide compounds and thei r  metabolis m
has been done. Recent work has included de te rmina t ion  1)1 (a)  2. 4-I ) residues in blue c rabs  collected
from the St. Johns Riser  in Florida.  (h )  up take  ot 2 .4 .7 .8— t et r a ch l o r odihen , o—p—dioxin  ( I  (‘I ) l ) )  h~
selected species oh algae. and (c ) metabolism of ch l o rod io xm n by microorganism s

Integrated Control

I he biological control  ‘s’sork discussed earlier has shoss n t h a t  some agents used in coni h ina t  ion on a
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gi ’sen problem p la nt hase a greateref  feet t han  the same a g e n t s  used m di ’s id u aI l ~ . i c .  the  c o n t i  s s l  d Ice r  is

s\ nerge ti c~ rather  than  add i t i ’se  in r r i anv  eases Agent s  to  he studied in the l t i t t i n e  in i i i t c ’gi: ite d
app l icat ions  inc lude  selected eo it ih ina t io i i s  of en ’s i ronn i en ta l  m a n i p u l a t i o n  ai id inec )r ani ca l , h i t i l  gIL - il
and chemical agents \ ar lot i s  c o m b i n a t i o n s  of chemica l  and biol ogical  agents  are pr e sen t l~ b e ing
p l an i r . .’d or f i e ld  i n s c s t i g a t i u n  at l ake (‘oncordi :i .  I o r i i s i a n a .

DEVELOPMENT AND OPTiMiZATiON OF
APPLICATION METHODS

A pp lication of control  technology in an opt imal  manner requires a q u a n t i t a t i s e  under s t and ing  of
the aqua t ic  ecosystem and its response to the various control agents. and a knowled ge ol the operat ions
l imi ta t ions  of the equi pment required to app ly the control agent , Simulat ion models of the  aquat ic
ecosy stem and the operations conducted therein are under de ’se lopment in cooperat ion ‘s ’ s i th t he
1 n i ’s e r s i t v  of Florida . Gainesville . Florida , Aquat ic  p lant control  methods will  he opt imized t h r o u g h
the use of the deseloped models. The model studies wil l  he ‘sa lidated s ’s ith f ield exercises.

DEVELOPMENT OF MANAGEMENT CAPABILITY

Pursuant to a cont inuing need for communicat ing ideas and princip les tha t  can he used tode ’se lu p
long-term aquatic plant management p lans , a concept has been formulated tha t  pro s ides f o r
consideration of those factors critical to objecti se aquatic p lant management for  a lake or r i ser
ecosystem. Emphasis in this  concept is placed on the determination of control agent ( s I  to he used and
their  impact on the target plant species . system user demands , l imi t ing  environmental  condi t ion i~. a nd
potential  environmental  modification by control agent (s) .  [his management concept is composed if
fi se parts , reflecting the hict that  successful imp lementat ion of a management p lan fo r  aq t i a t ie  p la n t s
occurs in five distinct phases. These are:

a, Phase I: Problem Identif icat ion and System E)escri pt i on.
h . Phase II :  Problem Scop ing.
c. Phase I l l :  Selection of Control lechniques .
d. Phase IV:  Operational Plan Development.
e. Phase V : Operational Plan Implementat ion and Moni tor ing .

l)uring fiscal year 1977 . this concept will he app lied to aquatic plant problems in rescr ’s oirs und er
management by the Tulsa, Mobile , Ft . Worth . and Gal seston I ) i striets and ( i a t u n  l a k e  of the P anama
Canal.

TRANSFER OF TECHNOLOGY

As emp hasized earlier , transfe r of technology is being emp ha sized in the Corps  Aqu~- i i e  P lant
Control Research Program. Fhree means are being used to enhance the floss ol i n f o r m a t i o n  f r o m  the
researchers to private . Stat e. and Federal agencies and to the C orps d i s t r i c t s :  na m el ’s . a public
information progra m for  the Aquatic Plant (‘ontrol  Research Program. tech nica l reports on ‘s a r in u s
.studie,s conducted under th e A quat ic Plant (‘ontrol  Research Program I ah te  2 ) .  and large—scale
operations management tests.

13



‘(‘able 2
l’echni cal Reports l’repared in the Aquatic l’lant ( ontrol

Research Program

Published

Report I .  (‘ontro lle d Release Herbicides
Report 2 . Response of A quat ic  Weeds to l.aser Radia t ion
Report 3. Biological Control of All igator Weed
Report  4 Herbivorous  Fish for  A quat ic  Plant (‘ontrol
Report 5. Aquat ic  Use Pat tern for Si l ’ sex
Report 6. Biological (‘ontrol  of Waterh v ac in th  wi th  Insect Enemie s
R eport 7 . Aquatic  Use Patterns fo r  2.4—I ) l ) ime th vl an i ine  and In tegra ted

(‘ontrol
Report  ~~ . Aquat ic  Weed Con t ro l  wi th  Plant l’at h oge n s

Report 9 . Integrated Control  of Alli gator Weed and Wate rh y ac in th  in I exas
Report  10, Integrated Control of All i gator Weed and Waterh y ac in th  in I exa s
Report I I .  E f f ec t s  of (‘02 l aser (in Waterh y acin th  Growth
Report 12 , Butoxve than o l  Ester of 2.4—1 ) for  Control of Eurasian W ater  M i l f o i l
Report  13. Diquat  for  Control  of Egeria and Hy dri l la
Proceedings . Research Planning Conference on Integrated Svtems of A quat ic  Plant (‘ontro l.

29-30 October 1973
Proceedings . Research [‘lanning Conference on Aquat ic  Plant  Control I~ro~ect . 12 ,la nt ia r ~

197 2
Proceedings. Research Planning Conference. October 1975
l est Plan for  the l.arge-Scale Operations Management  Test of the Use of th e Whi te  -\mur  to

(‘ontrol A quat ic  l’Iants
Report  (‘ R- A -7 6— I Product ion of M ono sex White  Amur  for  A quat ic  Plant  C on t ro l
Report (‘R-A-76-2 Biologica l Control of A quat ic  Weeds wi th  }‘lant Pathog en s

In Publication

Evaluat ion of Herbicide Appl ica t ion  P la t fo rms  fo r  .-\ q t ia t ie  P lant
C ontrol: Report  I . Es a lua t io n  of Marsh Scres’s A m p h i b i a n
( M S A)

I h i s  last item is a recent innovation of the program . ‘\ large—scale operat ions n ian agement test is a
f ie ld  test of a proposed aquatic p lant control techni que conducted on a selected large area ,  at a scale and
i n a m a n n e r  representative of a full—scale field operations ac t iv i t y .  I he test is conducted cooperativel y by
both laboratory basic research personnel and field operations personnel . and i t s  purpose is t o adapt
basic laborator y and experimental  research results to the f ie ld  and to integrate them into  the  operat ion s
program. It d i f fe r s  f rom a pure research exper iment  both in scale and in m i n i m u m  exper imenta l  con t ro l s
t h a t  are imposed on the variables tha t  may al lect the outcome ot the exper iment .  It d i f f e r s  f rom a pur e
operat io nal  pro tect in th at  the results are caref u ll~ monitored (i’s-cr a period of t ime to determine ,  f i r s t ,
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whether the experimental agent (or procedure ) is in fact  cost-effective at the scale of field operations , and

second, whether significant undesirable changes ma~ occ ur in the test area ecosystem as a result of the
experimental p lant control techni que.

i’he first use of this type of field test by the WES invol ves the use of the white amur  f i sh  in l .ake
(‘onway . Florida. The overall structure of th is  test is such that  it includes a ver y comprehensive data
collection e f fo r t  directed toward the goal of assessing not only the effecti veness of the f i sh  as a control
age n t , but also the ecosystem responses. In addi t ion , a predictise model is being developed that , whe n
completed , will enable both scientists and managers to extrapolate the results of this and perhaps
pres ious tests to other problem areas. Ihe  l a k e  Conway effor t  is the f i r s t  in a series of large-scale tests

being p lanned. For examp le. it is expected that  in fiscal year 1978 . a second test , wit h insects and
pathogens . will  be init iated in Louisiana. A thi rd  test is in the pre l iminary  planning stages for  in i t ia t ion
in tisca l year 1979 to eva lua te the  use of slow-releasc herbicide formula t ions .  Ihe basic overall approach
of the I ~tke (‘onwa~ test ss i l l  he followed for  the desi gn of these future tests.

lhe  (‘orps Aquatic Plant Control Research Program ‘s ’s i l l continue to direct future  research toward
ohject i ’scs that  are clearly identif iable wi th  operational needs. In addi t ion.  these research elements will
he couched in terms of specific p lans to p lace operational capabilities in the districts ’ control programs in
a defined t ime frame.  Obviousl y, the operational control programs will  also undergo change in order to
incorporate this  problem—solving at t i tude.

I he solutions resulting from these efforts  must he desi gned to solve an aquatic p lant problem at
lesel s defined by the public users of our waterwa y s.  [‘he burden of being successful lies ss ith well-
managed long-sig hted control programs with true problem-solsing tools provided liv research.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i: ~~ . ,,,~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~ , J
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“ With the exception ot this lampricide. all the above are herhicidet .
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C’. 0. M a r ij n ~ and W . 1. \a i lon **

INTRODUCTION

Current aquat ic p lant control acti ’s i t ies in the Gal ’s eston l)istrict include pr imar i ly  the control  and
progressi ’se eradication of w ate rhvac in th  ( EichhorniQ ( ‘ra s.vipe s) and al) igator s ’seed (A/ u ’r nan t/wra
p hila .”s’er ozdes) . lh e  program is a cooperative cost-sharing and contractual  arrangement  hetween the
Federal Government  and local interests , as described by Novosad and Nail on 1 and Novosad et al. 2 1 he
(‘or ps of ’ Eng ineers . Galveston District , represents the Federal Government .  and the 1 ex as Parks and
Wild l i t ’e Department represents the State of i’exas as the local cooperating agency. Field operations are
carried out by the Texas Parks and Wild l ife  E)epartme nt in accordance wi th  mutua l ly  established
geograp hical priorit ies in consonance with  the Galveston District ’s apprn ’sed General l ) e s igni
\ lemorandum .

‘rhis report represents a summary of the present status of the A quatic Plant Control Program in the
State of Texas. Currentl y utili z ed eradication and control procedures and the status of operat ions in
each work area are described in the following sections ,

ERADICATION AND CONTROL PROCEDURES

Waterhyacinths
Waterhyacinths continue to be among the most serious of aquatic plant  pests in Texa s . According

to Guerra ,3 28 .933 acres of hyacinths base been eliminated in eig ht watersheds since 1970. Infes ta t ions
are now considered to be under manageable control except in portions of the North Coastal Area
Nevertheless , rout ine  treatment with herbicides is necessary during the growing season to keep
infestations to a min imum ,  Control measures involve the use of EPA-approsed fo rmula t ions  of 2 .4- I)
(dimethylamine salt of 2,4-dich lorophenoxyacetic acid) with appropriate  spreader sticker add i t ives  to
insure good adhesion to plants. The herbicide is app lied at a maximum rate of 4 1h in lO O ga l of water to
the surface acre.

Alli gatorwe ed

Infestations of all igatorweed ha ’s e increased in recent years throughout  man Y regions of the l’exas
Coast. Control methods to date have involved pr imari ly  the usk of A gasicles flea beetles ( 4ga,s icl ec
hi’gr op hila) . Althoug h flea beetle populations have been introduced at various location s in fis e ‘s ’sork
areas since 1970. their weed destruction capabil i t ies ha ’se met wi th  l imi ted success in l ex as .  ( juerra
reported the folIo s’s ing factors as reasons for failure of hio log ical control methods: erratic s’s can her
conditions over the past several year s . frequent  delayed s’sinters. f re qt n en t  rains , and cool spell s dur ing

Wil d tile 1)101 g i s t ,  I . S -\ t ms I t ig lnce n 1 ) 1 s t  rio, (,~utr est ‘t I , I e Las.
• I4 1s1 Iogisn I S ens  I nglttce r h i s  ist , i t t . S i  uibt us ests’rtt . 1)a lIt, s . le L a ’ s .
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peak flea he~t te gr its ’s th  periods. Addi t iona l  f ac tors  tha t  ha ’s e s t imula ted  the g r s i ’ s ’ s th  and spread 1) 1
a l l i g a t o r  s’seed inc lude  a general in crease of n u t r i e n t  Ic’s el ’s in t exa s  basin ’s. the c rea t ion  ol ttes ’s rc scr ’s , I u r s .
s ’ s h i c f t  base pro ’s ided add I t iona l  areas for  increased gro ss ih .  and  the  p a u k ’I t \  of chemical  control
act is i t ic s

l ’ u t t l n e  e radica t ion  and control  of a l l igatorweed in I ex~is wil l  e i tn s is t  of an in tegra ted  p rogr am
emp loy r ig herh i c id i i l  t reat  went  and con tinued introd uct ion of flea beetle ’s I l e rh i c ida l  I o rm u la t  II in s  and
app li ca t ion  procedures s’s i l l  he the  same as described for  wa t e rh vac i n ths .  I n roduc t i t i n t  of beetles s’s i l l
de pend upon the appearance of new p lant  g rowth  and the  a’s a i l a h i l i t v  of flea beetle ’s.

TEXAS WORK AREAS—CURRENT STATUS

I he State of I exas was o r i g i n a l l y  divided in to  1K s’sork areas fo r  operat ion al  con sen ience in
i m p lement ing  the A quat ic  Plant Control Program. I hese areas are oriented to the s ’satersheds (if n ia j or
r iser  basins and coastal drain age sy stems. C’urrent  control  act i ’ s  i t ies are pre sentl y l imited to the losser
portions of TO of the work areas as described by \ovosad and Na i l on . ’ Aquat ic  p lant  control  operat ions
in Federall y os’sned reservoirs wi th in  these work areas are genera ll~ acco mp l ished wi th  operat ion arid
maintenance funds rath er than  under the Galveston Distr ict ’s A quatic Plant  C o n t r o l  Program.
I rea t m ent  of lakes shared by ‘[‘exas and Louisiana involse coordinated e f fo r t s  of the  (j alse ston and
Ness Orleans Distr icts  and state cooperating agencies. I h e  fo l lowing  paragraphs summari .’ethe present
status of ‘s ’sa terhsac inths  and al l igatorweeds in each s’s ork area (also desi gnated Work Orders I t h roug h
T O ) .  l ab le  I shos ’s s estimated yearl y acreages of these species in each area f rom 197 1 to J u l y  1976: data
s’sere not asa i l ah ie  for 1972 and 1973.

rud e’s River Basin. Although approximatel y K000 acres of waterhvacin ths  occurred in lower
port io n s (if the \ueces River Basin prior to 1970 . subsequent  control  opera t ions  reduced these
i n fes ta t ions  to 200 acres b y 197 1, 1 Presentl y only about 50 acres of hy acinths  exist  in the Nueces
River Basin.
Guada lupe River Basin. Primary inf es ta t ions  of wa t erhvac in th s  in t h e  Guada l u pe  Basin occur in
the  lo s ’ser r iser  h ot tomlands  and marshes immedia te l y  above the influence of sa l twater  i n t r u s i o n .
Other toea l i ied populat ions exist along the river bets ’s een the cit ies of (ion,a les and New Braunte ls .
Acreages of hy a c i n t h s  hase  been reduced from ap p r o x i m a t e l y  200 1) acres in 197 1 t i) 100 acres at
present.

‘sort/i Coasta l  ‘lrea. I n f e s t a t i o n s  of w a t e r h v a c i n t h s  total  3000 acres in the N or th  Coastal Area in
l97 I .  Extensis  e t rea tment  has broug ht the present popu l a t ion s  to approxim ate l y  50)) acres , hut
hy ac in ths  cont inue  to he a serious problem in certain havous and watershed s . I .osver reaches of
lay lors  Bayou. inc luding the .J . D. Murp hr ee State ~V i l d l i f e  ~1a nag ement Area. o f t e n  s u f f e r
re current  ou tbreaks  of waterhyac r n ths ,  A l l igatorweed in th i s  region has increased f rom 21)00 acres
in 197 1 to approx imate l y  4000 acres in , Ju l v  1976. H o’sve ’ser. in one small  por t ion of t h e  N o r t h
C’oasta l A rea near Rosenberg and Sugar I .and in Fort  Bend (‘o u n t s . there  base been de f in i t e  s igns
of flea beetles reducing al l i gatorweed to a point nea rex t i nc t ion ,  I Good success s’s i th  flea beetles hi~is
al so been obtained (in port ions of Oy ster (‘reek in southern  Bra ioria (‘ou nt v .
.Sa/ ’ine Ris er Basin. Ori g inal  concentrat ions of wa te rh y a c in t f i s  occurred p r imar i ly  in I oledo Bend
R c sersoir ,  I n f e s t a t i ons  in 197 1 totaled approx ima te l y  5000 acres. most of s’s hich ssere in the
resers oi r area. \‘s ate rhv a c in th  outbre aks  also occasio n al l y p lague the los ’s-er reaches of the basin.
Approx ima te l y  lO t ) t )  acres were reported f o r t h e  work area in .Ju l v  1976 . , ‘\ l l igatorsv eed pop ula t ions
have increased f rom 1 500 acres in 197 1 to about  3000 acres at present.
i r o t i i t  Riu ’er Basin. A pprox ima te l y  IO()0 acres of w a t e r h v a c i n t h s  ntis ’s occur in the  1 r l t t l t s  R i s e r
Basin compared to 245(1 acres in 197 1 . \ l a jo r  popula t ions  hase been consider ably d imin ished .  hti t
pr oblem area s s t i l l  exist  in the man~ sloughs . bayo us , and old r iser  channels .  \1~i io r  concentra t ions
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Table I
Estimated Acreage s of Wa t erh yac inths and Alligatorweed

in Texas (1971-1976)

W ork 1974 1975 1976
Order Area or River Basin 1971 I Aug 20 Aug 9 Jul

Waterhyacinths

Nueces River  Basin 200 25 150 50
2 (iuada lupe River  Basin 2.000 1 .1)00 1 5)) 100
3 North  Coastal Area 3.000 2 .000 300 500
4 Sahine River Basin 5,000 5.000 51)0 1 .00))
5 I r ini ty River  Basin 2.450 2 .000 2 .500 1 .00))
6 Neches River Basin 800 800 500 20(1
7 (‘s press (‘reek Basin 100 95 100 5t)
K South Coastal .Area 500 500 75 50
9 San Jacinto  Riser  Basin 700 700 2 .000 3.000

10 Ri o Grande Basin 5 5 10 25

Total Acreage 14 .755 12 .125 6.285 5.975

Al l i gatorweed

N ueces Ri se r  Basin
2 Guadalupe River Basin
3 North Coastal Area 2.000 1 .801) 4.000 4 .000
4 Sabine River Basin 1 .500 1.500 2 .00)) 3.01)))
5 Trini t y River Basin 3.000 3.01)0 3.000 6.000
6 Neches River Basin 400 400 750 2 .400
7 Cypress Creek Basin
K South Coastal Area
9 San Jacinto River Basin 1 .500 1 .500 1 .51))) 3.0))))

10 Rio Grande Basin
Total Acreage 8.400 8.200 1 1 , 25(1 18 .40))

are in the vicinity of Lake Livingston.  but only minor ,  sporadic populations are found in the lower
portion of the delta. Al l i gatorweed infestations have doubled since 197 1, ~ulost of the present 600(1
acres occur in the lower Tr in i ty  Ri ’s-er delta and have displaced much of the natural  segetation of
fresh and brackish marshes . i’he first release of flea beetles in the Wall iss ’il le area occurred in 1975.
However , the species evidentl y migrated into the region from other sites prior to this  release as th ’.  ~were observed in the area in 1974. Little evidence of hectIc actis ’ity s’sas observed in th e area in 1975
and throughout  most of ’ 1976. However , during a surs cy in early September 1976 , considerable flea
beetle activity was noted . and al l i gatorweed popula t ions  appeared much reduced front previous
months ,  Evidence of plant destruction by the phycitid moth ( J- ’og tia nnallo i) ssa s also ob sersed.
although this species has not been released in the area under the Galveston l)istrict ’s Aquatic Plant
Control Program. We assume tha t  these moths have mi grated from distant  localities where they
have been introduced as a means of control by other agencies .
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,‘se c/Je .s River Basin. Waterhyaeinth infestat ions in this  reg ion are noss l imited to approx imate l ~
200 acres , m ost of ’ which are in Federally owned Steinhagen 1 .ak e ( l ) am B )an d in the bay ous of the
lower portion of the basin above Sahine 1.ake. Al l i gatorweed populat ions haseexp loded from 400
acres in 197 1 to about 2400 acres in 1976. I’he first release of the A gasicles flea h’~etl e in ‘[exas w’.us in
May 1967 at Dam B. 4 According to (Iuerra . t flea beetles has-c been introduced io !:trgi ’ colonies of
4,000-5.000 adults  at l)am B , and some 158 ,000 adults  were introduced in this area in 1974.
Biological control methods in this region , however , have produced limited results.  Detailed
treatment of aquatic p lants at Dam B was discussed by Hambric et al .~
(‘ i’pre.s .s (‘reek Basin. ‘t he only serious infestation of waterh yacinths in this region consists of 50-
100 acres in Caddo Lake on Bi g (‘ypress Creek. Periodic her h icidal  treatment is emp loyed to
control recurrent growth. Alligatorweed is n(it current l y  a problem in the basin.
South coastal Area. Some 50 acres of waterhyacinths  presentl y exist in the southernmost work
area of Texas. Most populations occur in resacas (old riverbeds) and in drainage and irri gat ion
canals in Cameron County.
San Jaein to River Basin. Infestat ions of waterhyacinths  have increased from 700 acres in 197 1 to
approximatel y 3000 acres at present. The species cont inues to he a problem on Lake Houston.
s’s’hich is a source of water supp ly for the city of Houston . and in the many irri gation and skater
supp ly canals in the area. Major alligatorweed populations also occur in the l ake Houston area
and in wetland reg ions along tributaries of the San Jacinto River. Approximately  3000 acres of
a lti gatorweed now occur in the basin.
Rio Grande Basin. l’his basin is the least infested work area in Texas. Approximate ly  25 acres of
hyacinths exist on San Felipe Creek near Del Rio . Al l i gatorweed has not been reported for this
region.

CONCLUSIONS

The exis t ing Aquatic Plant Control Program for  the State of l exas entails primari l y the
eradication and contr ol of wat erhy acinth s and al l i gatorweed. which are considered to he the most
troublesome aquatic weeds in the state. Infest at ions of waterh v acin t h s are generall y under manageable
control except in portions of the North Coastal Area. Her h icida l tre atment invo l~es the use of EPA-
approved formulations of 2.4-D with appropriate additives app lied at a max imum rate o f 4 lh  in 100 gal
of water to the surface acre. Alligatorweed populations have increased dramaticall y throug hout much of
the Texas Coast. Past control methods have invoked almost entirely the use of the Agasicles flea beetles.
but biolog ical control agents alone have produced limited results. Future techni ques will  consist of an
integrated program using herbicidal treatment and continued intro duction of flea beetles.

Current operational activities in Texas are concentrated in the loss-er portions of 10 work areas. ’l’he
‘Irinit y River Basin , Nor th  Coastal Area . and Sabine River Basin are the most critical reg ions at this
time. Intensive efforts  are required to control waterh yacinths in the Trini t y .  Saline, and North  Coastal
areas. Infestations of a ll i gatorweed are most intense in the Trini ty.  North Coastal . Sahine. and Neches
work areas.
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STAT E ’S OF ’ R F ( ’ON~~AI SSAN ( ’F suk\ ’I :i’ R F P O R T  A\ t )  R F.VIF : w OF
AQL ’AT I (’  PI ,A~~’I’ I’R O BI F;MS I~’s~ i’IIF ; ST A ’I ’F OF OK I . A I I O \ 1 ..~

h~

- ~rl - \1ason~

RECONNAISSANCE SURVEY REPORT

‘\ reconnaissance sur sev of ’ aq uatic p lant in fes ta t ions  in lakes and mis gable ‘ssater s ’say s of
Oklahoma ‘ssas made during the summer of 1975. 1 he survey report s’sas suh n i i t t c d  to the  Sou th ’ s ’ scs tc n  ii
[ )ivision Of f i ce  f o r a p p r o v a l  and s’sas re turned to the  d i s t r i c t  f o r  necesstlr\  re ’s i s i o n s  It t s  a n t i c i p a t e d  t h a n
the resi sed reconnaissance survey report s ’ s i l l  he resubmit ted  to the  Souths ’s estern I ) i s  isb n O f f i c e  fo r
approsal  by I M~ y 1 977 .

STATEMENT OF PROBLEM

l’here is an aquatic p lan t problem in certain lakes and s t reams of O k l a h o m a .  ‘\ qu a t i c  p l an t s  b ase
inter fered s ’s ith boatin g . swimming.  f ishing. and floss ol water and h a ’se subs t an t i a l l y  decreased use of
munici pal water supp ly and irri gation rcsersoir s, In ter ference  ‘s ’ s ith na ’s igation and pot ab le  sk ater
supp lies for munici palities is an ever potential problem. At presen t . t he most obnoxiou s  p lant  species in
Oklahoma is Eurasian watermilf ’oi l .  Estimates made in 1975 of Euras ian  s ’s ater m i lf  oil i n f e s t a t i o n s  ‘s’sere
approximately  8206 acres in 12 major impoundments  ( l a b l e  I ) .  \ lost of these sk aters  represent
important resources to the cities invok ed and are essential to the  des e lopm en t  of the state as a s’s hole.
Without  control programs . these inf ’est ations are threats  ~o ot her bodies of ssater, i n c l u d i n g  Feder al l ~
controlled impoundments . Presentl y , there are 23 major  areas of ’ aq uatic p lant  specie in fes ta t ions
throug hout the State of Oklahoma (Fi gure I ) :  ho s ’seser. t h i s  paper wil l  deal onl y s s i t h  i n f e s t a t i o n  u I
Robert S. Ker r Lake . a Corps project.

EURASIAN WATERMILFOIL INFESTATION IN
ROBERT S. KERR LAKE

The Eutas ian  wate rm i l foi l  infestation in Robert S. Kerr  Lake was f i r s t  ohsersed in 197 1. I’r ior to
that time , there were frequent reports that small patches of a strange aquat ic  p lant ssere hampering
fishermen in the I l l inois  River . a t r ibu ta ry  of the Arkansas  R i s e r  located in the  upper  part  of the  lake.
Since those early rep orts . the Eurasian watermilfoi l  has spread from the I l l ino is  R i se r  downst ream some
18 miles into the main body of Robert S. Kerr Lake. I oda~ ‘s est imated acres of infes ta t ion is. ~‘tr siund
600. a 100 percent p lus increase over the 1975 fi gure of 328 acres.

Because this  p lant can propagate so easil y and rapid l~ . it poses a serious threat not only to
Oklahoma waters hut to the entire Mc(’lellan-Kerr N a s iga t ion  Sy stem. From th i s  source the entire
s\ ‘stem from Tulsa to New Orleans could he ”spri gged” w ith w atermi l f  oil in a short  period of t ime.  t .arge
barge t r a i l i c  max ’ never he seriously hampered. hut the infestat ions e ( in st i t ut e  a threat  to Other

i h l i t i i , 1 1 s1 - Ii _ .. I L- , i ni i i t l—Resi , i , rce \I ;utiagi.’nrieni i-tr,inch. ( ) pe raniot t s t ) , ’ s  s l u t .  I S \ rn ts  ( i i i  u I  i IIi.nttcei s . t iil’.;i.
( ) kt .uh i’tt ta.
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‘t able I
Known E urasia n Watertn i lfo i l (\1~ riop hs Hun i spicaturu )

Infeslalions in Oklahoma ~%ate rs . 1975

Estimated sea r I’ irst
l ake l ocation ter es Obser sed ~1ap

I ake C ar l  I’ .t l i n g Ken ton  35 I
I ’ort C obb Resers oir F o r t  C obb I 2~)() l9 ( u ’) 2
\\ ucl i i t ;u  Ni o u n i t a in s  ‘sVi l d l i f c  Ref iige (‘ ache.  I .~i s s io n . 7() () l~E~ ut: c;ur’l ic n

l a k e s  and Ponds (30) includes Medicine l’ark
I ‘u ke t In ier I honn as

ake  l . a ss t o t t k ; i  I ; i ’s ’s ton  uy’ 4 4

I . ike II un iphr i es  I ) i i n c a n n  S I  6 I ~flu4

( ‘ leai’ (‘nec k I . ikc l ) t i n u .’an 7 .~ l ’)o~
Soil (~o r t se r sa t i ( n n i  l akes ( 2 )  I ) un c an  2 ) ) )  l9~ 2 —

I a k :  I h u r t d e r h i i ’d \ o rn na n t  ~(t4 2 )‘) 3

l ake  Stan ’i l ev l ) i ’aper Ok l a h o m a  ( I t \  2~) )) I ’U

Sha ’ss nee I ‘s ’s in 1 ;ikes Shass nee f ( I ~~ l u H u S  t o

(h a n d l e r  l a k e  ( ‘ha ndl e , ’ 125 lY64 I I
Robert  S Kerr  l & l )  and Resers oir  SalI i s~i’s’s l~~~~) 12

I o ta l  Acreage In f e s t e d  ~~~t

-~creage NO I under  u r i s d i c t i o n i
of Corps of F ngi nec rs or ot he
l ’ederal agenc\

commercial act i si t ies . recreational uses , and human sa fe t ~ up and doss ii the  ntas  ga l I on  ‘.\ stein s’s here
extensive growths occur , An examp le of the present in ter ference  caused h~ the l u ras ian  ‘ s s a t enmi l f  oil  Is

at the confluence of the South Canadian and Arkansas Rivers  sshere the m o u t h  is  aIread ~ bl ocked to

large watercraf t  Jue to the heav y growth.  In addi t ion ,  a ma rina concession located in the ‘\ ppl ega ne
(‘ose ol Rober t S. Kerr l ake has experienced d i f f i c u l t y  in keep ing the p lan t s  ou t  of the s’set snuu t ~ugc

docks and keeping boat lanes open f rom the cove to the l a k e d u r i n g t h e  su in i r ner  u t t  IY ’ 6 . I hese pr ohlen ns
ssere  to~atl  nonexiste n t just 2 years ago .

I . date , no control  methods hase been taken  to combat the  cont inued expans ion  of t he  I i i r a s i a n t
ssa te rmil f -a i l  in t) ’e Robert S. Kerr  l ake : howe ’ser.  it is ohs ious t h a t  sotiie ac t ion  is necessar~ - Since t h i s
type of problem is new to our distr ict . sse are searching fo r  amiss ’s cr 5 to the lol lo~ lug  quest ions  ,i i~ boss
mu ch cont ro l  ,shou ld he exercised, at what  point  in t ime  should control  actions he started.  are funds
a ’sai la~nle for  a control program , what  coordinat ion is required pr ior  to m I t  an I t i g  c on t ro l  “s ork . s’s hat
ty pes and amounts  of he rh nc i d  :s are required to obt a in  e f f ec t i ’ s e  control .  etc I he ans ’s ’sers ‘sse are seeking
must  he for thcoming in the near f u t u r e  if we are to react in t ime to pres ent loss of certain pro t ect bene f i t s
due to c\eessis e p lant  gross th w i t h i n  the nas i g a tnon  channe l  -
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EAST TEXAS R E SF:RVO I R S— A Q I ’ ATI ’ I’I~AN T (‘O~~1’R OJ.

by

F. J. ~~~~~~~~~~~~~

SUMMARY

In the deep east-central ‘I ’ exas area , aquatic p lan ts  thr ive  under s imi lar  favorable  env i ronmenta l
conditt ons as exist in the nei ghboring State of ’ l .ouisiana.  Her e are evident  a long growing season.
mar sh~’ environment ,  and hot humid climate s’s i th  an a ’serage a n n u a f  r a i n f a l l  of 52 in. Inu nda t e d  timbe r .
dense tree canopy, and shallow waters of the  reservoirs in t h i s  region nncr ea se the  oppor tuni t ies  for
aquaii c pl ant growth.  N orthern sectors of the reservoirs are hard to penetrate or reach h’s most methods
of herbicide app lication techniques . Elsewhere in the district the conditions mentioned abose , bot h
climatic and ensironmental . are not as well met nor as c( insi sten tl y met , and aquat ic  weeds do not gross
as profusel y .

GENERAL

the Fort Worth [)istrict has 17 operational and maintenance reservoirs generall y scattered about
the eastern two thirds of the state with 75 percent of the p tujec s located on either the large Tr in i t y  or
Bratos River  sy stems. Of the 17 reservoirs we really have onl y t wo that  experience signific ant aquatic
p lant problems such that  an annual  control program is required. These are the i’own B luff  l) am-B . A.
Steinhagen Lake and the Sam Rayburn Dam and Reservoir . both located in deep east-central Texas.
I his eas t-centra l ‘[exas area is qui te  a hit d i f fe rent  from the roll ing hills , grassland prairies. h l ack land
prairies , and post oak country prevalent in ‘l’exas. Instead , the east-central ‘t exas area is a land (if
erodible sandy loamy somls and extensive tracts of pine forests interspersed with some hardwood stands,
[his t~ pe of area resembles the State of ’ Georg ia more than ‘l’exas , S im nl a r f y . the northern sectors of the

reser ’so irs are in a marshland envi ronment ,  which one mi ght associate more with  the Louisiana
hacklands than with ‘[‘exit s. In these northern sectors there exists a primit ive atmosphere: an area of

solitud e l i t t le  visited by man except for transient excursions , it is in areas such as those described that
our aquatic plant  problems seem to ori g inate . s’s i th  many aquat ics harboring in the searcas , unmole sted
and ready to disperse , break loose , and become established fur ther  down the reservoir proper. We mi ght
apt l y  call these areas extensive nursery grounds for birds, reptiles. amp hibians.  mosquitoes , and aquat ic
plan ts.

Many aquatic weeds abound in the reservoirs; however , the most conspicuous and immediate
problem aquatics are waterh yac inths and al l igatorweed. Problems occasioned by their presence include
interference with navigation , impediment  of incoming flows , insti gation of complaints from marinas
and subdivision properties throug h waterhyacinths drifting into cove areas, and to a lesser extent,
providing a favorable environment  for  the development of mosquitoes. ‘t he Town Bluff I)am- 13 . A.
Steinhagen Lake has appreciable quant i t ies  of both aqu at ics . whereas the pr imar y problem at the Sam
Rav hurn  Reservoir n ’ s waterhv acin ths .

\ u J I I . u t  lu . l iuulutgis i . ( ) pe r uiu u u ns Iii’. i’ .tttn, t s \ r  II’. i ttg t ncL’t I ) ls tr lcn . i-ur n ‘u’s ui iii. I
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FIRST DISTRICT AQUAT IC PLANT CONTROL PROGRAM

t he earliest s I gn i f i can t  aqua t iu . ’ p lan t  cont ro l  pr u tg r i im in the  d i s t r i c t  sk i ts  i n i t i a t ed  at t h e  13. -\

Ste unhagen I ake hack in 1963 , a pprox im ; it eI ~ 10 ears a f t e r  the  lake S’s as comp leted . A t  t ha t  t ime.  there
‘s’sere about 21) I)+ acne ’s  of s ’s a t e rhsae in ths  in the lake according to old reports. Over the  scars , t his f i g u r e
h its increased to a p p r o x n m a t e t ~ 100( 1— I 501) acres of s s a t e rhvac in t h s  and (“0 ) acres of ’ a l l igato rs’s eed. I he
chem nc ;iI  tha t  has been used I or most all  control  programs h a s  been the amine  f o r m u l a t n o n  of 2 .4— I )
app lied at the s a r ious  rates of 2 to 4 lb of the acid equis alent  per acre. I lie chemica l  ‘s ’sas pu t  out  as ins  ert
emul s ion  t t  p resent  d r i f t , a nd t he m ode of app lnea t ion  s’s as a spray boom mounted on a helicopter.  All
co ntracts  s’s-crc p laced for  loss hid. W i t h  line ex cepti on . there has been an annua l  aquat ic  p lant control
program here since 1963, A l l  t rea tments  gener all ~ resulted in an 85 to 90 percent control .

I he f i rs t  aquatic  p lant control program for  Sam R a y h u r n  began hack in 1965 . t he f i r s t  year of
impound m ent . at  s’s ’hich t ime there ssere ab out  500 acres of waterh y ac in ths . Ho ss e ’ser .  man y  ~‘ea rs were
skipped un t i l  the second prograt n began in 197 1 , I he same chemical and mode of app l ica t ion  s’sas used
at the B . A. Steinhagen l ake. Since 197 1 . there has been an annua l  aquat ic  plant  control  program . wit h
an as erage of 2000 acres of waterh y ac in ths  treated.

PROBLEMS ENCOUNTERED WITH AQUATIC
PLANT CONTROL PROGRAMS

Fall Application Programs
In the earl y years of project operati on s . it was standard operational procedure to treat aquat ic

p lants in the fall months. A good kill  of aquatics s’sa~ made at th is  t ime ,  and spra y ing  opera t ions  s’serc
favo red b y many days of 72~ F. not uncommon in earl y fa l l  in th is  section of the  s tate .  Hu t s se se r .  i t  is
equally true that  some of the t reatment  programs extended int ( i late t~t 1 t  and par t ia l  win te r  t r ea tments
sshen the results of aquatic spraying were questionable.

Monies Available

In the earl y years of project operati on s . aquatic p lant control had to he squeeied nnto  the budget
from the tss o projects as a line item allocation. Once in , th is  became an annual  self -perpetuat ing cost
item subject then to the project managers ’ decisions and foresi g ht as to whether or n (it an aquat ic  p lant
control program would he p lanned for the next year . and if so. hos’s much money would he allocated for
this job. There were a lot of conflicting jobs that  had to be done, and one of ma or s ignif icance was
erosion contr (i l work of the lakes shorelines. Project managers had to balance their  p r i ( i r i t i es .  t h e
aquatic weed problem reall y didn ’t look too had at th is  t ime.  ‘[here may have been instances of robbing
Peter to pay Paul to get both jobs done, at least on a min imal  basis. [his mar ssell have been the
precip itat ing factor tha t  made project managers go w i t h  fall application ,  its the cost for  aerial
app lication work dur ing  this “off season ” was less than would he possible under the peak season s’s ork
and hi gher costs of spring treatments.

Because our reser voirs are in an operat i &u .tal  and maintenance status. s’seget n o f u n d i n g f o r a q u at ic
p lant control  from the l ’edera lly sponsored Aquatic  Plant Control Program , except under exper imenta l
programs. To date . we have not been able to describe our programs as exper imenta l .  However.
for tunate l y  we are or hase been getting the last several r ears  good appropriat ions from our project
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nian agers . e  noug h to coser the costs of a program whereb y s’se m a i n t a i n  a 9(1 percent con t ro l  usen
aqua t i c  p lants  on an annua l  basis ,

State -Federal Contract
Our’ most recent problem occurred when ss’e had the  good oppor tun i t y  to enter in to  a 70—31) cost -

sha ring progra m for  aquat ic  p lant  control wi th  the I ex ;is Parks  and Wi ld l i f e  I ) epar t m ent .  t ’ nder th i s
contract  the state ss ould pros -ide 3(1 percent of t he cost of the co n t r o l p rogram.  I his was good
eco n omnc at ls .  I he ma) or  d i f f erence  het sseen this  c(intraet and the previous contract was the state crews
s’sould he using the eons ent i onal  boat—spra y ing gear as opposed to the aerial appl ica t ion method by
pres tou s contr ;tei s s’s n th  commercial concerns. I h e  state—trained cress -s ss’ould he on our lakes f o r  around
3 to 3-I 2 months .  I hi s s’s;ts a benef i t , part icular l y concerning treatment of the Sam Ra vhurn  Reservoir ,
‘At th is  res ers om r . s’se receive many comp laints f rom marinas and subdivision areas about  d r i f t i n g  in of
aqu at t e s .  ~ i h  the slate crews on the lakes over an extens n se period of t ime. s’se ca n direct them ,  i f

needed , to those infested areas of the reser y omr at the tn me dr i f t ing  problems occur. l’hts ssas not the ease
ss i th  aeria l app lications sshere ss-e had the j ob for  both reservoirs completed inahou t a 4-week period. If
anr  problem ’s of th i s  nature des eloped after the 4-week period , we would has—c to arrange a ness’ contract
‘s ’si th ness costs , and then await  the necessary adminis t ra t ive procedure. A third factor that  we liked
about the mobile cres ’s s was the abil i ty of ’ their trained crews to spot any new or exotic introduct ion of

‘s ’seeds into the lake. ,.\s most peop le know , the aquatic ss-eed hydri l la  has been in Lake Li ’s ingston. As
hoth of our reservoirs are located s ’s ’ithin a 100-mile radius of Lake l.ivingston . it is not unreasonable to
be susp icious of the weed getting into nearby Corps of Eng ineers lakes.

‘~‘ e were a bit apprehensive about the state contract because of the conventional boat t reatment .
The question was could they get hack into the sloughs . bayou areas , and logjam areas and get adequate
t reatment to theaqu atn c s ’.’ However , we did have fasorable reports f rom the Galveston l) istrict . Corps of
Engineers , on a similar contract ss’ith the state and spray ing operations done under s-cry s imilar
conditions .

[‘he first year the cost-sharing progra m got under way wa.s 1975 . We hase a contract fo r  th i s year
also and hope to do s( ithe next y ear , What we d(i n ’t want  to d(i is treat (inc year and then ‘us a n t  a f ’ess years
unti l  we face another problem. We want to keep a stead y pressure on the populat ions f rom year to year.
thus in the tong run saving money and using less chemical in the lakes.

We are gett ing comparable results with the state crew ss’ork as tha t  experienced ss i th  aerial
app lications. i .e. a 90 percent control.

I ’he problems wi th  the contract were getting it off the ground. Since s’se s’s-crc not sure s’s het her s’se
ssere authori ied to enter into a cost-shar nng contract of th i s  type . s’s-c wrote to Of f i ce .  Chief of Eng ineers
( 0( 1- ) . t o approve this procedure . Also about this  t ime , our distr ict  receised s’sord. as did all  distr icts.
that  2.4-I) ssas no longer approved for  our reservoirs, except under special need, in ‘s ’shich ease a letter or
request for exception ss-ould have to he sent to OCE and Envi ronmenta l  Protection A gency ( E P A  f ( ir
f ina l  approval or disapproval. We did receive word hack tha t  ss-e ss’ere authori ,ed to enter into ;t cost—
shar ing program with  the state , hut ss’e stilt had to do something about  the  res t r ic t ion  on 2.4—1 ) .
Suhs equ ent l~ . we did send in a letter of exemption and received EPA approsal .  ss i th the  major  po in t
made that  only the amine fo rmu la t i on  of 2.4-I )  was to he used. We f i n a l l y  got the 1975 eu is t -sha r n n g
contract started in late summer.

In (976. s’se recei ved the ness m o d i f i c a t i o n  of’ t he A quat ic  Plant  C o n t r o l  Progra m fo r  Operat ions
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dated I Februar y .  I his Engineer  Regu la t i on i  11 3 ( 1 —2—4 1 2 did h~is -e s’s r i t t en  i t t  a sti pu l a t i on  appros - ing cost—
shar ing  contracts. ,‘\ hout this  t ime . ‘s’se also receised s’s ord t h a t  t he  \~ ecdar (u4 l ’u i r r i iu f ~ii l i l t ’  of 2 .4—1 )  s’s as
;i uth ori ,ed for  use in our reservoirs ,  I lie next step ‘s’sas to hase  (‘ 0mm act ,A d t n i n i s t i i i t i o n  and I egal
I ) epar tment  secure th i s  contract ‘s’s ith  the s tate  in t ime  f or a sp r i n g  appl ica t ion  prograt n .  II os’s c’s er. the
I - ngineer Regul at ion ( E R )  was not signed. fo r it was a d ra f t  cops’. J hus . sse d id hase to wa i t  a fes ’s months
before the signed copy ar r i sed .  In June  we f i n a l l y  got ‘he contrac t  under ss a r  -

So it has been f rus t ra t ing .  hut we are sloss-Ir h acking op in seasonal app licat ions f rom the fa l l
months to in i t i a t ing  the contract  in the summer months .  Nex t  rear , hopefu l ly .  we ss - i ll has - c the  program
back tip to s tar t ing in the spring months  sshere it belongs.

BRIEF DESCRIPTIONS OF THE TOWN BLUFF DAM-B. A. STEINHAGEN
LAKE AND SAM R A Y B U R N  DAM AND RESERVOIR

As Steinhagen l ake and Sam Rayhurn  Reservoir  represent the  major  por t ion  of o u r a q u a t i c  plant
cont ro l  in the dnstr i ct . this section will indicate briefl y characterist ics of the projects and the i r
i n terrelat ions of operations.

B. A. Steinhagen I .ake. svh ich wits comp leted in 1953. has a surface  area of 13 .701) acres. It is located
on the Neches River:  hoss ’ever. the Ange l ina enters the Neches fo rming  a confluence and conf ’Iuent area
at the nn iimediate north end of this  t ake. Steinhagen Lake isa shal loss lake ss i th  an a ’serage depth of 6 It
and s’s i th only 2-f t  vertical mean sea level elevation between the top of its consers ’at ion pool elevation and
the top of its dam before oversp ill .  The combined N eches-Ange t ina River Basin is one of th e most
so luminous  floss’ sy stems in the state. Since we hase a relat ivel y small and shallow lake handl ing  some
large inf ’Ios’s s. consistent regulation of the dam gates is necessary . To fur ther  point out the necessity fo r
consistent gate changes is the fact tha t  Sani Ra y burn  Reser soir is located only 25 r iser  miles upstream
on the Ange l ina River ,  [h is  reservoir comp leted in 1965 , has a surface area of ’ 114 ,400 acres , and makes
releases for skater  conservation , flood control , and h ydroelectric power generation. All these releases
must be handled by Steinhagen I .ake . plus the normal floss’s on the large hut somess-hat sluggish Neches
Riser .  [oss’n Bluff  Dam-B. A. Steinhagen I.ake . by v i r tue  of it s small sizeand oper ational pr ocedtnr e for
water releases ssi th Sam Ra vburn Dam has been termed a reregulat ing dev ice or ’~surge tank ”  to handle .
receise. and discharge as soon as possible the various inflows mentioned.

Sam Rayhurn  Dam and Reservoir . being much larger than Steinhagen t ake, is moire stahil i i ed
re l a t i se  to ss’ater- level changes. It ss-ould take many day s of heavy rainfal l  and or discharges to effect a
si gnif icant  water-level change. Likewise, water releases for hydroelectric poss ’er generation and skater
consersation are not part icular ly dep leting at any one time.

Conversel y, Steinhagen i.ake. since its first ful l  impoundment . has been nearl y dry seseral t imes. It
has not been as subject to debi l i ta t ing  loss’ elevations since Sam Ra y hurn  was constructed: hosseser .
there i s a  degree of erratic flows as occasioned by Sam R a v h u r n  releases. ( i enera l lv . Steinhagen l ake
f luctuates  2 to 3 ft  below the t(i p of the conservation pool and hack up: howes’er. there is a hi gh f requenc y
of such changes.

Steinhagen l ake also has numerous  underw ater  mud flats located in the t i or thern  half  of the lake.
[hese flats may have possih l~ provided it stepping stone fo r  the movement of a l l i gator s’s eed f rom the
marsh y  confluence area outward into the lake proper. As these m ;its  gresv . t li es extended la tera l l y
appreciabl y . ss it h the end result of a convergence of mans mats closing in the  ‘svaters ’s itys in th i s  section of
the lake.
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OTHER AQUATIC CONTROL DEVELOPMENTS

l’he a ll i gator ’s’s’eed flea beetle was introduced into Steinhagen I.ake in 1967 by th e I exits Parks acid
Wild l i fe  [) epartment and the U . S. Department of Agriculture.  M v f i r s i vear here I d i d  ‘see man s tif the ’
hee~k5 in sarious growth stages: however, they were quite spotty in d i s t r ibu t ion .  Many  of them s’sere in
the sloug h areas. Howeser . you could see good attack on (inc mat of al l igatorweed . and t hen a less feet
away another mat would he relativel y untouched. So their introduction ha’s augmented our control , bun
the major emp hasis is still on the chemical use of 2.4-I). Why the beetles have not developed to more
abundance we do not know. Possibl y cooler weather or fluctuations of ’ water elevations ss-herehv
developmental stages have been covered and drowned by the rising water may be the cause.

The second des’elopnient that was tried was a lake drawdown. For many years , a request ‘s ’sas p laced
ss’ith the [.oss-er Neches Valley Authority, which is the state-approved Water Rights Permittee for skater
reteases(resources) f rom the two reservoirs. In all cases the request was turned down. However . recent ls .
we finally did receive their approval. The drawdown was p lanned for erosion control , dam repair. and
hopeful l y a winter kil l  on aquatics , which did not work out. The first problem encountered ss-as that  ss-e
could not keep the skater elevation down to the desired level because of operational releases that had to
be made from Sam Rayburn and also rainfall in the Neches watershed upstream. A tot of comp laints of
floodtng and some property damage were received downstream from property owners , Encroachment
of pri vate owners into the flood plain below the Sam Rayburn and Town Bluff Dams has occurred oser
the years , and these were the peop le who comp lained. An attempt to discharge to get back doss-n to the
desired level was abandoned.

Other complaints were raised from hunters, fishermen, and peop le interested in the ss-ater -oriented
recreation. Complaints were received by telephone and mail , including congressional inquiries.  Banks of
the Angelina Rivercon sist ofa sandy alluvial-type soil that is hi ghly erodible. When any large amount  of
bank is exposed on these drawdowns , the pressure created by a fast drawdown of the hydroelectric
power turbines at Sam Rayburn Dam causes large amounts of bank to sloug h off into the riser ,  One
presidential and many congressional inquiries have been received from property owners along the banks
of the Angelina River. Whe n powe r is made dail y. there isjust not enough time to reduce or stop this type
of erosion.

The main point is that if the reservoir were the only reservoir on the ri ’s-er system , the drawdown
might have been comp leted. However , when it has to contend with upstream reservoir operational
discharges and comp laints of bank erosion and damage to properties . there is just not much heads ’s as
toward coordinating a successful drawdown for any length of time.

FUTURE

In the near future , we are thinking about purchasing and fitt inga boat equi pped for handl ing insert
emulsion sprays . underwater app lications of li quid formulat ions ,  and granules. ‘I’ his hoat ssould he
centrally located at one select project and he available for use by any of the reservoirs for treating aquatic
ss-eeds. [his would be particularly adaptable for t reating the several reservoirs where ss’c are beg inn ing  to
get some si gnificant growths of submerged aquatics . notabl y watermilfoil .  It would probabl y not he
used am Sam Rayhurn or ‘(‘own B luf f  except (‘or some maint enance tou chup af ter  the state  ereo’s s ha ’se
finished.  We wilt he discussing this  wi th  the t e x a s  Parks  and Wi ld l i f e  l )epartment and sol ic i t ing th e i r
hel p about the proper equi pment needed b r  the  oh. Ott r cert i f ied reservoir ranger personnel s ’soufd
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unde r t ake  the ss ork ,  I he pr ogram . i f  in i t iated . s’s ou ld he I o i l y  coord ina ted  wi th  the I e\as  I’a r k s  and
W i l d l i f e  I ) epa r tmen t  and the I ex:is I ) ep ar tme n t t  oil -\ g i ’ i e u l t t ire.

NEEDS

One need Is to h a se our author i t ies ,  i f  ~tt al l  pos sib le. red titg an t s  mc ’s’s I - k  ott t he  Federa l  A q u a t i c
P fa n t  Cont ro l  Progr am for  Operations such that  the re ’s ies’s period s ’soi t i fd he out of the  s ’sas and the
o f f i c i a l  ER signed and read s in the  spring of the y ear. ( h o ’ s, if there are i n s  nes’s or c r i t i c a l  a m e n d m e n t s .
Operations s’sould he ass-are oil ’ t hem and wri t e  them into  the contract ,  if  necessar s -

A n o t h e r  boon to Operat ions  peop le ssoti ld he to has-c an off  icn ~i l re port f r o m  the  1’ I’ -\ on t he s t atu s
o il herbicides . par t icular l y  in the aquat ic  envi ronment .  I here are so man y  d i rec t i s  c’s . bu l l e t in s ,  and

s’s r i teups on th is  and tha t  chemical tha t  it does get confus ing .  An oil I nc n a l b i a n n u a l  report (if t h i s  na tu re
s’sou ld he desirable. Al s o , a composite report a t tending  the  chemical sheet l i s t ing  pe r t i nen t  l i t  r e co rd ing

Feder al Register requirements  and regulat ions for  herbicide program s w o u l d  he a big b o om , as these

reports scent to get scattered about . or because the i r  vast numbers  seem impenetrable .
[his question of treating aquatic envi ronments  ss’ith chemicals is a real hes i tant  one. “s\ e need to he

i n f o r m e d  and supplied w i th  o f f i c i a l  arid its up—to—date  material  as possible. and th is  supp lemented as

soon as possible.
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AQL ’ 1% 1’I(’ P 1 . A ~~’I’ ( ‘ON ’I ’RO I . I’ R O (; R ..tM I~\ i’IIF ;
SI ’ . 1’..U ’L 1)IS ’I ’RI (” l ’

hr

I ) . F ,  W adle ig h*

.‘\ Imhoug h t he North (‘entr al  I )i ’s isb n has been as’s are oil the Aq uat i c  P l an t (‘ont ro d I ’ r ong r ~int  I or
some t u n e  and hi t s made a t tempts  to i n s t i t u t e  the  pi l lg tan . n nins i  of these  a t t e m p t s  h a ’ s c  died or l~i ck oI

local interest.  In most eases the supp ly of sk~i t e r  bodies sui table  f o r  recreation ) or other uses ha ’s ex ceeded
t he demand to ) the extent tha t  problem areas could he avoided.

[he inland lakes are most numer o ius in the glacial ou twash  areas along t h e  sou the rn  ed ge of t h e
Great l a ke s .  t h i s  L ake area is on a hand se ’sera l hundred mite s w ide stretchin g f r o m  no ir ihern  \ l tnnc ’sot a
around I .a ke Superior . across n o ir thern Wisconsin. throug h t he Upper Pe n insu la  of M i c h i gan .  and
across the northern h~i l f of the I .os ’s-er Peninsula.  Wit h increasin g de se lopm c :’t  and pressure fo r  s ’satcr—
based recreat ion . hunting.  and f ishing,  lakes that  have been inaccessible or unu sable in prior sears  are
now needed to meet the demand. Some state  legis la ture ’s. Wisco nsin ’s l o r e x a m p le. hase rec ogni ied th i s
problem as well as the problem oil ’ lakes becoming eutrop hic and hase created ‘state progra m s to deal
w i th  them ,

In the Nor th  C’ent ra l  Division . the St. Paul L) istrict has the most act ise A q u a t i c  P lan t  (‘ont ro l
Program , so I ss -oufd l ike to l imit  the rest of t h i s  presentat ion to our effor ts .

The problems most often brought to ) our a t tent ion  in St.  Paul deal ss’ith takes tha t  are exper ienc ing
recreational pressure and becoming eutrophic  or overgro w— n s s i t h  rooted a qua t ic ~. I bis app lies also to
reservoirs. ‘[‘he problem vegetati o n is u sual l y  blue-green al gae (aphoni / omin on)  and the subme r gent
rooted aquatics (potumogetons , val isneria . and ceratop hv l l um) .

Public at t i tudes throughout  the district s trong ly f ’avora  solution other than  the use of herbicides. .  In
fact , in one problem area un der  study , the use of herbicides orchemicals  of any type is s t r ic t ls  forbidden
by local ordinance . ** As a result , most solut ions proposed are mechanical or biolog ical.

As our in ’sol vement  in the progritm is only recent, any discussion of kinds  and magnitudes of
problems and potential solutions must he ‘sers l imited.  We expect to draw - qui te  heas il y (in research ott
bio log ical control being done at the Univers i t y  of Minnesota.  Freshwater  Biolog ical Research I n s t i t u t e ,
and on mechanical and biolog ical control  research at the I.in ivers i t y  of Wiscons in .  ‘s ’s-h i ch is w o r k i n g
under contract with the Wisconsin Department  of Natura l  Resources. In land  l a k e s  Rcne ’s ’sa l P ro cra m ,

The Freshwater Biological Research I n s t i t u t e  is involved in basic research of the cell dis ision
pn’ocess in blue-green algae. Recent f indings  indicate tha t  the reproduction process oil blue- green al gae
most closely resembles that  of bacteria and that  in the reproductive process an en/yn ie ex i s t s  th a t  is
uni que to blue-green al gae and certain bacteria. It is ho ped that  a means can he f o u n d  to slos’s or regufa te
the growth rate and the reproduct ise  cseie of ’ blue-green al gae by mani pu la t ion  of th i s  en/y tn e .

The most significant advances made b y the St. Pau l [)istric t have been in es tab l i sh ing  cooperat t ’se
adminis t ra t ion of the programs in Nor th  Dakota and Wisconsin ,  Nor th  I ) akota  is best tern n ed a “ s ’sater-
poor ” state because it has few natura l  lakes. ‘rhese tend to he concentrated in the noir th-centra l  and
cen t r al portions of the state. Most of the bodies of water in the remainder of the state are resers oir ’s . Of

(‘ is ml t -ng i neer .  t ’I~in tnm t mg Bran ch ni i l ie t :ng t f l ee r l t lg  t io i s i on . t - 
S ‘su i t s  I - ngtt lcei t i~~i i~ t .  Si Pa t t I, St u l i l l e ~ , ’ l , m

t he  Red t ake Band Ill (‘hippena t l u l I u a n ~ does non aII,io nI t ~ use ol ~hetnlc,ll ’. m l  i t ~ n spe itt \ o a t e i ’. o t t l imi t  t he I~ ’~i I
t nt ] iat m Reset’’. ~tt t OOl 5’. itliooii a pe t ’ t t t l i  -
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the approximatel y  200 takes in Nor th  l) akota  wi th  si gn i f ican t  recreational use ti m p o ten t i a l . about 30

hase some type of p lant osergro wth or accelerated eu t roph i c a t io n n .  Wo rk us cur ren t l y  under  so as no

prepare a “Plan oil Approach” in cooperittion ‘s’s i t  h the N ort  Ii I )akot a (j an ie and I - ish I ) epar tment .  I his
document ‘s ’ s- ill describe the problem areas . iden i t u f y  ~ire as t h a t  mar ’ q u a l i f y  fo r  the Aqua t ic  Plant  (‘ont ro i
Program . describe the type and detail  of ’ i n f o r m a t u o t  a ’s a i f ab le  and the s’s ork needed to implement  the
program a nd co n tro l meas u res , and moist imp ortant . establish a pr ior i ty  progr itm b y wh ic h these
problems s’s i l l he addressed.

Besides the ohvuo u is purpose of improving the state ’s recreational resources . Nor th  l ) ak ota  hit s an
additional interest in pursuin g the program. Some reservo mirs are experiencing problems sooner than
they ssere expected. If N orth [)akota is to increase its suppl y oi l surface wa te r  f u ~ recreati on and other
purposes , additional resers our ~ are needed. Failure to) attain expected visi tor  a t tendance  at ex i s t ing
res erso ir sites because of eutrop hication or weed condi t ions reflects on the re l nah i l i t s  of a t tendance
estimates for  other p lanned lake de ’s ’clopment s. Also . succes.sf ul control operations at  ex is t ing  rcscrs oirs
could be adapted to pending or proposed reser soir s .

Wisconsin . on the oither hand , has a rich na tura l  resource in its numerous lakes and stream s , 1 he
Inland L.akes Renewal Program was estahfished to rehabil i tate  degraded fakes and. if possible. pre ser ’se
the conditions of others not yet in dangero l ’ infestation. One interest ing aspect of the progra m isa s t rong
state-local partnershi p approach. Althoug h the program provides technical and so imetnm es f inanc ia l
assistance , lake protection and rehabil i tat ion must he init iated and carried out at the local lesel hr a
Lake Protection and Rehabilitation District.

In cooperation with the Wisconsin Department of N’a tura l  Resources . a “Plan of A pproach ” us
being prepared similar  to the one in Nor th  [)akota. The document  wi l l  i d e n t i f y  problems in wh ich  the
Federal interest and the state and focal resources most closely dovetail  and make fo r  the most eff icient
use of the monies available.

As I mentioned earlier , the St. Paul District is ness- to the program ,  and sse have much ) to learn about
how this  au thor i ty  best serves the needs of the  people in otnr d is t r ic t .  Close cooperation wi th  the states

appears to be ss-orking well and will  be pursued. Any comments . sugg estion is. or he hp f ’ t n l h in t s  would he
appreciated not only by the St. Paul District but hr the other distr ic ts  in the  N’oirt h (‘ent ral  1) n s i s t o n
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AQt ’ AT I ( PLANT (‘ONTRO L A ( ’T I V ITIFS — O H JO RIVER I) I~ ’IS J ON

by

(‘ . W , (‘re’s’ss*

INTRODUCTION

I he Ohio Rise r  l ) n ’ sus r on  includes all or parts oif 14 s ta tes:  New Y ork .  l’ennsy l san ia .  \I ars land .
Ohio . West ~‘irg inia . Indiana.  I l l inois .  Kentucky.  ‘ I ennessee. Virginia . Miss iss i ppi. Alabama.  ( ieo nrgia.
and N orth Carolina. Four districts are included in the Div is ion:  Pi t tsburg h . l . ouisvi l le .  H u n t i n g t o n . and
Na shvil le  (Figure 1).

[he N a sh ’s nI le District , of which I am part .  us fo r med by the basins of t w o  major  r i ’ s e r~.. t he
[ennessee and the Cumb erland . ‘[he Corps us charged wi th  the full skater resource development of the
Cumberland River Basin . ‘I b is 17 .900-square-mile area is located in port io ins  of I ennessee and
Kentuck y .  I he tennessee ~- ‘ a l le y A u t h o r i t y  has the pr imary responsibil i ty for  the o sera l f  d e ’se lopm ent
and operations in the Tennessee River  Valle y .  ‘I ’he (‘orps is responsible for all navi gat ional  matters  in
this area.

Con ’npl eted so far in the Cumb erland River Basin are eigh t mult ipurpose project s  wi th  rese i ’st t i

all of which have hydroelectric power ins ta l la t ions  and four of which have navigation locks. One other
multipurpose project has been impounded . hut the hydroelectr i c power faci l ities are not oper ~ntio rnal to
date. A ‘ Plan of Develo pment ” f ’or ti le Cunuher tand River Basin is available ott request f ’roni t he t , S.
Ar m y Engineer District . Nashville.

BACKGROUND

‘rhe Nashs ’ille District (Cumb erland River  Basin)  has not experienced any majo r problems w i t h
aquatic macroph ytes. The only si gni f icant  aquat ic  p lant control program that  has been conducted
consis ted of app l y ing 2 ,4— D to ISO acres of water l i l ies  ( .Vi’ iupha ea odor ata) . These areas tha t  s’sere
treated consisted of several shallow ponds tha t  were flooded a l t e r  the  i m p o u n d m e n t  oil tine of our
reservoirs. A 10-year chemical control program that  was  discontinued in l96~ sta hi l i i ed and co introl l ed
this infestation.

CURRENT STATUS

There are small infestati ons of aquat ic  n iacrop hytes such as s ’ sa te rmi l f  oil ( hI ir i op h i- i/u rn sppi .
all i gatorweed (Aiternan ihera phi / oxeroido’.s ) .  so llow’ss’eed ( Ju,’st ieia anno’rio ’ana). cat ta i l  ( it -p /ia sp .) . e t c . .

in numerous areas throug hout the Cumberlan d River  Basin. 1-lo i weser .  the  ma jo r i t y  oi f these af fec t ed
areas remain stable and are not a problem.

Recently there has been a slig ht increase in the si/c oif a fe ’s ’ . in fes ted  areas near sonic commerci al
marinas and recreational areas on one upstream storage proj ect. No act i se control pr ogriim has been
ini t ia ted to date. Plant survey s have been taken and the a ffected areas are being monitored in oirder to
determin e the extent and nature of this problem.

()utd ,,m ,r i tecrea itt ,nt b’ la nnnei , Rec r ean i , , r t—Resm , t t i cc  \l.l ’Ltlietit~ t t t  i 4 r , i t i ~~!i, I - S Si  1 1 5  I itCIik’ L’i t 1 1 , 1 1  \ , i s l i s i t i ,
,, ’I eflr tessee
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I i nu re I .  Four  dj O r j o ’t s ii th e Ohio Ri v er  I ) n ’.’ i st oti

The commercial marina operators in th is  area fear  t ha t  th i s  increa se of aquat ic  nn a cr oph ~tes w n l l

result in an economic loss to them. They are fami l i a r  w i t h  the serious pr oiblem that  the rennessee Valle y

Authori t y  has encountered on some reservoirs in the Tennessee Riy er  Basin.

Al thoug h no extensive stq dy has been conducted on aquatic pla nt problems or reasons for the tack

of probl ems in the Na shville [) istrict. I fee l tha t  the method of reservoir contro l  oper ittuons t s ’sater- leve l

f luctuati ons.  etc. ) and the terrain contribute greatl y to ) th i s  factor . ‘rhe difference s in aquat ic p lant

proble ms in the two basins in the Nashvi l le  [) i strict have not ,  to mr kn owledge . been studied in detail.

I’erhaps this  would make a worthss’hile research project that w ould provide some useful i n f o r m a t i o n  to )

all concerned.

36

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

- .- -,  -‘ ‘-‘ -- - p
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



,,

SUMMARY

‘[he aquatic plant  cont ro l  a c t i s u n u c s  conducted in the Nashvi l l e  I ) is tr ic l  tha t  are o itui l ined abu se
generall y reflect the osera l l  condit ion of the ( ) h u o R i se r  l ) ns isuon.  I he l . o iu i s ’s  n i le .  H u n t i n g t o n .  and
P i t t sburg h l) ustr iets  base not been required to in i t i a t e  ant s’ si g n i f i c a n t  aqua t ic  plant  control  operat ions .
chemical , mechanical , natural is t ic , or h i o i l o guca l .  I he H un t in f . t (i n l ) i s t ruc t  has experienced a n i unor
problem ‘ss in h gr o i wth  on t h e  lagoons ol wastew -a t er  t rea tment  fac i l i t ies .

As vet  soc have not had time to ) feel the effects  oil the Federal Insecticide. Fungic ide .  and
Rodenticide ,‘~ct (in operator cert if icat ion and licensing. H o p e f u l l s .  t he states so il l  respond to )  the needs
of the Corps and other agencies in establishing sui table cer t u l iea tuo i n  and licensing programs for
noncommercial applicators.
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AQUAT I C PLANTS—SO U TH AT I AN T I ( ’  DIV I SIO N

by

.1. .1 . Ra snes *

,.\ large part of the aquatic plant problems occur in the  South At lan t i c  I ) is is u on ,  \lo st of those
problems occur in the State of Florida. A brief h is tor y of the program seems to he in order at thus  t ime.

In 1896 . a Mr. Cril l from P alatk a .  Florida . pet i t ioned Congress f o r  hel p w i t h  the na ’s ugatu o n
problem created by the large masses of waterh y ae in ths  on the St. Johns  Riser  An tha t  t ime (‘ot ngre ss
requested the Corps to inve stiga t e the problem.

As a result , in 1899 . Congress authoriied the removal of so a te rh sa cunths  in the nas ugah l e waters of

Florida and Louisiana. It was later extended to include Alabama. Mi s st ss ipp i . and 1 ex as
‘t he forerunner  of the present (‘orps program. know n as [he Expanded Protect  fo r  Aquat ic  P l ant

Control , was ini t ia ted in 1960. It was prompted by (‘ongressional recognition that  2. 4- I )  herbicide
offered a practicable solution to combatt ing aqua t ic  weeds , pr imari ly  ss ’aterhvacunths .

I t  svas applicable to only the eigh t states in the Gulf and South At lan t i c  Statc s~ i.e. Tc~ as. Louisiana.
M ississi pp i . Alabama , Florida. Georgi a, South Cai’ofin a . and North ) Car ot in ia . T h e  l) ro b lCnti are :is in those
states are belo w the fall line which runs generally fron n south Texas. throug h north and central  Louisiana.
mi ddl e Mississip 1)i , no rth central  Alabama. nortt i cen tral  Georgia. and middle South and North (‘aro lina.
In I 5) h 5 Congress revised the proj ect to in ’uclude the 50 States of the United State :, .

I n t i t i a ! l v . the Coirps was concerned svith w ’aterhvacinths as the only pro blem p lant .  B’s 1960 . the

C orps reco ignized that  a ll i gatorss’eed was the second most impor t an t  aqua t i c  weed of concer n . In  1964 .
considerable emp hasis was given to) Eurasian ssa t ermi l f o i i l  a5 the next problem plant  th at  exh ib i ted  the
most po itential  for becomi ng a tremendo ius problem. I ’his did not materua h i i e  a l tho ug h it is a ma j oir

proh lenu in cer tain localities. I’oday s’se hase a special coincern fo i r  the h y d ru l l ~i . w h i c h  ‘soc he iu e s c can
gross almost any w here in the United States. Man y in the State oil 1-loirida and clseso here he h iese it

represents ~t greater threat  than even the ss’ate rhvacinth .  Spec ific problems in the di ’s snon s’s i l l  he
discussed by representatives fro im the distr icts  in our division.

We svould he remiss in our total p lanning if scedo not emphasize the po int tha t  the ‘stile elf ort of otni
research is to provide operational  results for use in field appl icat ions.  Research must  t ake  u n t o

consideration restrictive regu latioins . obj ectives , and interests  o f  othe r Federal and state agenc Ies
It is interesting to note that 10 years ago we were discussing the use of ch arged p art i c le s  as a mean ’s

of enhancing our chemical co intro l .  Now’ the Agricul ture l)ep~tr tme n t  at the I ‘ nuse r s i t s  of ( l eorg ui i  h its
come up with th is  approach . It is hoped that  WE S wi l l  fo l low th is  up.

We must stress the necessity for ness approaches that  would  he most p r o d o u c t i s e  in l ead ing  to t
operatio nal techni ques tha t  can he put  into )  practice ra ther  t h a n  c o n t n n ou l n g  re search fo i r  ne se arch ’s sa ke,

Someone said s’se ha t e  the questions hut not the answers :  soc s’s oiu ld l ike tor  re seau ’ch to g ise on ’ s t he

answ ers before we are inundated by the pro thl em.

I S Si vi’. i tiglneer i)i’. u s u u t n . Sm ’oi ih  ‘ s n l a n n i c , t t I ~u t t i a .  ( i e l ’ t ~ ’ l m i  
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\ 1, .1. f uh i t n t k s *

INTRODUCT ION

.-\ lth ough the Mo bi l e  l ) is t ruct  does not hate the widespread aquil ine weed problem of some of the
othe r dus t r i c t s . we do i fee l th a t  we have made eo n t r ihu t io i ns  in the  i tqua t nc  p lan t  f i e ld . On .I u l r  9. 1 91) 1 . i t

was  \la~or V~ i l h u a m n  Roi s se l l  ol the Mobile I ) u s t ru c ’t so ho f i rst reco ignuie d a l l ugato i rweed as a “serio us
ob st ruc t i on  to na ’s ng a tuon  and wra ina ge  in the Mobi le  R i s e r  and i t s  t r i b u t a r i e s ”

t he Mobile  District encompasses portions of six states ( l .ouis iana .  Mis s i s s ipp i  . A l ahama.
t e nnessee. Georgia . and Florida) containing seven major ri ’s-er hasins (Apalachicola-( ’hatt ahooche e-
Flint . (‘hoctaw hatchee-Perdido , Escamhia- (’onecuh . A lahama-( ’oiosa . Black War r io r  and I ombi g hee.
Pascagoula. and Pearl ).

t h e  most concentrated area of aquatic p lant problems in the district is l ake Seminole , and the
Resource Manager . Angus Gho lson . wil l  go into detail concerning this  s i tua t ion.  Elsew here in the
soiuthern portion oil the distr ict  major problems occur , pr imar i l y  in Florida and l ouisi ana.  W a ter
chemistr y  and ph ystcal characteristics of many of our streams are not conducise to trouh l esoime aquat i c
p lants.  Other waters of our district hate  ideal condit ions for aquat ic  p lant  gro ’s ’sth ( ‘I able I ) .

Waterhvacinths remain the major aquatic problem plants  in the Mobile t ) is tr ict . w i t h
approximately  72 15 acres. Fl orida heads the list  w i t h  3515 acres. follo ss’ed by l .ouisiana w i t h  2100 acres.
l .ake Seminole has 800 acres (Lake  Seminole itcreages are not included in the state acreages) ’. A lahama.
500 acres: Georg ia. 200 acres: and Mississi pp i. 100 acres.

Eurasian w’aterm il foi l is the second most pre salent  problem aquat ic  plant (9000 acres). Lake
Seminole has 8000 acres: Deer Point Resers o i r ( a  water  supp ly reservoir for Panama City . Florida ) .  700
acres: and Alabama (M obi le  Delta and Millers I-err s l a k e  (in the Alabama Rise r ) ,  an estimated 300
acres. Moire surse y s are needed for  th is  p lant.

Giant  cutgrass us the third most prevalent: how eser . the onl y area sur v e sed is Lake Seminole w i t h
4500 acres of this  troublesome p lant.

Hvdri l l a .  a l though ranking fourth presentl y . show’s the bi ggest increase over the last r ear.
Current l y , there are about 2000 acres ( 1000 in l ake Seminole. 1000 in l ,ake .I ackson . and I in l.ake
[‘al quin .  Florida).

Other problem p lants include all i gatorss’eed. waterpr imros e .  duckweed (Sp irodela sp. ’!). hu,’eria
o/en,s a. naiads . pondweeds . cabomba . coontails , hl add erwort i~. wa te rmi l f ’oi l . water l i l ies . lotus , and
watershue ld.

Co intro l  operat tons under the Operation and M a i ’~t enan ce program are per formed at l ake
Seminole. Demopo lis Lake . and coastal Alabama . Mississ i pp i . and l ouis iana .  l.ake Seminole us not
addressed in this  paper . as Mr.  (iholson wi l l  co’s-er ac t iv i t ies  there ,

Woirk on Demopo fis Lake is confined to occasional mechanical  clearing of boat ramps front
alligator s ’seed mats. Spray crews from the Mobile Area Ollice treat ss’ a terhvacinth  t rouble  areas n’ua in hr

It ‘Iou,’ ‘.1, 1 r t ’ . i r , , n t n i e n l , u I  Qt u al tn s Seci l , ’n , I S -\r t 1i~ t n n g u t n e e t  I ) i~n r u c n .  \ to I r i le , \ I l u h , u i t i , u
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Aq uati c Plant ~cre age’s for (ti e \Iohik I) i ’stri ct

I’;ura ~p ian
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I ou i su ana  2 11 1( 1 * * I )

M i s s i s s ip p i  l OO** * * -

\ l . ih~u una  511(1 31 ) iI ** *

( i c o i i gu a  2t ) t ) ** * * I i

l’lo rio i a I S  “ ( I I I  * 100 1
l : u  ke Sem inole 1<00 1<1(0( 1 45(1<)  I ( 1 < 1 < )

I o ta l  7 2 I 5  9( 1< 11) 45( 1)) ’ 21 ) i J I

* N eed s sum’s c’s .
** E st i t ua te :  not s our ’ s cr ed .

Rcp o irt cd bout n oit  eo in f urn i ed.

in the Mobile Delta and occasionally in coastal Mississipp i and l.ouisiana. l ast season ther treated

approximately 500 acres in the Mobile E)elta and about 50 acres in coastal M ississippi  ( B r ic k va rd  Bar ou

and at Pear lington) and adjacent Louisiana. Spray ing is done f r o m  flat-bottom boats equipped with
boomless sprayers .

Four control programs are current l y  carried o u t  under the 1965 law ’ ((‘oo per a tn se  Progr am) in the
Mobile District , and two more are ir u the p lanning stage.

The cooperative program iui  Louisiana is between the Louisiana Wild l ife and Fisheries

Commission and the N ew Orleans District. Fu ndi ng forthe portion of aquat ic  p lant cointrol sso irk in the
Louisiana portion of’ our district is transf’erred to) the Ness Orleans E)istrict for payment to the state.
Outboard powered. flat-bottom boats with hoomless sprayers is the mode of attack used in t ,oiuisiana .

From July 1975 to) June 1976. they reported spraying 1137 acre s of ss’aterh ’ac inths .  A present.

app licators are waiting for imp lementation of l,ouisiana’s pesticide certification plan. Waterhvacinth
w’ee’sil releases are planned for next growing season.

[he State 0) 1 Mississipp i has never imp lemented a statewide cooperative aquatic plant control
program. W e  are currently ss’orking w’ith the Mississi ppi Marine Resources (‘oiuncn l for a coop erat u ’se
program to encompass its area of jurisdictioin in coastal Mississippi. I ’he init ial  target plant  ‘s ’sould he
w-aterhvacinths s ’sith possible expansion to Egeri a and waterprimrose problem areas , I ’he spray crews
wil l  he expected to abide by appropriat e Mississipp i cer t i f icat ion procedures. In addnt i on .  m eld te sts  w i t h
the so at erhyacinth weevil are being conducted at Brickyard Bar ’ou h~ the Mobile I ) is t r nc t . the
Watcrs sass  Experiment Station. and the Mississipp i Mar ine  Resources Council .

Alabama also has no statewide program. Curren t l y . we have a contract wi th  the .le f tersoin (‘ount s
Commission that was developed for duckweed (Sp irodo ’/a sp. ’?) control in the Black ~ ‘ar rn or  R i se r  and
tributaries.  [he program is not currently active and is not expected to change. In 1975 . appro xi mat c ls
225 acres of duckweed were sprayed w i t h  a Di quat- Cutr ine  Plus Invert  Emu l s ion(EP , ’\ Exper imenta l
Permit No. 35944-EU PP- I ). Also , systems were used to mechanically remove the duck sseed Al l results
were temporary.  We are currentl y work ing  toward a cooperat ise program w i t h  P ike  (‘oun t y in
southeast Alabama f ’or waterhyacinth control in the headwate rs of the C’hoctawhatchee River .  I hi ’s
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hyacinth problem stemmed from a breached dam wi th  a pond completely covered wi th  wat erh ~’acinths
and subsequent downstream infesta t ion.

I lie s tatewide cooperative program l oir Georgia is discussed in the Savannah l ) i str i ct  report.
H oweser . we ha ’sea  eoop cratuse program w i t h  the (‘rus p(’ountv  I’ower(’ ontmission for  w - aterhvac inth
control on their Lake Blackshear located on the 1-lint River  near (‘ordele . (ieo rg ia. About l Ot) acres
were treated th is  last growing season. An outboard powered , f la t—hot ton t  boat w i t h  a hoomle ss spray er
was used.

Funds  are transferred to the Jacksonvi l le  District fo r  the cooperative pro igra m w i t h  the Florida
l) epart n ient  of Na tura l  Resources fo r  work  performed in the Mobile District ’s portion of the state.
-\ urh o ats  are normal l y  used for  spraying the hy acinths  a l though occasionall y app licat ion is by spra~
plane. I hrough August 1976. th ey had sprayed 2334 acres of hy ac in ths  in the Mobi le  l) istrict
(pr m nc u pa l l ~ in the .Apa lachico la Ris ’erdraina g e) .  l’hes’ are a l sodoing ’svork  on Lgeria , /i~’drilla , cow, iiLies ,
as wel l  as many other plants to a lesser degree. Waterhvacinth weevils and white am u r  research
programs are beong monitored. l’he spray crew-s are currentl y undergoing examinatioins (‘or state
cert i f icat ion.
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AQUAT I C PLANT PROBLEMS , LAKE SEMINOLE
U. S. ARMY CORPS OF ’ EN cJ IN EERS

by

A. K. Gholson , Jr. *

LAKE CHARACTERISTICS AND CLIMATE

l ake Seminole was formed by the Jim Woodruf ’f l)am . which was desi gned and constructed by the
U. S. ,Arn t y Corps of Eng ineers across the A palachicola River , northss’est of Chattahoochee . Florida.
[he dam us located immediatel y below the union of the Chattahoochee and Flint Rivers . which  form the

ts ’so principal  arms of the lake. Spring Creek and Fish Pond Drain , two secondary arms of the lake .jo in
the Flint  River approximately 6 miles above the confluence of the two rivers. The west end of the dam is
located in Florida and the east end in Georgia. Approximately two thirds of Lake Seminole is in (;eorg ia
and th~’ remaining one third in F ’lorida. The dam was constructed primarily for navi gation wi th  the
asai lable head to he used to produce hydroelectric power. At normal poo 1 elevation , 77.0 f t  mean sea
le ’sel (msl ) ,  the fake has an area of about 37.500 acres , extending about 50 miles up the Chattahoochee
Riser  and 47 miles up the Flint River, The lake has a shoreline of 250 miles. The shoreline mileage does
not include the numerous islands , both large and small , located in the lake. Excepting the old riser run
areas , old sloug h and pond areas , and creek channels , a large percentage of the lake is 7.0 ft or less in
depth , basing extensive areas too shallow for use of flat-bottom boats propelled by 10-h p outboard
motors or larger. l ,ake Seminole was impounded in steps or stages as features of the dam and the lock
were completed. A partial umpoundage was begun in March 1955. The pool w’as allowed to rise onl y to el
65.0 ft mid , which occurred during the first week of A pril of that  year. it was then held at about that
elevation unt i l  the f inal  stage of impoundage was begun in January 1957 . The lake was allow-ed to fill  to
normal top pool el 77.0 ft msl in the earl y part of February 1957 . Being a “Run-of- the- River ” ty pe
project , the poo 1 elevation has been fairl y constant ,  sa r ~ ing from about el 76.5 to 77.8 ft msl. After
impoundment  to el 77 .0 ft msl . numerous ponds and l ime sinks in the first and second bott oms (aho se
the ordinary floodplain of the rivers) became a part of l .ake Seminole. A quatic plants  conlm(in to the
area were f’ound in the ponds and lime sinks. Such p lants  presented l i t t le  concern at the t ime since
physical  and biological forces had successfull y kept them in check throug h the years. Impoundment
upset the natural  biolog ical balance and mans oil the submersed . emersed. f loating,  and marg inal
aquat ic  plants of the ponds and lime sinks became sources of infe station for mans’ of the shallow - -water
areas of the lake. The more common of these are listed as fol lo w s:  water l i l y . .Vi’mpha ea oe/o ra(a:
American lotu s . , ‘s ’o ’Iunnho lutea: watershiel d , Bra,oenia ,vehreheri : pondw ’eed. Potanmogo’ton iI/ inoen.si.s :
southern naiad , .Va/a.s guadalupen.ci.s : duckw’eed , IA ’nnna spp.: maidencane. Panio ’unm / io ’f l n i lonn op m:
cow h I s  . \‘uphar udvena: bLudderwort . litri cular ia spp.: cat tai l . Tip /i a I at iI ~iIia and Tip / ia dommingen.oi.s :
banana h I s  . Vu’mphoide.s aquat icuni: wil low’weed , J u.s: ieia anler io ’ana: chara.  (‘hara spp. : primro i se
wi llow - , !i.itht ’ig ia: and smartweed. P oIt ’gonunm spp. Extensis ’e areas . approximatels  IO .O0() acres , of
[.ake Seminole so-crc not cleared of trees and or brush prior to impoundment .  Practic alls all  of the
inundated trees and brush were dead by 1 960. and na tura l  pruning has reduced the re mnaining trees to

Res uvi ur u.e \ l . u r u ,u ger. I ate S,,’itiutiui le. I S t u r n s  I n g u n e e r  t I to yet,  \ Iu,htI~ , t l a h a m a ,
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snags of’ varying height. Waterfowl and fish are attracted to these uncleared areas in great numbers.
Floating-type aquatic plants lodge and flourish in parts of these uncleared areas making control from
boats hatardous and difficult due to submerged stumnps and tall decaying snags, leaving s~’tisf actor

control to be accomplished by aircraft. L.ake Seminole is located in an area that has a mild climate , a

mean temperature of about 68° F. and a long growing season that covers the perio d from about the

middle of March through the middle of N ovember. Althoug h winter temperatures sometime drop below
freezing for relatively short periods , they are generall y not of sufficient durat ion to kil l  or seriously
damage aquatic plants in the lake, in the bordering lowland and marshy areas, and in lake-affected lime

sink areas, which are numerous near the lake between the Chattahoochee and Flint Rivers. Lake

Seminole’s f’avorable climate coupled with the great expanses of shallow , clear water of the Flint River.

Spring Creek . and Fish Pond Drain Arms of the lake render conditions most ideal for alt ts’pes of
aquatic plant growth. Apparently,  turbid water conditions on the Chattahoochee River Arm have
restricted submersed aquatic growth somewhat in this  area. However , impoundments  on the
Chattahoochee Riser  above Lake Seminole and the rather sharp reduction of “row-crop ” farming along
this river will no doubt , throug h sedimentation and the reduction of suspended matter in runoff , help
clear the waters of the Chattahoochee in the future , r endering them more suitable for all types of aquatic
vegetat ion.

BRIEF HISTORY OF AQUA TIC WEEDS AND CONTROL

Impoundment  of Lake Seminole created a new environment with conditions ideal for the
establishment and growth of all types of aquatic plant species. Problems occurred early after

impoundm ent with hyacinth , cattails. parrotsfeather. and the pondweeds infesting 5000 to 6000 acres of

the rich , clea r, and shallow waters. Chemical control ofthe waterhyacintlis during 1958 and 1959 opened
the way for the phenomenal growth of alligatorweed during the early 1960’s. Attempts to control
a lhi gatorweed by use of chemicals produced no satisfactory results, and this plant reached ep idem ic
proportions in the mid-60’s. A small beetle . Agasides ht ’grop hila . was introduced throug h the
cooperat ive efforts of the Agricultural Research Service and the Corps of Eng ineers in 1967 for the
control of al l i gatorweed. This beetle has been most successful on Lake Seminole, effectivels’ controlling
al l i gatorweed. Unfortunately ,  the drastic reduction ofal l i gatorweed by the beetle has made reinfestation
of the lake by the waterh yacinth possible. Introduced aquatic plant species have found the ide.tl growing
conditions available in Lake Seminole most satisfactory. and several have now’ reached major epidemi c
proportions. Introduced species include Euras ian watermilfoi l . Ht’drilla . giant cutgrass. eet grass . and
Lunnophila indica. Control measures used to date include chemical . mechanica l .and biological. Some
measure of success has been obtained with mechanical and chemical operations . Most satisfactor y
results have been obtained with  biolog ical control in the case of al h i gatorweed. —

CURRENT AQUATIC WEED PROBLEMS

In October 1976. an estimate was made on the status , f rom an acreage standpount .  of the major
aquatic plant weed species on or in l ,ake Seminole. Estimated acreages are as follows: watcrh v acin ths.
800 acres: Eurasian watermilfoil . 8000 acres: giant cutgrass. 4500 acres: hsdrilla. 1000 acres: and

alh iga torweed . 50 acres. Over one third of Lake Seminole is now’ infested with aquatic vegetation

creating serious problems from early spring unti l late fall. the operational and recreational porpoises of
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the project are threatened by the following: ( I )  I h e  surface area oif the lake is being reduced by mans
hundreds of acres due to marg inal and l i t toral  p lants. par t icu lar l s  g iant cutgra ss .  (2)  One f o u r t h  to one
thi rd  of l ake Seminole is infested w i th  submersed aquaties rendering smaf l  boat na ’s i gatio n and other
recreat ional act ivi t ies  in such areas practicall y ni l  dur ing  period M ay  -November.  (3) Publi c use of the
project is being restricted by problem aquatics at public-use areas, including concessions , in small-boat

channels , and in the shallow - open-water areas of the lake , (4) I he desired hiofogucal  balance of the lake us
being severel y hindered by an os-erabundance oif problem aquatic s.  so hich . amongother  things . in ter fere
with the necessary predator-prey relation of f ishes ,  ( 5 )  I he public health is being placed in jeopardy by
problem aquatics. which provide ideal habitats for sectors of serious communicab le  diseases , (6) l .ake
Seminole ’s many thousand acres of problem. oir possihie problem . aquatucs offer a sery real soiurce oil
inf’estatioin oil downstream areas, including the rich oyster-producing areas of Apalachneola Bay And
finally, the continued use of the nation’s southernmost major man-made reservoir is in jeopardy due to

problem aquatic vegetation, which presently is affecting (inc third of the lake’s 40.000 surface ssater
acres. The above has not but should pro duce serious coineern within the engineering communit y since

the problem could reduce the effective li fe of the project and the purpose for  wh ich  the protect so-as
authorized and constructed.

CONCLUSIONS

A major resource is in trouble as a result of unc ontrol led aquat ic  segetation. Navigat ion and the
production of hydroelectric power. the purposes for which the project was  authorized and constructed.
are threatened from two very obvious phenomena : ( I )  Water  so lum e is being sacrificed to ) aqua t ic
growth at an alarming rate. (2) The public ’s attitude toward the project and its authorized purposes.
generall y taken for granted. is becoming strained due to the ( ‘act tha t  thei r  recreational act i vi t ies  are
becoming seriousl y hampered b y the rap id spread and growth of aquat ic  vegetation. t h e  aquatic plant
t irob lem is real , and it is serious. A solution to the problem is considered both necessary and imperative.
‘The elimination of aquatic vegetation from the waters of Lake Seminole is not possible nor desired.

Control is necessary and desired. The various tools of control . vi’i.. mechanical.  so ater-lesel
manipulation. biolog ical . chemical , and legal. are to be used prud entl y . econ omically. and in the best
biolog ical interest. Research, continued study. and observation are among the more importa nt  areas of
a comprehensive AQUATIC PLANT CON ’l ROL P R O G R A M .
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SEL ECTI V E M A IN1 ’F N AN ( ’E (‘ONTROL PLAN
ST. JO HNS RIVER , F L OR I I )A

.1 . C, Joyce~

!NTRODUCTION

[he .I ack sonv il l e l ) istr ict  Office oi l the (‘orps oi l Eng ineers conducts ‘ss a te rhvac in th  coin t ro d
operations on the St. .Iohns River  j nde r t w o s epa ra t e  au thor i z a t ions .  t h e  Upper St. .Iohns. Hug hwas 46
to the headw ’aters . is maintained in cooperation wi th  the Florida Game and Fresh \~‘ ater F isf t
Commission under the Aquatic Plant Control Program as authorized by Puhfic l.aw 89-298 dated 27

October 1965. The l.ower St. Johns . Hi ghway 46 to t he r iser ’s mouth  at Jackso ins n i le .  contains a
Federall y authorized navi gation project and , as such, is maintained solely hr the (‘oirps under  the

ori gina l operation and maintenance project for  the protection of na v i gatu o in .  i.e. the Risers  and
Harho rs Act of 3 March 1 899.

I’hr oug ho iut the history of control of the wat erhs’acinth on the St. .I o h j t s  Riser , the Coirps ’

involvement has been both extensi ve and turbulent .  The Corps has ini t ia ted numer ous mechanucal  and
chemical control programs with varied levels of success. Recentl y , however ,  the Jacksonvil le  District
has developed a selective maintenance spray program utilizing the dume thy lamine  salt of 2.4-I) . ‘[his

p lan is designed to keep the p lants at the lowest level of infestation possible so h u e  scheduling operations
in a manner that is consistent w’ith environmental considerations and the public ’s use of the r iser .

OBJECTIVES OF THE PLAN

Ihe  major objectives of this  p lan are to: -‘

( 1 )  Establish a plan of operation and a defin ite policy that  can he underst ooid by o perat io ina l
personnel as well as the general public.

(2) Increase effectiveness of operations by directing t reatment  to ) areas of heaviest infesta t ion , For
instance , sing le plants , very small fringes , or scattered mats of p lants so - ill noit normall y  he spras -ed.

Instead , these p lants will be treated only when they are grouped into ) denser mats  or f r inges  by wind  or
water currents.

(3) Reduce the total amount of herbicide required f o r  more eff ’ectis’e control . ‘\na l ysis oil the
number of acre s of hyacinths  treated over the past 13 years indicate s that  there has been a sharp
reduction in the amount of chemica l app lied since imp lementa t ion oil the p lan.  ~Vh ule  the present lese l of 

-

.

treatment is near the values observed during the 1960’s. the residual level of p lants  current l s  pres ent. as

well as adserse impacts due to the p lant s~. is greatly reduced .
(4) Reduce ci ’s  i ronmentat  impacts associated with the treatment of large uncontrolled mats  of

p lants. such as possible dep letion of dissolved oxygen and damage to ) na t i s e  seg etat io in and f i sh
spawning grounds.

(5) Tailor the treatment to the envi ronmenta l  idiosyncrasies of p lan t  g r oiv.  th and t it o i S  en t ent .  Ott
the St. Johns River . it has been determined that  sections of the r iser  exhibi ted sa r y un g  cap a e i tv to  gros s

* (‘h~et , -\ qi l aiic i’tani (‘ oniir,ii SC ( i l r ~t t ,  t - ‘i ins I- ngifleei I ) ro i  ci . , tac k suui t i  lie. i luur lu l l
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ssat er h ra c in t hs , a nd the a i r  and so ater  currents tha t  control  the m ovement oil th e p lan ts  also 5 ars , t hus
t rea tment  must he tailored to ) account for  i ts  s a ruah i l i t i e s .

( 6 )  .‘\ i l ow f o r  the inite gr a t ioi n of biolo g ical and mechanical co ntrol  mnet hoids in tho se areas wh ere -
thes are best suited. I heJackson vu l l e  I ) is tr i ct  has released , Veoo’hoqi,,aeii ’/,/ ,o r niae at S I  locati ons (in the
St. .John s  Ri s e r ,  t h e  release sites were in breeder—type areas , w hich are seasonall y inaccessible to  spray
Operations .

( 7 )  Increase the f lex ih i l i t s  to sc ftedule operations i i i  comp liance w i t h  established f i sh  and w i l d l i f e
act is i ties and public  use of the r iser  in specified areas.

DEVELOPMENT OF THE PLAN

I he deselopmental processes required for a control plan are basicall y no) dill ere ntt than those steps
titat should he considered in any aquatic plant contro il effort. As stated earlier, this plan merel y tries to
ntore fu l ly  addressenvironmenta l  considerations and public-use patterns of the riser. As noted in Fi gure
I . after the problem area is identified , theen ’s’uronmenta l situation in which operations so -ill he conducted
must  he analyzed. [his involves defining:

a. Existing and potential population level of aquatic plants. Experience has shoison that aerial
survey s are the most ef ’ficient and timel y methods asa i lah l e  to accomplish this  t a sk ,

h. Morp hology of water body, which will  dictate the accessibi lits ’ oif p lants  to sar ioius  control
ntet ho ds.

o ’ . Seasonal and daily trends in streamfiow and water stage. ‘These must be anal~ied in order to
predict the movement and loication of p lants at any given point in time.

ci. Likewise , seasonal and dail y trends in weather conditions.  ‘They also aid in predicting
movement,  location and growth rate of waterhvacinth populations. Seasonal ctimato log ical
info irmatio in in conjuction wi th  data on the p lant ’s life cs’cle is also hel pful in predicting the
o p t i m u m  t ime for and location of operational activit i e s .

e. T he  location of natural  and man-made obstructions , such as brid ges, flood control structures .
and fa l len  trees. ‘These should be know -n in orderto schedule operations such that  these areas do
not become jammed with p lants , result ing in blockages of navigation , reductioin of streamfiow- .
or damage to the structures. Most na tura l  obstruct ions , such as fallen trees , can he removed by
operational personnel: also , when justified. s t ruc tu ra l  modifi cations can he made to ) preclude
the bui ldup of plants at the man-made obstruct ions.

I. I hroug h the analysis of items a throu g h e, the natural  collection points.  As indicated earlier .
max imum operational efficiency can be obtained by scheduling treatment in these areas.

g. As pre ’s ious ly noted. environmental  constraints  and use patterns . st uch as locations of critical
fish and w i ld l i f e  habitat , sensitive crops. navi gation channels , and flood control works , must he
kno w n  in order to set the priority and frequency of control efforts. Other aspects. such as the
herbicide label restrictions and atti tudes of the public, should also) he considered in determining -

‘the level and method of control selected.
[he next major step in the developmental  process is the anal y sis  of the resources at our disposal to

manage the problem. ‘This anal y sis  us important  in order to ) determine the proper n n ix of contracted or
hired labor ,  types and eff ’ectns -eness of control methods and equi pment readil y avai lable , and amoun t  of
fiscal resources needed and available.  A thoroug h anal y sis  and integrat ion of Blocks 2 and 3 ( F i gure I )
will determine the residual level and location of nuisance aquat ic  p u n t  in fes ta t ions ,  [his wil l , in t u rn , -.

establish the pr ior i t y  oil control operations.
At this  point  nn the developmental  process it is possible to desi gn a pre l iminar y  operat ional  plan

(Figure I . Block 5). s’s h ich should he coordinated s; i th  all Federal. state. and local agencies at id
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concerned ci t izen groups ( F i g u r e  I , Block 6) . [he coni ~d u n a t u o i n  so tb  these source s is no n on l y  i m p o u r t a i r i
f rom a publ ic  relat ions s tar tdpoint  but  us also a s001 urc e ol i n p u t i n t o  t h e  proper  d e s ign  ol th e  o p e r a t i o n n a l
p lant .

Before i n u t i a t i o i t t  of th ~ opera tuonta l  p lan . ii  is n iece ssars - to brief  t h e a p p l i o - a t o n r s  I F igure  I . Block ~ to
ens oul ’ tha i  the y thoroiu g lt ls ’ un der stantd noit omi l v t hte ope ra t io  ta I aspect o il  t he  p lan h u t  a l s o  t t lie logic a mid
t i t co urs  behind ttte p lan ,  Imi the f i n a l  an a l s s u s . the  success or l a i l o n r e  oil a s o e l l— d es i gnted p l an t  i s i n  t he  lt an ds
of the app Inc a t ors.

Blocks 9- 14 (Figure  I )  serve to ) indicate tha t  the t’ e are t w o  basic p ha ses to  a n t a u i t e n a n c e  p lan I he
f i r s t  p hase is an u m itensive “clean up ” p hase designed to rap idls ’ reduce an unc o in t t ro l l ed  aqua t i c  p l a n t
i t t l e s t a t i o n  to the desired nt a in ten an c e  level , Aer ia l  app l ica t iomis  can he most ef f e c t i s e  and are usu~u l l s
mtece ss ary dur ing this p hase. I ’he second p hase is the  rou t ine  m a in t cn tance  p hase. so herein the  p lan ts  arc
progressi sels treated to ) m a i n t a i n  the desired lese l . Both oi l these p ha ses req uui re co in t i nu a l  nn lo i n i t o r ing .
eva l u a t ion , coordination , and revision when  necessars , Also , a leedhack to the  R & l )  program is
recessarv in o rd cr to  ensure a cont inuous  technologs- t rans fe r t h a t  so i l l  aid in the  d i s s e m i n a t i o o n  oil p rosen
control  methods to oither operat ional  elements and provide a data base Irom w h i c h  c’s en moire e l le c t i s  e
comitroi l  m ethods can be developed. Along thus  l ine .  I3l oi ck 16 proposes a ma themat i ca l  mod o~l . so hich so i l l
he capable of develop ing and modnf ’s’ung opera t ional  p lans t h r o u g h the sy stemat ic  ana l y s i s  oil
ens i r onmen ta l  data , available resoiurces . and opera t iona l  results  obta ined.  l hro iug h th i s  n tode l in tg
e f fo r t , operat ional  elements so - ill he able to qu ick l y develop more e l le ct i ’s  e ope ra t iona l  p lan s  and respond
more rapidl y to changing s i tua t ions  associated w ith  exis t ing p lans.

CONCLUSION

In conclusion , i t  is suggested that  those persons responsible for the development of a q u a t i c  p lant  
-

contr o il programs anal yze the ir area oil operation according to ) the process described her e in  m d
determ ine those sp c . ’il ’ic ar ea.o tha t wouJ d bcneli t from m u selective nt la in t e m ’ian ce co r nttr ol  p tmig r :mm ,
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R E SL ’Nl E— AQUAT I C PLANT CONTROL I ’R O (;R ,~~M
W ILM I N C T O N  I)ISTRI(’T

0. H. Johnson.  Jr , *

INTRODUCTION

The purpose of this paper us to present a briel re’s ies’s- of the A quat ic  P!ant Co n n t ro t l  l’rnigram in the
Wilmington District and to identifs ’ known present aquatic p lant proble ms in N oir th  (‘aro l ina I he
Wu ln t ing ton  Distr ict becante active in a small p ilot- type progra m in 1960. T ’hed i st ric t progra m ha s b eet
esse ntia l l y, inactive since 1974 .

BACKGROUND

Alligatorweed
In the earl y sixt ies , the aq uatic p lant of most concern in the state was al l i gatorweed. It was and

contin ues to be a pest in drainage canals , small lakes, ponds , and strea ms in the coastal p lain area of the
state. A cooperative program involving the Corps and state was developed in 1960, The Corps
performed trial-type che mical control work in areas jointl y agreed to by the state and Corps. Primaril y.
the earl y objective soas to put to trial use che mical formulations or herbicides recommended by th e then
Central ,- \ dvi s orv  Research Committee.

I n 1967 , the first releases 01 the South American flea beetle for biolog ical control w-ere made in the
state. For a number of years afterward , releases continued to be made. l’he beetle ha s , ap parentl y.
successfully overso intered. However , I understand that in the Nor th  Caroi lina latitudes, beetle
pop ulations do not build up un sufficient numbers unt i l  well into toe growing season w hen al l i gatorweed
growth has progressed to such an advanced stage that the beetles cannot make any real inroads into it
before cool fall weather ar rives. The end result is little or no effective control hs’ b iolog ical means.

Se’~sonal chemical treatme nt of alt i gatorweed contin ued on a limited basis unt i l  1 974 , In t hat s-ear.
the state became concer ned over the consequences of poss ible environmental  damages that ‘so ere tho ug ht
mi ght be ca used by cont inuing chemical app l ications. Even thoug h past st udies had shown no ill  effe cts ,
the d istrict was requested to restrict control measures to areas where sescre navi gational problems exist ,
There are no known problems of this extent in the state. Consequentl y. treatme nt oil a ll i gatorsoe ed has
ceased.

Eurasian Watermilfoil

I n 1965 , a more severe aquatic p lant pro blem appeared in the northea stet  n part oil the state in the
la rge , freshwater Curr i tuck Sound. Eurasian watermilfoil  mowed south w ard that year f rom the adjacent
bac k bay area of southeastern Virg inia and spread rap id ls to cos’er p m n b.nhl v  l l i I I , (X )t ) acres in t h e

Curri tuck Sound area.
‘There has bee n considerable contro ’se rs v over so-hat to do about th i s  weed Some hun t ing  ar id

(‘h id , Rccr eato o in— Reso ,mi rcc vianagement Hranclt , I S -\ run s F nginecr t ) os i r mc i  - ‘s ’ sol t r t onnci ’it, \ I t  t In 0 m u . ’ !
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f i sh ing  guides favor  it as beneficial while others, mainly residents and recreatio>ni.sts. want ii removed ,
On three occasions in 1968 , 197 1 , and 1974 , the (.‘orps . w i t h  state partici pation.  performrued l imited

control  w ork on sv aterm mlf  oil in several areas. I hese were areas considered to ) have the hi ghest public  usc
and so liere the state desired work to be done. ‘[he 1968 work  consisted oil t r ial  applications w’ith before
amtd a f t e r  m o init u ir ing studies of effects on fish , marine organisms , chemical persistence. and the like.
Granular  2.4-1) was used in all mi lt ’oil treatments.  ‘I ’he greatest acreage . about 950 acres . was treated in
1 974 , Ens i ronmental  effects oil this work  were monitored by biologists of East (‘aro il ina I. in i ser s i t y
tinder a co intrac t u al studs’ . Results has -c been consis tent l y gomd, hu l the clearing provid ed by these
“che m icmtl  mowing s” lasted no more than 3 years. Regroiwth f rom extensive adjacent untreated areas is

rap id.

TODAY’S PROBLEMS

[he primary aquatic p lant problem in North Carolina today is certainl y w ’atcrmi lfoi l . I ’he
inconveniences and lesser problems caused by scattered alligatorweed growths are not now’ thoug h t to
warrant  hi gh consideration. The state held a public hearing on the watermilfoil  problem in 1974 and
presented a study consisting of several alternatives ranging from chemical control , mechanical control .
allowing seaw-aterto enter the sound , to simp l y doing nothing. In Jul y of this year. the Federal Sea Grant
Program held a meeting in the Currituck Sound area to address the problem. The meeting was li ght ly
attended by local interests , and therein lies one of the attendant problems -- - lack of directed interest.

[‘he spread and existence of w’atermi lfoil in many acres of water in northeastern North Carolina
cer ta inl y  can he identified as the state ’s major aquatic weed problem. However , certain facts must he
considered in any approach. These are:

a. ‘[here are no Corps navigational projects that  are a ffected hs’ milfoil  growths.
b. There are no stric t/i’ “hig h use” areas that are affected , whether commercial or recreational.
e, Primaril y inconvenienced are small-boat interests . recreationists . shoreline residents, and some

commercial and pleasure fishermen.
a’. There has been no concerted or organized effort by local interests toward developing a

program: indication of local concern and interest expressed to state and Federal representatives
has been neg li gible.

e ,  I t / t a t  to do for effective, practical control is undecided.
1 t has been my feeling that  at some point in time some natural  environmental control would des elop

to curb f u r t h e r  spread. So far , this has not materiali zed. It appears that biological control mi ght hold the
greatest . if not the earliest , promise of relief. Certainl y, to attempt control b chemical or mechanical
means to any large extent at all presents many problems.

I expect local concern and interest will increase. Officials of the Nor th  Carolina Department of
Natura l  and Economic Resources are well informed on the problem and are interested. How’es’er. the
arc present ly handicapped by a lack of strong local voices regarding the milfoil.  Lackingare decisions on
wha t  can t and should be done , together with a lack of funding should determinations he made. These
decisions moist largely come from the peop le and the state since the waters involved are , of course. state
w aters .  t h e  Corps ’ pos it io in has been one of willing cooperation and readiness to perform limited
comtro l work so-here justified and desired by the state and where the state has been capable ol
partici pating in cost-sharing.

In closing. I so-ant to mention that  the Federal-State Sea Grant Program in Nor th  Carolina has
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become interested in the mi lfoil  problem in the state. As I mentioned earlie r . Semi (i rant  spo imt so red an

ini t ia l  in vestig io tive meeting last .1 u f y .  If lundim i g is approived . Semi G rant  is pr or posung certain

experime ntal  and research act ivitie s comniencung hs next spring. Semi (i rant ’s ‘s ne sos and prop o is ed

actis iti es are stated in its latest newsletter released last week.  l imited copies are mi ’s amIab l e  here.

It appears that  Sea Grant  needs to ) be aware oil ans’ (‘oi rps—appro ived research m i c t i ’ s  i l i e s .  - \ l so .

research must be ree m phasized in connectiom i w i t h  the mi l loi l  problem .
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AQL ATLC PLANT CONTROL IN THE SAVANNAH DISTR ICT

hv

K. Wi ll iam s*

t he  Savannah l)istr ict Corps of Engineers , in cooperation w i t h  the Georg ia Game and Fish
Commission , is in charge of the aquatic weed control program in the State of ( icorgua. ‘I he ex i s tung
contract provides that all control work will  be done by the  Georg ia Game and Fish (.‘ommission , w ’nth
Federal reimbursement for work in excess of the 30 percent required partici pation. Unt i l  recentl y, the
Savannah l)istrict has not experienced a serious aquat ic  weed inf ’estation in its waterway s that  required
control: however . inl ’estat i ons. primari l y waterh yacinths and al l i gatorweed . are beg inning  to create
problems to nav i gat ioin , boating access , fishing, and other recreational pursuits.  I’he major infes ta t ions
are located in the oxbow areas and along the banks of the Satilla River f rom its moiuth to Burnt  Fork: in
Jackson [.ake (Georg ia Power Company impoundment)  located north of Macon , Georg ia . on the
Ocniu l gee Ri s er :  and in Lake Worth located near A lban y,  Georgia . on the Flint  Riser .

Preparation and coordination of the Environmental  Impact Statement on Aquatic Weed Control
wi l l  he conducted in Fiscal Year 1977 . and three areas of aquatic weed control operation are being
p lanned for Fiscal Year 1978. There are 50 acres of wat erh v ac inths  located in the Satilla River.  66 acres
of sva terh yacinths located in Lake Worth on the Flint River . and 30 acres of alligatorw’eed located in
Jackson l.ake on the Ocmulgee River. Control will be accomp lished by using integrated hno log ical and
chemical controls. ‘l’he chemical control to he used is 2 .4-[). w ’hich wil l  he app lied by aircraft , ‘T he
biolog ical control is by the use of insects that  eat the aquat ic  plants. Tss o of these, the w a t e r h v a c i n t h
weevil. .Veoo ’haetina spp. , and the alli gatorw-eed flea beetle . .4 gas h /es . have been released in the past in
the state. The success of the waterh yacinth weevil has not been determined : how- eve r , the afligators seed
flea beetle has been reported as having had some impact on the growth of a ll i gatorweed.

I-tu lon g ism . I ni t r m n n i n n u ,’r t i ~o i -5 n~ik s m .  Hrario.’hi. t S -S r rns t- ngon ecr I )m ~ tr oci  ‘ta m mi nt rmnbt . Geon rg mmr.
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AQ UATI ( ’ PLANT CONTROL IN THE CHARLESTON DISTRICT

by

J. L. Carothers t

INTRODUCTION

The major aquatic plant problems in public waters of South Carolina are caused b two  exotic
plants — - all i gatorweed (.-4 liernanihera philoxeroides) and Brazilian elodea ( Egeria den.sa).
Al l i gatorweed was the first to achieve problem status . hut the growth 0)1 all igatorweed has recentl y
diminished to the extent that no spraying was deemed necessary during the 1976 growing season. Elodea
is a later import w’ho~e distribution has rap idl y expanded to the point that  it is no w- the wors t  aquatic
p lant problem in the state.

SANTEE-COOPER PROJECT

The Charleston District began its cooperative aquatic p lant control program in 1960 when a
contract was negotiated with the South Carolina Public Service Author i ty  (PSA) to control
al li gatorweed in the Santee-Cooper Project. The Santee-Cooper Project is a state hydroelectric project
whose major features are Lakes Marion (about 155 square miles) and Mou ltrie (about 95 square miles).
Under the terms of this contract , the PSA furnished the manpower and equi pment: and the Federal
Government furnished the herbicides , granular Silvex and dichlorophenoxyacetic acid (2 .4-D). and
funds up to 70 percent of the total cost. This contract was extended by supp lemental agreements unt i l  it ’ s
termination on 30 June 1967. This contract was allowed to terminate because of l imited funds and a
greater need for aquatic plant control in other waters of the state.

STATEWIDE PROJECT

Just before the termination of the contract with PSA , the district negotiated a contract wi th  another
state agency, the South Carolina Department of Agriculture , to provide for aquatic p lant control in all
state waters except for the Santee-Cooper Project. To date . alli gatorweed has been the onl y target for
control. Streams desi gnated for aquatic p lant control under this  contract include portions of Little Pee
Dee River , Black Mingo Creek , Black River , Congaree River . and the Noir th Fork Edisto River. These
stream segments comprise a total of about 166 miles of stream.

The present aquatic p lant control program includes biolog ical control , as provided by the
al l i gatorweed flea beetle (,4gasic/es sp.) and the stem borer ( Voglia ~na lloi) . and w’hen needed , the
app lication of herbicide. These insects were released in South Carolina as the outcome of research
conducted by the Agricultural  Research Service of the U. S. Department of A griculture with financial
support of the Corps of Engineers. To date , the flea beetle appears to have been the more successful of
the two introductions.

The onl y herbicide used for work under the current contract is 2.4-D in a 40 percent amine

(‘hod . Fnsm ro nmen mal Resources Hraneh . t~. S . ‘\r rnv I-ngoneer I) isiricm . 0,’hmor le si o rn . Sm’uih (‘aro , Io n ,m
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formula t ion  containing not less than 4 lb of 2 ,4-1) acid equivalent per gallon. This herbicide w’as
formerl y app lied at a water—chemica l n i ix ture  of 50 to I at au cst i i i ia t ~d .nt e ot ~ lb ~d 2 ,4-1) per acr ’c. I bu s
rate was used because work performed on the Santee-(’ooper lakes under the earlier contract  indicated
that application rates of less than 8 lb per acre so-crc ineffect ive.  However , in view - of the es tabl ishment
since that  time olthe flea beetle . any fu ture  use 0)1 2 .4-1) would be done in accoidancc w i t h  t lic integrated
control technique developed hs the [3 , 5, I) epar tment of Agricul ture , which would in solo-c.spr a y ing at a
lower rate (2 to 4 lb per acre).

Since the district ’s use of 2 .4- 1) to control all i gatorweed is inconsistent wi th  the pro iduct label , spray
operations were terminated earls during the 1975 spray season , and an app lication so-as made to ) the
Environmental  Protection A gency ( E P A )  t’oir an exemption.  A specific exemption was granted to the
district in Ju l y 1976 to ) use 2.4-[) to control al l i gatorweed. hut no spraying was done because none of the
project streams had enough alf i gatorweed to ) so-arrant spras ing. Since the exemption granted hs the EP A
exp ires on 31 I)ecember 1976 . an extension has been requested in oirder to pros ’ide for future spraying
should alligatorweed again become a prob lem in public waters of the state. Althoug h onls ’ a part of one
stream was sprayed in 1975 and no spraying was done in 1976 . the abundance oil alligatorweed in project
streams appears to he declining.

EMERGENCE OF BRAZILIAN ELODEA AS A PROBLEM

Brazilian elodea has recentl y become a si gnificant problem in tw’ o large and heavily uti l i ,ed water
areas , and cursory observations indicate that  it is now the worst aquatic p lant problem in the State of
South Carolina. Some of the most notable infestations are in Lake Marion , so -hich is one 0)1 the tso o lakes
comprising the Santee-Cooper Project. Elodea was first reported in I .ake Marion in 1965 and rap idls
expanded unt i l  in 1974 the area infested was on the order of 10 ,000 to 20.000 acres. Another major water
area with a significant infestation of elodea is the upper portion of the Cooper River and its t r ibutar ies
and abandoned rice fields.

[he onl y large-scale effort to control elodea has been exerted by the PSA on 1.ake Marion.  t h e
PSA treated 400 acres in 1974 and 750 acres in 1975 with Ortho Diqua t and planned to treat portions of
the lake in 1976 . The PSA found Diquat to be effective for a short period of time. but reinfes t ation
occurred and elodea continued to spread to presiousl y unaffected areas.

The PSA and other state and Federal agencies . including the Corps. are now’ in’s ’ols’ed in a
cooperative effort to develop a management p lan for the control of aquatic p lants in the Santee-Cooper
lakes. A workshop was held on 20-2 1 July  1976 and a second meeting is scheduled for I N os’emher 1976
to review a draft management p lan. In the meantime , the PSA has recentl y requested the Charleston
District to provide assistance in the control of elodea under the author i t y  of Public Law- 85-500 . The
district has not yet responded to this request.

TRAINING AND CERTIFICATION IN SOUTH CARO LINA

The Clemson University Cooperative Extension Service is conducting its first certification t ra ining
for individuals involved in the use of pesticides in aquatic situations during the period 20-22 October
1976. Since the university stated in its announcement of this  first training session that  it did not know’
whether or when additional t raining in this particular category would he offered, the author , who
super ’s ises the district ’s aquatic plant control program , is a t tending this t ra ining session.
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CONTROl . OF WATER ( ’HESTNUT IN NEW YORK STAT E

by

S. M. Hook*

INTRODUCTION

The purpose of this paper is to describe the New - York 1) i strict  Corps of Eng ineers ’ program to
control waterchestnut ( Trapa nalans ) in New York State in the Hudson and Mohawk Rivers and
portions of Lake Champ lain. A brief history of past control ef for ts  is presented . after which the current
program is discussed and the problems and prospects are outl ined.  1 he aquatic p lant control program us
authorized bs Section 302 of the Rivers and Harbors Act of 1965 . Public 1.aw 89-298. I b i s  act provides
for the control and eradication of obnoxious aquatic p lants in navi gab le wate r s. t r i h u tars  streams
connecting channels , and other allied waters , in the interest of navigat ion , flood control ,  drainage .
agriculture , fish and wildlife conservation , public health , and related purposes.

BACKGROUND

‘[he waterchestnut is an annual  aquatic p lant na t i se  to freshwater streams and poinds of the
temperate areas of southern Europe and Asia. Althoug h the seed contains some food value and is edible.
the p lants are usually found in polluted waters and may he contaminated. [he waterchestnut  survi ses in
mud but grows best in water depths from several inches to 5 or 6 ft. It has been found to grow- in depths 0)1
up to 15 ft in New York. Its annual decomposition forms a muddy bottom of high organic content.

The plant can be identified by its waxy, floating leaves supported by swollen leaf sterns formung leaf
rosettes. Each new season’s growth is produced entirel y from the seeds of this  annual  plant.  l’he seeds
germinate every spring at the beg inning of May and form a cord l ike stem 6 in. to IS ft long, which
reaches the surface about the middle of June or somewhat later in deeper water.  ‘[he p lant grow’s as late
as October. A number of modified feathery leaves grow along the stem w ’ith a pair of branched lateral
roots at the base of each of these leaves. The plant has no primary root hut is weakl y anchored in the
bottom muds by these lateral roots. Small white flowers appear from June to early September. which
des-efop into soft , green , horned nuts on a spongy inflated stalk. [his stalk hel ps the leaf bladders
support the rosette after the fruit is formed. Each rosette produces about 12 to 24 chestnuts. As the nut
matures , the outer tissue is shed by a fermentation process and the nut becomes hard and black. Each of
the four horns is sharp and has several reverse barbs . The nuts are about 20 percent heavier than water
and sink when they become ri pe and drop off the p lant .  This may occur as earl y as August. ‘[he plant
itself is killed by frost in the fall. It is estimated that most nuts  so -ill germinate wi th in  I to 5 sears after
being dropped. Dormancies of 10 and 50 years have been reported , however. ‘[he p lant spreads either by
the rosettes being detached from their  stems by boats to reroot in another area , or more usual ly  by the
nuts  being swept by currents or waves to downstream areas,

‘rhe waterchestnut was introduced into the United States at (‘ol l in s Lake near Schenectady . New-
York . in 1884 to “enhance ” both the esthetic and fishery resources of the lake . Bs’ 1920 the waterchestnut

( hiei , I-ni ironmentat and t eonomocs Branch. I S ‘Srmv I-ngomie e r i )osi ro ct .  \eso ‘1 ork .
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had spread to the Mohawk River and by 1944 was found in the Hudson River. By this t ime it had also)
spread as far north as l ake Champ lain and as far  west as the Finger Lakes,

PROBLEMS ASSOCIATED WITH THE PLANT

Among the many problems caused by the waterchestnut plant are those related to various
recreational activities. Because the plant has virtuall y closed off bays with impenetrable mats , passage
has been hindered for fishing, p leasure boating, and waterfowl hunting. The waterchestnut has crowded
out such desirable duck food as wild celery. It also reduces the open-water shore habita t for desirable
game fish. In addition , waterchestnut provides breeding grounds for the mosquito and blackfly.
Although this is not presentl y considered a health problem , there is an associated nuisance factor as so-eli
as an undesirable economic condition . The existence of waterchestnut can also lead to problems in the
area of water supp ly. In a number of instances , difficulty has been experienced by this p lant hindering
the velocity of flow in intake systems. Potentiall y serious consequences mi ght also arise for navigation .
particularly lock operation. Other activities less directl y affected are swimming. waterskiing. picnicking.
camping, and sightseeing. Finally, the plant ’s fermented four-spined seed can inflict a painful wound if
stepped upon and can penetrate a rubber boot.

HISTORY OF CONTROL EFFORTS

The first large-scale effort to control waterchestnut began in 1946. The New York State
Conservation Department undertook th is effort using (a) hand-pulling techni ques in small isolated
infestations . (b) underwater mowers or self-propelled barges . and (c) herbicida l sprays of the isopropv i
ester of 2 .4-D in fuel oil. The 2.4-D was app lied by surface operated power sprayers from a fixed -wing
airp lane and from a helicopter. After 1948 , operations were restricted to the underwater mowers , hand-
pulling, and a small amount of spray ing from boats. This action was taken due to claims of crop damage
following aerial spraying. State control was funded under P ittman-Robertson (W-3 l-D) and ran unt i l
1955, at which time it was given to the New York State Department of Conservation. Bureau of Fish .
under Dingelf-Johnson funding (F-13-D). Research funded by Pittman-Rober t son suggested more
effective methods of eradication within the framework of existing techni ques. In 1965. the Bureau of
Fish began a systematic eradication program , which met with initial success using the latest chemical
treatment techni ques. In 1969 , Federal funding ceased when, in the opinion of the U. S. Fish and
Wildlife Service , the benefits appeared to accrue more to the general boating public than to those
engaging in hunting and fishing. Full funding for the program continued by the New York State
Department of Environmental Conservation unti l  1970 . when the Corps of Eng ineers contracted with
the department to reimburse the state 70 percent of its eradication costs.

PRESENT PROGRAM

The approach taken by New York State has been to treat the larger dense stands chemically by use

of a boat-mounted spray ing unit. Smaller infestations are either hand-sprayed or hand-pu lled

depending on the density of the plants in the area. The herbicide 2,4-D has been found to be effective on

wat erchestnut at app lications of 8 lb of acid equivalent (2 gal of 4-lb acid) per acre. This finding resulted
from some of the earlier Dingell-Johnson work on chemical control where granular and pellet 2.4-D - .
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were also tried under various controlled situat i ons wi th  l i t t le  effect. 2 .4-I) is a restricted pesticide . and all
app licators , both state and contractors , are required to he cert i f ied.  I he chemical is spray ed di rec t ly  on
the leaf surface. ‘l’he effect is that  of a growth hormone ; the  p lant rapidl y produces new - lea ° a nd stem
cells , browns , and dies wi th in  a period of I to) 2 weeks. App licat ion of less than  8 lb 0)1 acid equi ’al ent per
acre acts as a growth s t imulant , speeding up food production. Best results occur so-hen the young plant  us
hit  a f te r  the nutr ients  in the nut  sent up the long stem are about  exhausted , hut before many late ral roots
has--c been formed to take nut r ients  from the water .

Presently, the large infested areas requir ing boat-sp ra y ing are contracted out hs the s ta te ,  I he
chemical is applied from booms that s p r a y a f i n e  mist on the p lants at the 2-gal rate calibrated to th e  boat
speed. The mat of p lants is dampened by the boat wake and minimiie s  the chemical being washed of f
before it has had a chance to work. Hot , ca lm. sunny mornings w i t h  clear skies are ideal l o i r  spr a ’. i n g
since p lant metabolism us increased and drif ’t condit ions are reduced. Hand-spr a s  ing and h a n d - p u l l i n g
are performed from canoes. The latter method . whi le  the most tedious , is also the  niost e l fec t i ’ s c  as i t  Os

not subject to the vagaries of weather or of chemical appl icator  error.
Only one insect , a leaf beetle , was found to feed on so aterche stn tu t  fo l iage ,  so i t h o u t  d o o u r o g  serious

damage to the p lants. No o fungus diseases were ’ ohser’sed, I he po ssuh i l i t ~ of i nsect ‘o t u n c i u s  contr o l
appears remote. Mechanical d~ v i fo r  removal cannot he ruled out f o r  co in t ro l  pu rpo ses

PRJBLEMS ENCOUNTERED

‘[he specific characteristics of the w-at erehe stnut plant itself is central  to the  problem of I t ’,
treatment. ‘[he prolific nature of the p lant , the unpredictable delay in g ermina t ion ,  and the  r el ati ’se l s
short growing season require a smooth operation and adequate f ie ld  suppo ir t .

An important area of concern us on the Vermont side of l ake (‘hamp lain (‘a nal ,  Vermo nt ha s l ai led
to treat this small infestation , which is apparent l y spreading in area and dens i t y ,  I his f a i l u r e  jcop ardi ies
not on ly New - York ’s Champ lain efforts , but also the program throug hou t the Hudson and \ I o h a w k
Rivers since these can be reinfested by boats t ransport ing p lants

Since the effective spray season is relativels short ,  a ra p id spray o opeta t ion in the  numerous  separate
infested areas is important .  Some sites are easil y accessible. so hereas other s can on l s  he reached by water .
Access to the Hudson is complicated h the railroad tracks paralleling both banks ,  Stage ol tide, daily
winds , and normal changes in weather fur ther  complicate the problem of t rea t ing  all  in fes ta t ions  in the
recommended period. Drift so-as also t considered to he a problem so-hen some ol the larger plots were
sprased by helicopter , and to a lesser degree so-hen sprayed by boat.

Another problem is the t iming and speed of app lication. ‘[his is prevalent part icular l y in the larger
p lots in the tidal area where water exchange apparentl y occurred before the chemical so-as full y effectis ’e.
The wake created by the air boats has had a similar  effect of washing the chemical off the leaves. Better
kills were observed in denser , more mature stands, which appear to dampen the wake better than young
stands that have just reached the surface. Li ghter pay loads and hi gher horsepower to hr ing the  boats on
p lane have helped solve this problem.

A serious potential problem is the possibility that  chemical treatment may not he used in effective
dosages. At present the hi ghest concentration for 2.4-P approved by EPA is for waterh y acin t hs at 2 lb or
less per acre. Under the EPA regulation on pesticides labeling , which went into effect in 1975 (40 CFR
180). a manufacturer may app ly to a state for reg istration for a specified use and concentration.
Transvaa l . the state ’s supp lier of “Wheed-Rhap ” t .V-4D . an isoocty l ester of 2.4-D. did so hut was
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refused by the Bureau of Pesticide of the Department of Environmental Conservation. Desp ite the
backup information presented by the Bureau of Fish on the effectiveness of the chemical at th is
concentration on waterches tnut . the Bureau of Pesticides was of the opinion that information on the
effect of the chemical on other aquatic organisms was insufficientl y detailed to support the reg istration
and that the sp irit of the law’ would be violated if permission to use the pesticide so-crc granted.

ENVIRONMENTAL IMPACT

Experiments to date with  2 ,4-1) in water  have not indicated any si gnificant detrimental  effects on
fish or other aquatic p lants. ‘I ’he chemical is specific to broad-leafed p lants , and care must be exercised
so that drif t  to p lants on shore does not occur. 2.4-1) has a temporary effect on nontarget aquatic plants.
such as spatterdock . accelerating its growth in grotesque form.  It has not killed anything except in rare
instances so-here drif t  occurs. Since there us no spraying wi th in  1000 ft of intakes upstream , spray levels
are low . di lut ion is hi gh , and the t idal  factor such that  entire has-s are flushed frequentl y .  there are no
deleterious effects  on the rivers as a source oil wa te r  supp ly.

RESULTS AND COSTS

..\ s l ow . hut  steady decline in wa t erche otnut  i n fe s t a t i ons  has resulted from the control efforts :  from
2826 acres in 1966 to 1340 acres in 1976. a 53 percent reduction ,

It is . nevertheless , difficult  to evaluate the success of the state program on the basis of acreage
fi gures since new - areas of infestation are being discovered each year as the crews hecome moire f ami l i a r
w i th  the r ivers , Variable kil ls  and variable regrowth the fo l lowing season require s ir tu al l v  a sut e-hs ’ -stte
eva l u at ion.

[he most successful  results have been in shallow’ enclosed hays so here diffusion kills the p lant even if
the lea ’s-es are not sprayed directl y. At the edge of the riser or where  there is much curre nt.  the leaves
must he drenched more thoroughl y to get a kil l .  This is a part icular problem in the Hudson with i ts  4-5 It

tidal f luc tuat ion , which results in a hi gh-water exchange in the coses as well  as in the mainstream.
Contract spray ing costs in 1974 amounted to S3 1 .60 per acre inc luding cost of the  chemical.  Labor

cost alone was S 18.52 per acre. Hand-pull ing co)sts were estimated it s t Y ,27 per acre regardless of
bushels pulled.

CONCLUSIONS

In order for control to be ef1 ~is- e . no seed formati on whatever can he permit ted.  The p lan ts  must
be treated every year so that potent sources of infestation , which lead to a fur ther  spreading of the
undesirable plant , are che ~ed.

A resolution of the problem of the use of the chemical 2.4-P in effective dosages is important  to the
continued success of the eradication effort , Additional research is called for , the focus of which  should
be the identification of the short- and long-term effects of 2. 4-D (in the concentration called for) on the
aquatic ecosystem.

The state has also begun to evaluate the use of mechanical mowers and weed cutters. The greatest
problems with these removal techniques are the shallow depths and the inabi l i ty  to bring the equi pment
to some of the more inaccessible back-bay areas so-here chestnut is found. Tidal conditions on the
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Hudson present another limit on using a weed cutter.
If no clearance is obtained for the use of the required 2.4-P by next season. the immediate response

would be to shift to) a comp lete hand-p icking operation. Est imates of harvest per acre based on this

year ’s rate range from I acre per man-day to I 20 acre per man-day, depending orn density.
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ST.& 1’L S OF 1’I IF AQ ( ’ Al ’f( ’ N.AN ’I ’ ( ‘O N I R O L  I ’RO (;RA\l I N ’ ’I ’ Hi ;
NORFO L K UI STR R ’T , NORFO l K . V t R ( ; lN l . .~

.1 , 1) , l l a l u ska *

On 30 .June 1976 . the Norfolk  l) istrict concluded :i 3-year s tudy of ’ the app lucat io rn ol ’ endotha l l  and
Diquat °° to a large probable water  supply reservoir. Nuisance  populations of Egeria den,s a Planchon
hampered the use of the Chickahomin y Reservoir (W alke r  Dam) . Virg inia. as a source of recreation and
potable water.

App lication of the herbicide mix ture  so-as undertaken by the Virginia Commissio in of (iame and
Inland Fisheries after the application of the same mix tu re  in 1967 seemed to indicate tha t  the use of these
chemicals could reduce the Egeria popu lat ions in the re ser ’sooi r ,

The study of some of the 1973 applications ’ effects was conducted hr the Department of Fisheri es
and Wildlife Sciences of the Virg inia Polytechnic Ins t i tu te  and State Universi tyat  Blacksburg. Virg inia.
The final report of this  study ** concluded tha t  long-term (2-y ear) control of Egeria den,sa was only
attained in areas of marg inal Egeria habi ta t .  I ’he use of I)i quat 5 alone will probabl y be as ellecti v e as the
endotha ll-Di quat ’° mixture since the addition of the endothal l  was not seen to be “advantageous ”:
however , plant bioassay should be conducted if Di quat °° is used in other water areas . I ’he mixture  does
not seem to be bioaccumulative and can probabl y be used with assurance of safety to nontarget plants
and animals.

The report also noted that “rep lacement of the target weed w i t h  a more noxious weed is a
possibil i ty. ” The possible rep lacement species mentioned was the l ’ilamentous blue-green al gae
Lu’ng hva . which appeare d at stations previously populated by Egeria.

Several final conclusions were that the reduction in submerged vegetation quant i ty  had li t t le  impact
on the biota due to incomplete macrop hvte dieoff and rap id rep opulation hut tha t  most anglers
benefited from the reduction in submerged plant biomass.

It was recommended that subsequent app lications of I)i quat °° be used to control Eg er ia at
approximatel y 2-year intervals and that , when appropriate. Di q uat °° be considered for use in control l ing
submerge d vegetation.

At present. the Norfolk District is considering the t ’uture use of Di qua t °~ in the Chickahomin y
Reservoir. This is the only Aquatic Plant Control project presently under active consideration in the
district. Several other aquatic p lant problem areas has-c been identified —these are Back Bay . areas of the
Rappahannock River , and the Lafayette and E l ir abeth Risers , The distr ict  is also await ing the final
report of the Virg inia Commission of Game and Inland Fisheries on its 3-sear st t id ’o of the 1973
treatment.  The Norfolk District will consider these reports in determining the ads ’is ah il i ts  of co on ti nued
treatment of the reservoir. The result ing report should he available du r ing  F iscal Year l9~~.

* (k~~ oooi gr ap he 0 - ‘s ’s .o ci’ R o.’soii rec’. i ‘ a nni n 5 Br an ch .  - 
~~ -\ li i i  t n~ i icci I ) t s t  r ico \ ott ~ 5 0 rg 001 0 ,0

** 0, I- - S t a t i c - I c o n  ond C B. Shr eck .  “ -\ qt ia i oc I ’ O o r o ;  ( ‘ ,~~‘ - - ol I song t i c :  ho cod i ’s ii a i irge ‘o t o hic ‘s’s .o tco S oipp li R e se t s  ‘ i i  -

i - : ,o ,o I  Report (or th~ ‘c: i~ oI h ots I, t97 1. to ,t u n ~ 
)0 0 , ‘-)7~~” 19 ”(, I ) cpor101ic110 - 1  I r~Ios ’o ’ : ’ ’ .oo i d  S’s t i P t O e  ~ii  CtOc ’Cs , 5 II C0110,0
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AU TOMAT E D PR O (’E ssIN(; OF APC FIELD oP i ;RAT ION S I )ATA

J. ‘ I ’ . McG ehee *

INTRODUCT I ON

In order to proiperly monitor aquatic p lant control (APC ’ ) field op erati on s . the program manager
requires detailed input  f rom the field. T hese data are generall y a legal requirement  ari d essential f o r
reco rd purposes in the case of potential  damage claims arising from the operations and fo r  managers iii
es a fuate  the effectiveness of the overall program. For small programs this  is no problem. Ho i so e ser . w i th
large op erati ons . such as the Jacksonville District ’s , the manager soon becomes swamped w i t h  data.
There are approximatel y 20 Florida Game and Fresh Water Fish Commission field crews and It )  Corps
of Eng ineers crew- s reporting to the district. Ori ginalls ’ . dail y reports were submitted by each crew - . [his
resulted in 900 reports each month.  To cut dow- n on the volume of reports. a weekl y report fo rm so-as
developed. ‘I ’his form consolidated the information on the dail y reports and lessened the so lume of
paper . but not the solume of data to be ana l yied. The Jacksonville District Aquat ic  Plant (.‘ontro l
Section worked with the district ’s Data Processing Center in the development of an automated
processing system f ’or the processing, disp lay , and storage of the field data for use by program managers.

FIE LD REPORTING

During a review of the information needed to document APC operations and those data required
for evaluation of cress- and program performance , the existing weekly report form (Figure I ( w a s  f o u n d
to be inadequate to meet these needs: thus ,  a new report form was needed.

In antici pation of the inherent difficulties with conversion to new- methods of report ing.  the general
format of the old report was retained. The desi gn of the new- form ‘so-as coordinated with  the computer
programmers and the key punch operators to make certain that the format so-as compatible ‘ south the i r
normal procedures. Priority , however , was placed on simp lification for the user of the l’orm. the f ie ld
crew-s.

‘rhe new report of operations is divided into four major sections (Fi gure 2): Heading.  Personnel and
Equi pment , Time Distribution , and General , The Heading contains the pertinent ident i f icat ion data for
sorting . retrieval . etc. The Personnel and Equi pment section documents rental wage or cost data of
personnel and equi pment. The Time Distribution section records distr ibut ion of the field uni t ’s t ime h~
meaning ful categories. l’he General section includes data on the area treated. envtronmenta l  condi t ion s .
materials used for treatment , and any necessary remarks. Figure 3 is an examp le of a typical  comp l eted

report. In practice. the reports are printed in screened blue ink so that pencil or pen ‘svu ll contrast  and the
fi gures will  be easier lor the key punch operators to see. The small number s that  accompany the Headtn g
and Totals blocks define the fields for the key punch operators.

I -n g inccr i n g  t echnician . A q u a t i c  t ’ I o n t  (‘oi n t rol Section . t ’ , S. \ r m~ E n g i n e e r  t ) o s t o  Oct l o s  k~~~’o:s  l i e .  I l i r o W i ,
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PROCESSING

he pro ogrammer constructed a computer  program t h a t  processes the  data  and presents the
eu m u l a t i s e  summary  in a fo rm at  s imilar  to the report form, ‘I he program us w r i t t en  ri COBOl  - pr oo gram
la nguage toi he used south the distr ict ’s in—house Ci [—225 coimputer. It is act ua l l y  a groiup oo f progr at ils .
I hes are li sted in the district ti le as ”AQUA ’l IC P R O G R A M S ”  and carr \  D i str ic t  t’ rogr am \ umhe rs
K\1 2 2 throug h K M29.

I he f i rs t  programs edit the data for missing essential data or o hs ious lv incorre c t  data ,  If the se
condit ions exist , they are flagged on the edit output .  1)ue to the amount  of data comta ined in the t w o o
cards and the differences in field width , the output  is presented on separate sheets for  the  n u m b e r  I and
number  2 cards (Fi gures 4 and 5 . respectivel y) .  ‘[his a l lo w s  for  uncluttered tabular  revi css of da ta ,

Programs K 5-125 and K M2 ô comp ile and pr int  a summary ol ’ th e  consoi l idated data l o r t h e  period oi l
recoird led unto ) the ccomputer h~ crew members. ‘I hese data are arranged in the same general ser t ica l
order as the report of operations. Again , the pr intout  was separated into t wo  sheets,, th is t im e due to )
diff icul t ies  south  data storage and getting all the in fo rma t ion  on one sheet , Fi gures 6 and 7 are examp les
of consolidated crew- data for  the month of iune  1976. These programs . K M25 and K M26 . also co mp ile
a consolidated summary of these same data by county and watershed number and present it in t w o
prit ited sheets. Fi gures 8 and 9 are examp les of the  first  o)f these two sheets fo r the  month  o f iun e  1976.

Program K M27 coit sol idates the data into a presentat io) n by agency, the Corps ’ hire d labor l’orces
and the state ’s forces that  are undercontract  to the district (Fi gure 10) . t h e  aserage figures are thedirect
means computed hs the total number of crews working during the period of record .

Program KM29 presents a review of the acreage of p lants treated by watershed number and cost
account number. One sheet is printed for each type of p lant treated. Fi gure I I  is an examp le of the
ou tpu t  for the month  of June  1976 for waterh ya cinths.

Simultaneously with the processing of the data, a monthl y transaction tape is so r i t t en ,  ‘This l an e
contains all  of the raw data from the cards. When a summary  is desired for a quarter .  ha l f ,  or full  sear.
t hese tar~s can be consolidated and run for that  period. This also a l lows fo r the  selecti se retr ieval  of data
in the f u t u r e .  Althoug h a program has not been wr i t t en  for the retrieval , it would he a relati sel y s imp le
task. We are in the process of writ ing other programs for the presentation of operations data by cress .
watershed , county . etc. . monthly for a year ’s period. This would enable the user to see seasonal tren ds or
annua!  .Thanges on production as effected by environmental  or management condit ions.

PRESENT USE OF PROGRAM

The Report of Operations is the codung form for the summary programs . Theedit  program catches
many , but not all , errors. Experience with  the use of the programs has revealed that  a re ’s iew o f the  forms
prior to key punching  eases the processing of the data. Questions by the key punch operators on data in
the wrong blocks , blocks unfi l led . etc.. are minimized.  Also , errors found at th i s  t ime  speed up the
corr ec tuoin proce ss. There us no) need for funding  the error that  was liagged. mark  it on the card , and h ase
ii repunched .

-Sl Ier the in i t i a l  check , the reports are key punched , and so-hen a month’ s acc u m o u l a t o o n  ol’ ea rds is
nip leic . it is run on the edit program. If errors are found by the edit program, the p r i n t o u t  is return ed

- t h c  \I ’( ’ Scc tu on  f o r  correction. If no errors are flagged, the summars programs are run.  Each
- ‘ ° l • ‘ . iu t i imar~ rcpor~s are then reviewed b y dis t r ic t  managers oil t i  e Al’( pr oo gr am b r
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det erminations of how well the field operations are progressing . Cop ies 01’ the m oo nth l y  summaries  arc
sen t toO the st ate contractor and district field offices for  their  use in miuna g ing the i r  oper a ti oo n s .

Ihe  new’ reporting proced ure has been in effect  for approximatel y 2 y ears . We now l i t d  tha t  the
past printouts are quite ‘s’aluahl e for  use in esumafing inventories of herbicides , pr oduc t ioc time to : bc
expected during a certain time of sear in a specific water body, and disp lay of other un b o rm ation
previousl y unavailable to us.

PLANS FOR THE FUTURE

During the for mulation of the new reporting and processing procedures , provisi ons were made for
expans ion  of the use of the program. The watershed numbers were made excessively large for a purpose.
Each of the watershed desi gnations is one thousand orgreater hy even thousands. I .ater . the watersheds
so- ill be divided into significant sections by a numeric desi gnation in the tens or hundreds place of the
watershed number.  Further subdivision is available by numeric assi gnment of the units p lace. Althoug h
the district is onl y treating water hyacinths at this time , provision has been made for reporting operations
on other aquatic p lants. A numeral I in the “Ki nd of Vegetation ” box in the Heading of the Report of
Operations signifies operations on waterhyacinths. As other p lants are added to the program , number
assi gnments will give specifi c printouts for the new plants.

[he storage of operations reports has been a space- and time-consuming chore. Retrieval of
information from these reports and consolidatio n of ’ these data are likewise er~ ti me-consumin g and
costl y. With t he new system , all the data from the reports are stored in raw form on magnetic tape. We

have not exercised the option yet , but th ese data are easil y accessible by use of a simp le search, sort . and
print progra m. The retrieved data can also be consolidated for printout under the existing summary
progra ms or printed as reconstructions of the orig inal report for ms.

The decision-making process for the scheduling of aquatic plant treatment operatio ns is very
involved. Develop ments over the past few years have further complicated the process , and indications
are that further comp lications are on the way. Modern managers are learning more and more to rely on
ss-stems models to assist in the decision-making process as the factors a ffecti ng the decisions become
more comp le x. The APC man agers in the Jacksonville District believe in this p hilosop h y. The so-hole
reporting and data processing system presented here was des igned and constructed as a minor feedback
subsystem. Ultimatel y, in addit ion to its mo nitoring functio n, we envision this subsystem as a data base
for use in a much larger mathematical model of oiur opera t ion s . a model that would enable us to test
management options using real-world data to) get indications of the probable results. Costl y and time-
consuming mistakes and assumptions could thereby he minimized , and the benefits to he derived l’rom
limited resources maximized.
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WKEIO.Y LOG
OBNOXICIJS AQ UATIC PLANT CONTROL ~Lij ~~ADICATION OP~ 1ATION S

CORPS OF t~ GIUF .EES, JACKsCNVII.LK , FLORIDA DISTRICT
CHt~ ICAL T REATI RII T

Field Of f i ce _________________________ Date Thru 196
Location ________________________________

Wate rshed______________________________ County _____________________________________

Kind of vegetation: Hyacinth ( ) / slligatorweed ( ) Other___________________
Height of vegetatien: C to 12” tal1,,,~J,,,_j2°° to 21400 ~~~~~~~ 2) 4” lip

Itom 4oa, 1 i i ~~ 1./ed. I’hurs. P5’j, Totals

Plant 
Pat e 

________ _______ ________

Vehics.e & mileage

Eff ective_ spra.y_ tine 
________ _______ ________ _______ _______ _______

Travel_TL”~e:__ Plant 
_______ _______ _______ ______ _______ _______

Travel_Time:__ Vehicle 
_______ _______ _______ ______ _______ _______

Ley_ time,_ weather 
_________ ________ _________ _______ ________ ________

Lay_tins’,_ rt her 
________ _______ ________ _______ _______ _______

Cr ew Tieiss , R aise & Hours
a , 

_______ _______ _______ ______ _______ _______

Chemical s & Wetting Agent 
- _______

Str~~tgth_of _mixture 
_______ _______ _______ ______ _______ _______

Area Treated
Yds._:iide_by_Miles_Lon g 

______ ______ _______ ______ ______ ______

Acres spray ed 
_______ _______ ________ _______ _______ _______

Curredt: 1—
Direction & Speed 

_______ _______ _______ _______ _______ _______

Wind:
Direction_&_Velocity 

_______ _______ _______ _______ _______ _______

Weather 
_______ _______ ________ _______ _______ _______ -

Temp ,_ Air 
_______ _______ _______ _______ _______

Temp._Water 
_______ _______ _______ _______ _______ _______

Condition _ of _stream 
_______ _________________ _______ _______ _______

Reunarics:

SutsTtitted ________________________________
Hyacin th Plant Operator

Approved 
____________________________

Supervieor

SAJ Form ii~ l
26 May 61

I c- o u r s  I .  ‘s’o ’ i_ c -k l s  r c p o o r t  l o o t  t ot oi -\I ’( - oop o.-o’ it oo oo t ’.
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W(EKIY REPORT OF OPEPATI tJNS
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Figure 3. Typical completed report t oirm oil APt operations
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THE PROJ ECTED I MPACT OF WATFRHYACJNTH
I NFES ’I ’ATION IN TEXAS

h~
1

-\. R, Bt.’nton. Jr .*

INTRODUCTION

Ihe author has just comp leted a successfu l research project ~ hosc centra l obj ect ise was the
deve lopment of an economical remote sensing system b r  the detection and monitoring ol aquatic plant
infesta tions .1 Because it ~~~as considered inappropriate t o  viess the technical problem apart trom the
aquat ic plant problem itselt . the study also looked into such th ings as the history 01 the ~arious species in
th is countrs : their introduction, t heir spread. their resistance to control measures , and the ir economic
impact.

01 particular interest was the phenomenon of waterhv acinth evapotranspiration. Sin Jexas is
well along on a major program of surface water development , and since mans’ of t he state ’s large new
reservo irs have Increasing levels of waterhvacinth infestation , the problem of tota l evapotranspira lion
losses in Texas seemed wort~, look ing into.

W hat was needed first was an approximation of the level of infestation that might be expected in
1exa’ (. Next , it was necessary to determ ine what the resultant water losses might be from an infestat ion
of th~t magnitude. This paper describes how the approximations were carried oin and shows the results.

BASIS FOR TREND ESTIMATION IN TEXAS

There are a large number of factors that the various states have in common with respect to the
spread or control of aquat ic weeds. These include:

• the relative effect iveness of ongoing control programs.

-
. the high nutr ient levels currently inherent in most watersheds ,

• the c lose relationship between reser voir construction and spread of infestation , and, per haps
re lated to the increase in reservoir construction.

• the ubiquitous trai lered boat , quite probably t he most efficient spread mechanism of all,
Converse ly, there are many factors that would account for significant differences in outbreak

occurrence , spread rates, and control effectiveness. These include:
• differences in climate , e~g.. southern Florida’s semitrop ical cl imate permits waterhyacinth to

behave as a perennial, spread ing throughout the calenuar year if unchecked, ~ bile Texas ’ is less
benign and results in winter senescence for the plant.

• econom ic constraints , e.g., Florida has seen fit to make a SI 5.000.000 per year comm itment lot
plant control,2 w hile the Texas level of effort is less than 2 percent of that figure. 0

• legislative constraints that limit the effectiveness of biological control efforts . e.g. . Texas ’ law
prohibiting introduction of the white amur into state waters, and

• historical differences . e.g.. much of t he spread of wate rhyac inth in Florida occurred prior to the

• Koosooarch (‘oor donat~ r - En~ r o ll ) otienta I \t ( C 000 to r o  oo~i I.) h0 o~~o I oo r\  . l-t (’mo14 c ‘s ’IIsI CII ( ‘i’nI C r . I (‘CI’ \,~C “.1 t 0 0 0 5  (151 1’O - ( oiII(’I(
Stat ion , It’X]’. .
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discovery of the effectiveness of 2.4-1). while, conversel y . Texas ’ problems wit h watc rhvacinth
para lleled the advent ol’ tra ilered boats.

Keep ing these factors in mind, it is plaus~hIe to make a ser ies of comparisons , w ith respect tog ive n
spec ies. betwee n the growth habitat of Texas and that of a state havinga longer history of infestation.

EXAMINATION OF WATERHYAC INTH COVERAGE
T R E N D S  I N  O T H E R  AREAS

Florida seems an appropriate locale against which to compare and project the level of
water hyacinth infestation in Fexas. While Louisiana as a whole is more similar to southeast tex as in
c limate, its infested waters are for the most part lowland bayous ratherthan lakes or reservoirs. Further.
the literature concerning the Louisiana situation is scant and also indicative of order of magnitude
guesses on plant coverage. Florida. w ith its many natural and man-made lakes , its high level of
recreat ional boating activity , and the relat ively coo l and seasonal climate found in its northern half, is
not all that unlike east and southeast Texas. Flor ida seems also to keep somewhat better track of the
spread of waterhyacinth than other states.

The reporting of hyac inth spread over the years has been interesting. ‘l’hose who take the trouble of

making a reasonably accurate survey of plant coverage are usuallv ihe agencies having the responsihilit~
for hyac inth control. i.e., t he Florida Department of Natural Resources(or its precursors)and the U. S.
Army Corps of Engineers. It seems obligatory for these agencies . in the course of giv ing the current
coverage figures. to indicate that they actuall y represent an i~nproe emenF overthe condition that existed
a short time previous.

Thus we find a 1962 report by Tabita and Woods4 quot ing a 1947 Corps of Engineers survey, wh ich
discovered 25,000 ha (62,000 acres) at that t ime. The~ went on to est imate that  the 196 1 coverage was
32,000 ha (80.000 acres). which, t hey indicated, represented an improvement resulting from the Corps ’
maintenance program.

Blakey5 stated that good progress in hyacinth control had been made in Florida by the Corps of
Engineers, resu lting in a remaining infestation in 1965 of “less than” 40.000 ha (100.000 acres). Timmer
and We ldon,6 report ing the 1966 condition in Florida. stated t hat 36.000 ha (90.000 acres) o

waterh yacinth still remained after decades of intensive control operations.
f3urk halter 2 est imates the current hyacinth coverage at 120 .000 ha (300.000 acres), down from

160,000 ha (400,000 acres) severa l years previous. I-Ic also indicates that the coverage figure now seems
stable.

The results of these fairly steady improvements since 1947 are shown in Figure I. plotted in terms of

hectares and in terms of percent coverage based on Florida’s 1 ,000,000 ha (2 .500.000 acres) of fresh
water. The individual data points are circled. A best-fit exponential curve is shown as a solid line. ihe
equat ion of the curve is

y = 1.016 ~c095135 
—

w here y = coverage in thousands of hectares and x year 1890 (the initial date of infestation in
Florida waters).

Figure I indicates that progress in hyac inth eradication in Florida may not he as rap id as might he
hoped for , even w ith many millions of dollars being spent annually for control. It is also seen that
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hyac inth coverage in Florida has not reached a stable plateau. Quite t he contrary, it wou ld appear that
coseragc ssi ll reach IS percent or more in the near future. Barring a future breakthrough in control
methodology , the slope of t he exponential curve in Figure I indicates that if a stable co\eragL ’ is reached
in Flor ida. it ~ ould probably he at t he level ol not less than 2(1 percent.

~t~ st of Flor ida ’s la kes are natural water bodies. An exception is Rodman Reservoir in central
Flor ida. a cliniatological area subjected to frosts ot about the same frequency and sev e rity as the
sout hern half of the 1 exas coastal pla in. Rodman Reservoir was first filled in 1970 . at wh ich time
waterhvacinth s~as f irst noted. By August of 197 1 . there was a It) percent coverage of waterh sac int h. B~
October of (9 74 . desp ite concerted control efforts , the coserage of waterhyac inth had increased to 25
percent. It is of particular interest that the greatest spread occurred in 1974 . fo llowing a winter basing
k illing frosts. ’

[he Rodman Reservo ir experience indicates that southeast ‘l’exas . s~ith its rap idly increasing
number of reservo irs and lack of natural lakes , could quite probably experience mid- to long-term
coverage of waterhvac inth of at least the same magnitude as that anticipated I or Florida . about 2(1
percent.

In add ition. the Rodman Reservoir figures also indicate a quicker spread than that encountered in
natural waters. This is borne out by the .~xper icnce to date in Texas reservoirs. ‘[his may be the result of
the except ionally high nutrient concentrat ions in the major watersheds of both states.

l’he presumpt ion of 2(1 percent coverage on Texas reservoirs is not unreasonable, particularl y
cons idering the fact that the magnitude of the control effort in Texas is substantial ly below that of
Florida from the standpoint of total dollars, alt hough on t he basis of cost per hectare of waterh acinth
coverage it is more nearly equivalent.

A somew hat lower level of control effort is presumed to he currently under wa\ in Mexico . where a
great number of new irrigat ion reservoirs have recentl y been comp leted and a rap id spread of
waterhyac inth has subsequently occurred. i’ahle I shows t i., ‘ itest hyac inth coverage in a number ol
fairly new reservo irs.t

Omitting the two large reservoirs having very rece~ ‘ions . waterhvac inth cos erage amounts
to 5,450 ha on 15 ,210 ha of water surface . ora composite totai of 36 percent. [his substantial cose rage
occurs desp ite a modest mechanical and chemical control effort. ’

The Mexican experience is probably a good examp le of what might happen in I cxas if the control
effort fails to grow at least in proportion to cumulative reservoir surface area.

With respect to waterhyacinth. it will he assumed that coverage on Texas lakes s~ ill reach somes~ hat
between 20 and 36 percent: the lower figure if the current lese l of ef ’tect isencss and lese l of ef fort per

hectare is maintained, the higher figure ifcoverage increases s~ it hotit a commensura te iricrca~e in conirol
effort or effectiveness.

TRANSPIRATION LOSSES RESULTING FROM
WATERHYACINTH INFESTATIONS

[he arguments made in favor of aquatic plant control are usu aJl ~ centered on the pla nts ’ impact on
recreation, navigation, land values , public health, water qualit~ . and aes t het ics I hi’si’ arc all legitimate
iss ues hut dill icult ones to quantify. There does not seem In be a direct re lar i i ins i i ip  hcts~cen plant-
infested area, or percentage of total area infested, and specific economic or social losses resulting f rom
the factors listed ahose.
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Table I
Waterhyacinth (‘overage on Reservo irs in M exico

Area Waterhyac inth (‘overage
Reservoir ha ha %

Lago de (‘hapalo 15 .000 300 2*
Lago Chatitlan 2,200 200 9

Presa Solis 4,900 2500 51
Presa Yuriria 3.300 400 12

Presa Rusario 1 .380 550 40

l.ago de Patzcuaro 10.000 400 4*
Presa lbarra 270 60 22

Presa Endho 1,300 780 60

Presa Avila Comancho 1.800 900 50

Presa Capatiiio 60 60 100

Totals 40,210 6150 15

Totals , less (*) 15 ,210 5450 
— 

36

* New infestations.

It is difficult to equate a 5 percent plant infestation on a given lake with a 5 percent reduct ion in. for
examp le, recreat ional activity. However, a 100 percent coverage of aquat ic plants would certainly
const itute a 100 percent loss of recreational usage. Since loss of recreational value is cited perhaps more
than any other factor when discussing the impact of aquatic weed infestation, it has often had dollar
values assigned to it.

Federal and state agencies having the responsibility for aquat ic plant control find it necessary to
substant iate budget increases by raising the specter of potent ial dollar losses if plant spread is
unchecked. These hypothetical losses are then called “benefits” that would accrue if a given level of
budgetary increase for control were authorized. One must , of course, postulate t hat the requested
budget increase would result in subsequent control , heading off the projected economic losses.

For examp le, the U. S. Army Corps of Engineers9 est imated that $194 ,000 in annual benefits would
accrue from “eradication” of aquatic plants in certain lakes in east and southeast Texas. Eradication
costs were est imated at $29,000 per year , providing a hypothetical benefit:cost ratio of 6.7: I. Of the
$194,000 in benefits, $14 2,800 was to be the result of “restored recreat ional activities.” Of t hat amount .
$74,800 was to have come from Lake Corpus Christi alone. The analysis assumed that without control
ef forts the lake would become 100 percent infested by 1975; the $74,800 was therefore the assumed total
loss in recreational value. In the case of the remainder of the infested lakes in Texas . t he Corps developed
its benefit figures by multiplying the acreage of current infestation by the number of visitor-days per acre
per year. That result was in turn multiplied by an assumed benefit of $1 per v isitor day. This formula
provides a constant benefit per acre eradicated.

A lthough the Corps-recommended eradication program has been put into effect , the spread of
aquat ic plants is now greater than it was in 1968 when the Corps’ survey was made. i.it In addition, the
cost of control efforts has risen ten-fold. 3 an amount which considerably exceeds the 197 1-1976 inflation
rate. This indicates , among other things, that the problem is far more serious than it was considered to he
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at the time the henelit:cost calculation Wa s made.
Given the hindsight ava ilable now , it is easy enough to quest ion yesterda y ’s henel it :cost analysis:

however , one cannot ignore the necessity for it. Any ness course of action requires the belief that more
good than bad w ill accrue therefrom. In the case of a person or group seeking funds to inaugurate a new
or expanded program. somewhere a long the line someone must he convinced that it will he an
advantageous th ing to do. ‘[his is true whether the potential doer is the U. S. Army (‘orps of Engineers ,
the Flor ida E)epartment of Natural Resources , or the Texas Parks and W ildlife l)epartment.

The Corps’ figures on loss of ’ recreat ional potential max’ or may not he correct. [his author feels that
the important consideration in the case of reservoirs or canals is the water itself , not a secondary use of it.
For th is reason, it might now be usel’ulto considerthe amount of waterth at will he lost from its intended
use in Texas if adequate aquatic plant control ef for ts  are not made.

l’he State of ‘ lexas is now proceeding to carry out the objecti ses of an ambitious program to

increase the amount of water ava ilable f’or munici pal and industrial supp ly , for irri gat ion, and for t1os~
ma intenance in the estuaries. ’’ ‘[he quest ion to be answered is In what extent will the basic water
supplY expectat ions not he met because of the unantici pated impact of aquatic plants?”

[he s~ord “unant ici pated” is important here. The 1 968 lexas Water Plan ’’  discusses the loss of
stored water from evaporation and seepage. l’he plan also conta ins a brief passage on “confrol ot water-
ssasting vegetat ion.” This section . however , deals exclus ive ly ssi th phreatop hytes (woodv plants s~hose
roots penetrate the saturated zones in groundwater aquifers and adjacent to streams) and with brush
spec ies that transp ire water from the broad expanses of upper watersheds. Nowhere in the plan is there
ment ion of water losses due to aquatic plants. It is quite possible that aquatic plants did not begin to

represent a major problem in Texas until after the bulk of the plan had been ssr itten.
There are at least two major mechanisms for aquatic-p lant-caused water toss: tran rat ion losses

in reservoirs and losses in canals resulting from flow retardance. [he former ef fect has the greater
relesance to hyac inth infestations.

Basis for Projection

[he phenomenon of plant transp iration is reasonably sse ll known and the 1968 lex a s Water Plan
d iscusses transp iration losses from phreatophytes. Of even greater si gnif icance is the potential loss of
water from transp iration of floating aquatic plants in reservoir s . [he only widespread floating plant of
importance in the United States today is waterhyacinth. Several researchers in the United States have
investi gated transp iration rates of mature waterh yac inth. Iheir results are expressed in terms of the
ratio of plant transp iration to open-water evaporation per unit area. [he highest f igure ~~. was

obtained by Rogers and [)av is. ‘~ Timmer and We ldon.t in Florida . found a ratio of ’3 , 7. wh ile Penfound
and Earle. ’ ‘ in l.ouisiana . obta ined 3.2. The Rogers and l)as is experiment utilited periodic harvesting
to reduce crowd ing, wh ile the latter two groups left the plants in the crowded state usually found in
nature.

limmer and Weldon also took data on assumed causative factors , such as temperature. relatise
humidity. w ind speed. and solar radiation. They found little direct correlation of transpiration with
temperature. humidits. or a ir movement. They did, however. disco ser a strong correlation between
solar rad iation and transp irat ion, a re lationshi p that held a lmost constant u se r  the late \ pri l— t o—e a r l~
September t ime frame of the experiment. i’here ‘~‘~crc II week long measurements taken during the I 8-
s~eek per iod of the test.  The mean average weekl y transpiration rate was found to he 10.06cm (3. 96 ni.
and t he mean cumulative solar radiation per week was 3505 l angley ’s. [his equates to 2.870c m ( I .  I3()
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in.) of transp iration per thousand I.anglev ’s.
I he same experiment showed that there was not a cons ta lit relationshi p het~s ccii transpiration a iid

es aporation. Although the ‘[irumer arid Weldon mean value was 3.7 . the ratio s aried hets~cen 13.4 :1 and
2 .2 :1 . For th is reason, it does not seem appropriate to use the 3.7 fi gure as a factor  for determining
transpiration at a diffe rent place or time. It does seem reasonable. howes er . to use their den s ed
relationship between solar rad iation and transpiration as a predietise factor in 1 ex as .

Using th is relationship, the cl imatolog ical records for lexas. and the antici pated v ,aterhva c inth
coverage s for ‘[exas lakes der ived earlier , a reasonable projection of antici pated ssaler losses ma~ he
computed f’or the part icular areas in i’exas where waterh yac inth itilestat ion problems occur.

Areas Under Consideration

Water hvac inth is a semitrop ical plant. As such , it occurs within a limited geograp hic area in the
United States. It cannot tolerate extremely cold or protracted w inters . [he plant does s~cll throughout
Flor ida. w hose climate is dominated by maritime influence. [he Gulf (‘oast area , from the Florida
panhandle t hrough south Texas . being also maritime in climate . is rarely subjected tolengthl~ intrus ions
of w inter continental air masses. This situation holds for some distance inland from the immediate
coastal zone.

The Corps of Engineers, in its design memorandum for aquatic plant control in I exas.~ stated that
water hyacinth occurs in Texas to about 320 km (200 miles) inland. ‘I’he aut hor has selected an area of
assumed hyac inth coverage , wh ich conforms roughly to the Corps ’ stated 3 20-km range . For
conven ience, t his area includes all of the Sulphur . Cypress . Sahine. Neches. San Jae into . and I.avaca
Watersheds. It also includes that portion of the I’rinity. Brazos . Colorado . Guadalupe. .‘~an Anton io. and
Nueces watersheds that lie below the l50-m (500-ft ) elevation. ‘[bus, the area of ’ interest includes all
relatisely low—l ying areas in east and southeast ‘Iexas. It also includes all of the reser so ,rs that ss i l l
contribute s ignificantly to the Coastal Canal system of the ‘l’exas Water Plan.’’

There may be reservoirs within this area which , for one reason or another, would not he faced ss ith a
particularl y high level ot’ hyac inth infestation. (‘onversely . there are undoubtedly rese rs o irs lying itiland
from th is area. part icularl~ in south lexas , wh ich Wil l  achieve significant levels of inf es tat ion.  For the
purpose of th is study . howeser . it w ill he assumed that all reservoirs within the chosen area ss ill
potent ially reach the 20 percent infestation level developed earlier.

Determination of Net Transpiration
‘[he length of the growing season for waterh vacinth in Texas appears to vary from year to \ear. Ihe

plant has not been W idespread in this state long enough for rel iable figures to hase become established.
[he author has observed heasy infestat ions of healthy h~ac inth in Lake Liv ingston as early as mid- ~pr il
of 1974 and as late as mid- December of 1974 and 1975. Because the Winter of 1974-1 975 v ,as unusually
cold. heavy spring growth did not occur in E,ake l ivingston until late June. [he norm ssould appear to
he mid—May . I-or the purpose of this report , it is assumed that the period of ’ heav~ infe s tat iot i  in lexas
extends from June through November . inclusise.

Chmatological tables exist that provide long—term monthf~ averages of both solar radiation and
evaporation for t he various subregions within the State of I ex as. ° Average monthly c , imulat ise so lar
rad iation values for June through November has e been abstracted b r  each of the r iser basins and
summed in la hle 2. Similarly , t he June—throug h-Nosember mean monthly cun iulatise c\apo rati i it i
values ’’ hase been added together and are also listed in fable 2.
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Table 2
Net Transp iration in Texas , June Throug h November

Solar Net
Radiation Transp iration Evaporation Transpirat ion Ratio of
Lang ley ’s metres metres metres Transpiration to

Watershed lO . (ft ) (ft ) (ft ) I~saporatio n

Sulphur 83.59 2.40 0.80 1.60 3.02
(7.87) (2.6 1) (5.26)

Cypress 83.35 2.39 0.74 1.65 3.22
(7.85) (2.44) (5.4 1)

Sabine 82.42 2.37 0.70 1.67 3.39
(7.76) (2.29) (5.47)

Neches 84.21 2.42 0.70 1.7 2 3.46
(7.93) (2.29) (5.64)

Tr inity 86.04 2.47 0.80 1.67 3.07
(8. 10) (2.64) (5.46)

San Jac into 86.45 2.48 0.81 1.67 3 .05
(8. 14) (2.67) (5.47)

Brazos 86.77 2.49 0.92 1.57 2.71
(8. 17) (3.02) (5. 15)

Colorado 87. 52 2.51 0.91 1 .60 2 .77
(8.24) (2.97) (5.27)

Lavaca 87.73 2.52 0.87 1.65 2.9 1
(8.26) (2.84) (5.42)

Guadalupe 88.41 2.54 0.97 1 .57 2 .61
(8.32) (3.19) (5. 13)

San Antonio 89.26 2.56 0.95 1 .61 2 .68
(8.40) (3. 13) ( 5.27)

Nueces 89.57 2.57 1.10 1 .47 2.39
(8.43) (3.52) (4 .91)

Cumulative radiation in thousands of Langley’s appears in the second column of Table 2. The
Timmer and Weldont value of 2.870 cm ( 1 .130 in.) of transp iration per thousand E~angley ’s has been
multiplied by the solar radiation values in the second column to obtain June-through-November
transp iration. This is expressed in both metres and feet in the third column of Table 2. Kane’s
evaporat ion totals for that period15 are shown in the fourt h column in both metres and feet.

The fifth column lists the differences between transpiration and evaporation. This is the net loss of
water in a hyacinth-covered area during the June-through-November period, by watershed.

The final column in Table 2 lists the ratios of transpiration to evaporation for a unit area of
reservo ir surface. Note that the average ratio of the three watersheds adjacent to the l ouisiana border
close ly approximates the value of 3.2, which Penfound and Earle” obta ined for l.ouisiana.

Anticipat ed Loss in Water Volume
Given the Table 2 values for annual net transp iration, t he surface area of the reservoirs of interest.

and the 20 percent potential hyacinth coverage assumed for all reservoirs , t he annual water loss may he
calculated for each reservo ir by multiplying the three values together.
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Table 3
Exp ected Water I .oss in the Trinity River Wa tershed

Jun-Nov Jun- N os Jun-No v Planned
Surface Hyacinth Net Tran- Wa t er Annual Water I.oss as

Area Coverage spiration 1.oss \ ield Percent
hectares hectare. s metres ha-metres ha-metres Nor mal

Reservoir (acres) (acres) (It ) (acre -ft ) (acre-It ) V ield Fs a p oration

Cedar Creek 13 ,660 2.730 1.67 4 .55 () 24 ,bof ) 19 4l
(33 ,750) (6 ,75t)) (5.46) (36 .900) ( 19 5,000)

Houston County 520 100 1 .67 170 900 2(1 4 1
1 .280) (260) (5.46) ( 1 .400) (7 .000 )

Livingston 33 .430 6.690 1. 67 1 1 .130 l67 000 16 4 1(82 ,600) ( 16 ,520) (5.46) (90.200) (I 354 :00(f)
Tennessee Colony 48,360 9.670 1 .67 16 .100

( 119 ,500) (23 .900) ( 5.46) (130 .500)
Richland Creek 15 ,720 3,140 1 .67 5.230 24.700 21 4 l

(38,850) (7 ,770) (5. 46) (4 2.400) 200,00t)*
‘Tehuacana Creek 7.690 1 ,540 1 .67 2,550 12 .300 2 1 4 1

(19 .000) (3 .800) (5 .46) (20.700) l00 .Ot)t)*
Bedias 11 ,100 2,220 1 .67 3.690 12 .80(1 29 4 1

(27 ,400) (5 ,480) (5.46) (29 ,9t)0) (104 .000)
Wa llisville 7.970 1 ,590 1. 67 2 ,650 11 .100 24 4 1

(19,700) (3.940) (5. 46) ( 2 1 .500) (90.0t)0)
Anahuac 2.140 430 1.67 720 4,3t)0 17 4 1

(5 ,300) ( 1 ,060 ) ( 5.46) (5 ,800) (35.000) 
— __________

‘Fotals 140,590 28.120 1. 67 46.790 257.200 18 4 1
(347,380) (69,480) (5. 46) (379 ,300) ( 2.085.000)

* Estimated.

Table 3 shows these figures for a fairly typ ical Texas watershed. ‘[he first column lists the reservoirs .
both ex isting and planned. The second column lists reservoir surface areas taken from the latest
revis ions to the ‘Texas Water Plan. ’’  ihe third co lumn figures show antici pated hyac inth coverage .
equal to 20 percent of the surface area. (.‘olumn four contains the assumed average net annual
trans piration of hyacinth-covered areas , ta ken from Table 2. ‘[he fift h column lists the transp iration loss
volumes for eac h reservoir , the product of the salues from t he two previous colu m ns. Column six lists
t he annual yield from each reservoir according to the Uexas Water Plan . ‘l’he seventh column shows the
annual transpiration loss from each reservo ir expressed as percentage of planned annual ield. ihe final
column shows annual transpiration loss from each reservoir as percentage of normal anticipated
evaporat ion. The bottom line shows the watershed totals for reservoir surface area, plant coverage area.
water loss, and planned yield and the average percentage water losses for the watershed.

[he Texas Water Plan antici pates t hat each watershed will he developed to achieve maximum yield.
1.osses through evapotranspirat ion from hyacinth-infested reservoirs will therefore not ordinaril~ he
recoverab le.

‘[he percentage water loss for waters heds tends to be higher in the south than in the northeast. I his
is because average streamf low per unit area of watershed is greater and evaporatiiit l is les s in northeast
and east ‘fexas than in south texas. ibis allows greater sustained y ie ld per unit solume in the aserage
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east I e.xas reservoir , and thus , higher yield in proportion to transp iration losses .

The Lake Corpus Christi
Wate r Loss Study

A recent jo int study by t he l’exas Water l)evelopment Board and the 1.1 . S. Geolog ical Surse~
delve d into the unaccounted water loss of 6 l ,3t)0 ha—rn (497,00(1 acre—ft ) from l.ake Corpus ( hristi
during the per iod January 1958 to September 1 965. t .acking suf f icient data with which to substan tiate or
refute its conclusions , t he investi gators attr ibuted 95 percent of the loss to percolat ion into the local
aquife r. the Goliad Sands.

W ithout stating how the figure was obtained, the report estimated that unmeasured
esapotranspirat ion might account l’or the loss of 2.200 ha-rn (18. 000 acre—ft ) dur ing the f irst 4 \ears of
the 8-year study per iod.

(iuerra ” states that water hyacinth was introduced in l ake (‘orpus (‘hr isti in l930and by l97O had
expanded to cover 3.200 ha (8 .000 acres), about So percent of the lake ’s surface area at that t u ne.
Assuming a mean water hyacinth coverage of 2.400 ha (6.000 acres) dur ing the period January 1958 to
September 196 5, a transp iration loss of 29.000 ha-rn (236 ,000 acre-ft ) can he read ily calculated using the
net trans piration value from Table 2. Thisa mountsto roughly half ofthe unaccounted loss and makes it
easier to just ify loss of the ba lance through percolat ion into the Goliad Sands.

Total Losses in East and Southeast Tex as
We now have significantly greater information concerning the water loss potential of aquatic plants
was ava ilable during the writing of the Texas Water Plan ’’ or of the report on 1.ake Corpus

In future years the water loss phenomenon will cease to hea localized or infrequent curiosity in
tate of ‘Texas. It will instead be a major problem that should be carefully evaluated in the course of

lanning for opt imum use of the flow in the watersheds of east and southeast ‘L’exas .
Table 4 summar izes the bottom line figures for all the watersheds listed in ‘[able 2 . The bottom line

of ‘[able 4. in turn , indicates the total water losses that may he antici pated when the average level of

water hyacinth spread reaches the not unlikely level of 20 percent. as it seems sure to do in Florida. Ihe
total for all waters heds is 256.000 ha-rn (2.075.000 acre-f ’t) per year . or 19. 5 percent of the planned y ield
of all of the reservoirs in the areas under consideration.

Economic Impact in Texas
The costs of water in a given reservoir or reservoir site var~ with t he cost of construction . the net

amount of water t hat may be diverted from downstream tlow .and the operat ion and maintenance costs
involved in water storage. diversion , and del ivery.

‘[he pr imary customer for the surface water in l.ake Livingston is the city of Houston. An ongo ing
study of Houston ’s water requirements assumes that Lake Livingston water can he delivered to the city
for $584 per ha-rn ($72 per acre-ft). ‘~ Since roughly half of the construction and operation costs involves
the distribution system , t he value of water in the reservoir is closer to half the cost indicated above.

Rough est imates by the Bureau of Reclamation indicate that the cost of W ater  from Choke Canyon
Reservoir Will he about $340 per ha-rn ($42 per acre- ft) and that Ciholo Reservoir water Will cost close to
S8l0 per ha-rn ($100 per acre-ft). Choke Canyon water requires no deliscrv system. [he water s~ill
simp ly he held in the reservoir for delivery down t he Nueces Riser to Corpus Christi l ake and
subsequent del ivery through the existing Corpus Christi distribution system. ’’
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Table 4
(‘umu lati v e Annual Water l.oss from

Waterhya cinth —E as t and Southeast Texas

Surface Hyacinth Net Tran- Water Planned Water Loss as
Area ( overage spiration I.oss \‘ield Percent

hectares hectares metres ha-metres ha-metres Normal
Watershed (acres) (acres) (It ) (acre-It ) (acre-It ) ~ ield Ev aporation

Sulphur R iver 124 .820 24.960 1.60 40.010 174 .90)0 23.0 40.0
(308,440) (6 1 ,690) (5.26) (3 24,400) ( 1. 4 18 .000)

Cypress Creek 38,550 7,710 1.65 12 .700 83 .600 15.0 44.0
(95 .260) ( 19 .150) (5. 4 1) ( 10)3 .0)0)0)) (678 .000))

Sabine River 126 .740 25.35(1 1.67 42,300 332 .700 13. 0 48.0
(3 13 .180) (6 2.640) ( 5.47) (342 .900) ( 2.697 .000)

Neches River 148 ,460 29.690 1 .72 5 1 ,050 278 .600 18.0 49 .0
(366 ,860) (73 ,370) ( 5.64) (4 13 ,900) (2 ,259,000))

[rinitv River 140 .590 28.160 1.67 46.790 257.200 18 .0 41.0
(347 .380) (69 ,480) ( 5.47) (379 .300) (2 .085 .000)

San Jac into River 14 ,140 2.830 1.67 4.720 21 ,500 22. t) 41.0
(34 ,930) (6,990) ( 5.47) (38 ,300) (174.000)

Brazos River 59.840 11 ,970 1. 57 18 .790 5 1 .41)0 37.0 34 .0
(147 ,880) (29,580) (5.15) (152 .300) (417 .000)

Co lorado River 16 ,1 50 3.230 1.60 5.190 1 5.200 34.0 35.0
(39.900) (7 .980) ( 5.27) (42 .10)0) (12 3 ,000)

l.avaca River 7.470 1,490 1.65 2 .47(1 13 .000 19 .0 38. t)
( 18 .470) (3 .690) ( 5.42) (20.000 ) (105.000)

Guadalupe R iver 51 .360 10.270 1.57 16 ,060 30,600 53.0 32.0
(125 ,920) (25,380) (5.13) (130 .200) (248 .000)

San Anton io River 27.620 5.420 1.61 8,870 21 .60)0 41.0 34.))

(68,250) (13 ,650) (5.27) (71 .900) (175.000)
Nueces River 18,510 3,700 1.47 5,540) 27,400 20.0 18.0

(45.740) (9,l50) (4.91) (44,900)) (222.000) 
—

Totals 774.270 154,850 254.49(1 1 .307.700 19.5 41.6
(1.913.210) (382.640) (2.063.200) (10.60 1 .000)

It would appear that $325 per ha-rn ($40 per acre-fl ) is a reasonable value for currentl y developed
su thtce water in east and southeast l’exas. This be ing the case, the previously cited 256 .000 ha-in
(2 .075 .000 acre-ft) of annual water loss in that part of the state would be valued at S83.000.t)0() per year in
1 976 dollars.

[his is a se r~ substantial loss result ing from aquatic weeds , far more , certa inly, than what might he
attr ibutable to loss in recreational value.

With this magnitude of loss involved , it would certainly pay to insest a rather eonside iah le amount
in an effecti se aquatic control program for lexas . If. f’or example , a resulting 5)) percent decrease in
aquatic plant coverage might be presumed . control program funding at the level of 2() percent of the
maximum loss figure would prove a bargain. Thus, a SI 7.000.000 per year control program s~ould bring
about benefits on the order of over S40.000.Ot)0 per ~‘ear.

It is the author ’s contention that a control program of this relative si/c. incliis ,s c of a concurrent
remote sensing monitoring capabilit y . would make a 50) percent reduction in infestat ion quite feasible.
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It. I’ . I heriot *

BACKGROUND

Historically , most aquatic W eeds hav e been controlled h\ chemical and mechanical means .
Recently , howe~ er , there has been a push to dese lop the capabil i ty fot using various biological ag~ nts f o r

contro l of certain problem aquatic plant species . I he major inipi :s behind this push is the concern
regard ing detrimental effects to the environment because of prolonged chemical use in a r ’ a s  (i f chronic
aquatic weed problems. ~\ ls~>. the sp iraling cost of chemicals arid cnerg\ needed to conduct chemical and
mechanical aquatic ss ced control programs has become prohihitis e. It is generallr thought that
bio logica l controls will he more economical and more co m patible wi th the ens ironmelit in s~ hich t hey
are placed.

Earls ’ biological control rcse~trch involved the use of insects for control of alligatorweed and , more
recently, of water hvacinths . Subsequent research has involved plant pathogen.. and herhis orous fishes.

.-\ herbivorous fish f rom China , the white am ur . has receive d cons iderab. ’ at tent ion because of ts

ability to consume large amounts of submergent segetation. \\ it h the alarming spread of hrdri lla and
Eurasian watermi lf oil in the last decade , researc h has been escalated to determine ii indeed the ss hite
amur can be utilited as an aquatic weed control , too .

It should he realiied that the question is miot s~ hether or not some number of W hite amur per acre
ss il l control most species of submersed segetation. I his quest ion has alreadr been anss~ered. I he
question is whether or not ssc can control the segct a t i o n at some acceptable les c I and at the same time
cause as f’ew detr imental effects in the existing environment as possible as compared W i th  other exist ing
methods of control , i.e. chem ical and mechanical.

‘[he (H S. Army Engineer Waterwa ys Fxpc rtt i ient Station )W F S )  ha’. des igned a large-scale f ield
test on E.ake Conway. Florida. to determine the teasi h i l ,t y of using the ss hOe amur as an agent for  the
control and management of hydrilla.

In v iewing the white amur as a possible operational tool to control aquatic plants . s~e find that not
enough is known on which to base an assessment of the e f f e c t s  i t  the f ish on various components of the
system. ‘I he system responses . along s~ it h stated desired long-term effect s , predict such aspect s as
stocking rates , stocking su es , opt imum time for stockin g. and intervals for restocki ng. if necessary . l’o
determine these cr itical rates and times, it is necessa r\ f irst to ans\se r se\ er al basic questions. I-or
example . what is the effect of the wh ite amur on hvdrilla. and how do we measure the ef f ect ’? \V hat us the
effect of the W h ite amur on the ecology of the lake ssa te r quality , game f is h. ioo plankton . and
phytop lankton. etc.? What happens to t he white amur w O n time growth , mortal ity , food habits , etc.?
What waters are amenable to plant contro l using he ss lu te ,imur ’?

To answer these quest ions. we hase contracts ss it h the l ois ers itv of Florida. the Florida Game and
Fresh Water Fish Comm ission ( F’G&l W l ( ’ , t he Orange ( ‘ount r I’ollution (‘ontro l l)epartnient. and

tt , ,l niis i. \ qu~, ul c I~) i i i t  Re search f t r , jnch , f it s , ,n,ne,,i,,I Ss s met t i  I ) si ii I ~ Si in’, I ugineer \\ alein , i \  i spe riment
Sta t inn . ( t . V ick shiirg. St i ss , ss i  ppi
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the Flor ida I)epartment of Natural Resources to collect the data on the l ake (‘onwav project. It is
recogniied that the emp irical data collected Will not in itself provide a suffi cient picture of the dynamics
of the ecosystem to alloW pred iction of the et f ect iseness o re f fec ts  of introducing the white amur. For this
reason , we are contracting for a perfor ming in-house , extens ive modeling. I’his effort will provide the
necessary veh icle to incorporate the data and provide us Wi th  a predictive capabilit y in usingthe fish.

In addition to other data now being collected , we are also W riting a statement of Wo rk to request
proposals to col lect data on reptiles and amp hibians . asth is work unit W a s  inadvertentl y omitted from a
prev ious contract.

TEST SITE

Constraints on Selection
In accordance wit h the field operational orientation of the 1.SOM1. selection of a test site Was

constra ined by only two qualilving criteria. First , the test site had to he relatively large. so as to he
reasonably in scale with the operational requirements of the sites in which the target plant species exists
as a general prob lem: otherwise , it could be of any site , shape , or locat ion consistent with feasible use of
t he s~hite amur . Second , the test s ite had to constitute a definable , relatively closed ecosystem, such that
the inflows and outflows could he reasonably established and controlled, if required by local, state , or
Federal regulations.

Selection of Lake Conway

Lake Conway. along with a number of other systems , met these cr iteria. 1.ake (‘onW ay W as
ult imately chosen because of the relative ease with which the system could he made secure, owing to the
sma ll number and size of inflows and outflows and stabil i t y of water level , wh ich fluctuates only 2 to 3 It
annually.

For those of you w ho are not familiar with the project site , it is composed of I.ake (jatlin. the t s~o
poo ls of Little Lake Conway. and t he two pools of ’ Lake Conway (Figure I). Ihese Ike pools ,
compris ing 1820 acres , make up the test site for t he large-scale field test With the Whit e amur.

Security of the Site

To protect the integrity of the study site and prevent the escape of a viable fish population from it .
three fish barriers will be erected, two in Lake Conway and one in Lake Mare Prairie (Figure 2).

Structure I (Figure 3), the main concern, is an outlet consisting of three concrete culverts under
Daetwy ler Drive. Fish escap ing at this location could easily travel to Lake Mare Prairie down Boggy
Cree k to the Lower Lakes Region and ultimately to Lake Okeechobee. For this reason , structure 3 on
Lake Mare Prairie would serve asa secondary harrier along this route. To protect the fish harrier erected
at structure I, a debris barrier was built immediately in front (Figure 3).

Structure 2 (Figure 4) is a rectangular concrete culvert under the Seaboard Coast Line Railroad
near the corner of Orange Avenue and Jamaica Street in Orlando. This culvert is in a small canal that
carr ies overflow from Lake Jessamine into Little Lake Conway.

Structure 3 (Figure 5) is the outlet control structure for the Lake Mare Prairie and the secondary
barr ier to structure I.

We are at the present t ime negotiating for construct ion of these barriers.
As an additional precaut ion for maintaining a viable fish popul’ition. t he W I-S contracted w ith the
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l igure 5 ()uilem euu niru,t struct ure (s lr uciure t i  u i  I ike \ I ,ure I’ i.u i ie ‘ i euseu b t i n, i ip ’ .m re.Ini

151 )1 Fish Farming Experimental Sta m uon at Si uitt ga i t . \ i  k ,uns .ts , to produce a monuusex f ish

population. I he Fish Farming Experimental St ,t t uon us at the preset it t ime gruuss tog the tus h that ss ull he
used in the l.ake Conss.av project to control the aquatic ~‘,~ eds . particular lr hrdri l la.

LAYOUT OF SITE FOR COLLECTION OF DATA

lo faci l i tate the collection of data , the \\ I S has established a s\ stern of 14 control transect ’ .  for the
test site IF igure 6). 1 hese Were selected af ter  consideration of the general character ist ic ’ .  of the area as
res ealed by aerial photographs and on—site inspect ion. I’ les en permanent s ta t ions has e been established
at selected points along these transects. 1 hese are designated as cot itrol stat ions and ss ill pros ide
reference points for locating sampling points to he used throug hout the period of the l.SOM I . In
addition , supplementary data stations mar’ he established hr the m di’. udual contractors for collecting
additional data that t hey think ma he necessary. I t hese permanent control data sta tions ‘.~ ill enable u s

to possibly determ ine causes due to subtle changes in the sr stem because of the amount of d i f ferent  data
being collected in close pro.’.lmity.)

All samp ling points used at every sampltng unter s al will he referenced on a gridded hlatu k map
pros ided by the ‘sVE S. to he submitted w ith the data to the \ ‘s’l IS (Figure ~ ).

STOCKING OF WHITE AMUR

In addit ion to considering the lake system as a t  ota l W ater  hodr. each of t he It s e pou~l~ t hat c’uum prtse
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the I ake (‘onss a v system will he considered separately for stocking purposes. I he total submersed

segetation (stand ing crop) existing in each pool , as well as the time selected for achies rig control , will
determ ine the m di’. idual stocking rates regardless of surface acres of water unvolsed. I he standing crop
of all plant species w ill be determined from data collected monthlr hr the 1- hum ida I)epartment of

Natural Resources. ‘l’hese data in association With the results obtained from a stocking model Wil l  he
used to determ ine the total number of fish needed to stock each of the pools in the test site.

l’he stocking rate w ill, in part . he determ ined by the size of the fi sh at the time of relea se. We are
obtaining monthly reports from the Fish Farming I’ xper imental Station in Stuttgar t on the groW th of
the monosex f ish population. From these reports we Wil l  he able to predict W hat the size of the f ish W i l l  he

U~~Ofl release.
One of our major logistical problems is getting the fish population from Stuttgart .  ‘..rkansas . to

Orlando. Florida. ‘I’ransport ing of the fish Will he done by a commercial fish fa rmer trom the Stuttgart
area. He will he under contract to haul the white amur from the rearing ponds in Stuttgart to the test site
at Lake Conway. The vehicle used to transport the fish to F lorida Will he a compartmented tank truck
W ith a carrying capacity of 15 .000 lb of fish. ‘l’he truck W il l  he loaded in Stuttgart in the af ternoon and
travel overn ight, arr iving at a WES-desi gnated release site on lake (‘onwa r the next day (trasel time
approximately 20 hr). 1’ pon arr ival at the release site , load mortal ity Will he est imated. In addition.
representati se samp les of the fish will he taken (in accordance With arrangements made with the
FG&FWF ’C) to the Florida State Fish Hatchery at Rich L.oam to he suhsequentl r observed for

determ ination of iong-range mortality.
Seseral access s ites for stocking each pool have undergone preliminary evaluation and t W o  sites in

each pool have been chosen, based on access ibilitr and loading capacity (Figure 8). Just pruorto release .
an additional evaluation of release sites will be made. In cases Where we feel the release sites Will not
accommodate the s ire of the large tank truck , W e Will transfer fish to a smaller fish truck for release.

In the test plan. it was mentioned that W C  were considering marking the fish pr ior to introduction.
After cons idering all aspects . we decided not to mark the fish. This decision was based on a number of
reasons, i.e.. cons idering the small number of fish at our disposal. we could not afford to lose ve ry mans

in handling while marking. Also, the t ime of the year is critical. Because of cold Weather, the fish ‘.~ ould
not heal rap idly from the marking technique and it would he very difficult to determine morta lity once
they were released. As I ment ioned earlier , basel ine data are being collected. We plan to introduce the
f ish the latter part of February 1977.

LONG-RANGE PLANS

A fter introduction of the white amur into Lake Conway. it is planned that the contractors will
cont inue to intensely monitor the system for 2 to 3 years. After this time , the W ES Will continue to
monitor the system much less frequentl y for as long as it is advantageous to do so.

It should be emp hasized that by control we do not mean comp lete eradicat ion of the aquatic
vegetat ion. Plant control is a goal that can only he reached within relatively broad limits because of the

groWth dynam ics of both the control agent and the weed population. I: us antici pated that control can he
eff ected at I.ake (‘onway in 3 to 5 years without danger of removing so much vegetation that the
ec iis rstem Wil l  become unbalanced.
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V . (iuullory.~ R. I,and.* ,und R. ( ias aW a r **

INTRODUCTION

I he Li . S. Army Engineer Water W ays 1’.xper umcnt Station is sponsoring a large-scale.
multiorganizational field test to determine the eff ’icacr and ensironniental e f f e c t s  of gi .iss carp in
conjunction with herb icides to control hi ’drilla in the lake (‘onW a r (‘ham . \s data on the
ens tronmental effects and Weed control of grass carp in large lake systems are lacking. research findings
Will provide a working base for the future use and management (If grass carp in Florida ’s public Waters .

‘[he Fisheries I)isision of the Florida Game and Fresh Water Fish (‘ommiss ion Was contracted to
monitor the fish, W aterfoW l, and aquatic mammal populations and sport f ishery in the I .ake (‘on war
system before and after introductuon of monosex grass carp in February 1977 . In order to es’aluate the
potential effects of grass carp introduction upon l ake (‘onwav . basel ine conditions as they exist before
grass carp introduction are being described for comparison with data after grass carp introduction .

Evaluation of changes associated with the introduction of grass carp W il l he determined using the
follow ing techniques:

a. Life history information is derived front four fish of dis’ergent trophic lesels and ecological
habits - chain pickerel , bluefin killifish . bluegill, and largemouth bass.

b. Six sampling methods , wegener ring. electrof ishing. gill net . hlocknet-rotenone . 10-ft se ine, and
20-ft seine, are used to determ ine the distribution , spec ies composition . diversity , and
abundance of fishes according to habitat types.

e. Sport fishing is measured by a stratif ied random creel survey utilizing nonuniform probability
sampl ing.

d. Waterfowl and aquatic mammals are samp led by direct count.
The purpose of this report is to present methods utilized and certain aspects of the l.ake (‘on’.sar

sport fishery and fish populat ion data collected thus tar.

MATERIALS AND METHODS

Fish Sampling

Six samp ling methods were used on l ake Conwa y to determine the distribution , species
compos ition. diversity, and abundance of fishes: blocknet samples in June, 20-ft seine and wegener ring
from May through September . and lU-It se ine, gill net . and electro fishing from JuIr’ to September.

Two wegener ring samples were taken at each of six stations monthly in shallow . heav ily vegetated.
littoral areas. Five blocknets were taken in deeper littoral habitats. Both methods are quantative and
were used to determine the approximate standing crop. abundance, and spec ies composition of fishes in
samp led habitats.

* I’ I,irida (jaune and I re’.Fu’,’,ater t ish (‘ u rnrnuss l ru u . 5950 \S’est (‘iulu’ii ral I ) ruse , ( )rI.iiud,’ . I’ I u u ’ id~i
* * ~ li n da Game and f resh 5% amer I- ish (uu mmuss iuln . o44 I-~ ‘ark ‘Si ernie, I a ke ‘.5 ales . (‘liii ida
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Iw o seine collections accompanied wegener ring samples monthly at each sample station. One
se ine collection of live hauls was taken in unvegetated “beach” habitats With a 2 ( 1-ft seine, and the other
adjacent to emergent vegetation wi th a 1( 1—ft seine. One hour of electrofish ing at six stations was
undertaken monthlr in littoral areas , w i th each station subdus ided into naturally segetated and beach
habitats and electro lished for 30 mm each. Sinking and f loating gill nets 1 51) ft long Were set overnight
monthly at each of four stat ions in limnetic areas. Seine, gill net, and electntlishing samp les ‘.sere used to
descr ibe the species composition and relat ive abundance of fishes occupying the respective habitats
samp led.

Creel Census
Sport fishing was measured by a stratified random roving creel surs’ey utiluiing nonuniform

probab ility sampling as generally described by Pfe iffe r ’ and more speci fically for Florida by Ware . Fish.
and Pre’.att2 . Stratificat ion of this survey involves random selection with nonuniform probabilities of
per iods of time and days (weekday and weekend). Five days . including at least one weekend day, were

selected for creel survey ing in eac h 2-week period. Each da, was divided into four periods (0700-1000 .
1000-1300, 1300-1600 . 1600-1900) w ith probabilities assigned in proport ion to daily sariations in fishing
pressure.

As employed on Lake Conway, interviewed anglers were requested to provide the following
information: time spent fishing (effort), number and k ind of fish caught (yield), and species sought.
Dur ing each creel per iod a count was made of the numher of anglers present at a given t ime. ‘[his count is
termed an “instantaneous count” and u.s used in conjunction with other interview data to derive
expanded (total) est imates of yield. effort , and catch per unit effort.

Creel census data are normally coded and submitted to the Sout heastern Cooperative Fish and
Game Stat istics Project located in North Carolina State for computer-derived estimates of total and
spec ies yield, harvest , and catch per unit effort. However, as these data are submitted quarter ly. hand-
computed success rates for species fished for are presented in this report:

Waterfowl and Aquatic Mammal Sampling
Waterfowl and aquat ic mammals are sampled monthly by direct counts from boats. Number and

spec ies are recorded. Sampl ing will be sufficient to detect gross hut not detailed changes over the study
period.

Fish Life History
l ife history information is derived from selected species to monitor possible changes fo llowingthe

introduction ofgrass carp. Four species of divergent trophic levels and ecological habits are emphas ized:
chain pickerel ( Esox niger). bluefin killifish ( Lucania goodei). bluegill ( Lep oini. ’. ,na er ochir u.s). and
largemouth bass ( Micropteru.s .salmozde.s). Other species are being examined in conjunction With other
statewide f ishery research projects.

Representatives of the four major specks are being examined monthl y for sex and gonadal
development. Ova counts are made on grav id females for fecundity analysis . (iame fish reproduction
success is measured in terms of numbers of juveniles Which appear in seine. wegener r ing. and hlocknet
samples.

l’ he overall population structure of the population and growth, if poss ible. of selected species w i l l
he determ ined f’ rom lengt h frequency data. Condition factors , a means of evaluating fis h condition by
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mathematically defin ing robustness , will he determ ined on the selected game species according to the
formula K ( W 1 . )  * l0~ ( l.agler 1 ). I he length—weight relationship of selected sport species Wi l l  he
derised from the regression fine of lengt h and weight . where log W log c h (log 1 . 1 1  I.agler ’(.

len specimens of each species will he taken nionthl~ for food habit analr su s . Stomach contents are
identif ied and enumerated.

(‘hanges in condition, length—weig ht relationships , and food habits will he used to e’ .a luate tood
chain changes assoc iated with grass carp introduction.

Field Data Analysis
Species thversit i ’ . Number of species us the simp lest wa y to describe the diversitr of an assemblage

and, as illustrated by Poole.4 t he only truly objectise measure of ’ species diversit y . Howc’.cr , more
meaningful analysis of natural communit ies ins ols es mathematical di’. ers ur indices. I he biotic
dusers ity is dependent upon the number of species present (species varuet r or richnessland the numerical
distribut ion of species among the assemblage (equitability) . In low-diversity communities , a less species
tend to be numerically dominant and numher of species is relativelr lOW ’ , i.e.. equitabilit y and richness
are reduced. In areas of high diversit y, a larger number of ’ species and more even numerical distribution
among the spec ies are characteristic. It is important to consider both species richness and equitahilitr
separately, as number of species depends pr imarily on the structural disers ity of a habitat. Whereas
equitability is more sensitive to the stability of physical conditions ( l loyd  and (ihelardi~).

Information theory is one method ofspecies dis’ersitvana lvsi s . In fhisca se . diversity is related to the
degree of uncerta inty of any randomly selected individual. One information theory formula, ss hich is
sensitive to bot h numbers of species and the relative distribution of individuals among the species . us
based on the machine formula presented by lloyd. Zar , and Karr :~

s = ~~h

where

S = success or catch of species “a” per hour of fishing for a given species
c catch of t hat species by fishermen fishing l’or the species
h = hours of fishing for t his species

Mean diversity, as calculated above. may range from zero to 3.32 19 log N.
Because the value of d is determined by bot h species richness and equitahilitr . stat ist ical

procedures have been developed for separate ca lculations of these two components of dise rs it ’ .. I he
spec ies richness was determined by the following (Margalef” ):

= 
~ (N log ION - n1 log IOn1)

where

C = 3.321928 (converts base 10 log to base 2)
N tota l num ber of individuals
n1 = number of individuals in species i
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lo esa fuate the disc rsi tr  component due to the distribution of imidi s uduaf ’ . among the species . the

ca lculated d s aluc is compared Wi th  hr-pot hetical ma xu mum d based oiì an arh it raru lr se lected

distr ibution W here all species are equally ahuuidatut \ lc.-\ r thuut ’s ‘ ‘ ‘  hm ’ uu kct i stuck ’ ’  imudel. I tui~d and

(ihelardi~ des ised a table for determ ining equutahul itr hr ciuniparing the number of species ~~ in t he

sam ple ssit li the numhcrof spec ies cxp ectcd (5’ ) f ro m a cuuuiii i ituti ut~ t hat cu ut i f  (urms to \ le ‘\ rthur ’s mode l.

l)
log N

‘.vluere
S = number 14f sl)~’C iCS

N = n umber of ’ individuals

Equitabil ity, as calculated . mar range from 0 to I except in the unusii,il si tuation ss here the distribution
in the samples is more equitable than the distrib ution t ’csu lt ing from the \le \ rthur model. Which
occasionally occurs in samp les containing only a tess specimens ‘.s tb se ser a l  tax:u represented.

It should he noted these methods are theoreticall y based and ss hemi used toget her pros ide insight
into s pecies dt s ’ e rsu tr .  Each may he questionable alone.

1)ominam’e rankink’. Ono’s9 method of assessing the relative abundance and frequency ut

occurrence of species was uti li,ed Wi th  certain modification to meet present needs . For each taxon the
number of occurrences in all gear types is plotted against its ranking score as determined hr ‘uan ders ’

biological index (Sanders~ ). J’his biological index us used to measure relatu se abundance h~ assigning

rank ings in pooled samp les foreach gear t r pe for the IS most common species so that IS points arc gusen

to the most abundant spec ies. l4 points to the second most abundant spec ies . and so fort h. S e r i e s  for

eac h species in all methods are then summed and species are ranked accord ingly.

These s’alues are placed on a graph that is di’. ided into quadrants hr solid lines representing mean

values of occurrence and Sanders ’ biological index for all species. I)om:nant species (i.e. those that

occur frequently and in large numhers)appcar in the upper-rig ht quadrant. ’.’. hereas species in the upper-

left quadrant have a loW’ frequency hut when present are s-cry abundant. Species in the loW er-left

quadrant are uncommon in both abundance and frequency . isit h species in the losser-rig ht quadrant

occurring frequently hut seldom in large numbers..

RESULTS

Abundance

Block ne t.  Blocknet samples in lake (‘onss’ay produced an aver age of 19.629 f ish ha. sseig hing

133. 15 kg( lahle I). Numerically, the most abundant species was the bluespotted sunf ish. Which yielded

12 .697 ha and comprised 64.42 percent of t he total catch. l.argemouth bass were second in abundance
v,ith 1 .398 ha (7 .11) percent) . folloWed h~ bluefin killifish W ith I .8 1 1  19 . 19 percent) . warrnout h with

1 .08 1 (5. 49 percent). redear sunfish W ith 98 5 (5.01) percent) . and bluegill ‘.suth 965 (4.9(1 percent) An

additional 14 species ssere encountered in blocknet samples. hut all comprised less than I (I percent of ’

t he total catch.
By W eight. t he dominant species ssas redear sunfish With 3 1 .88 k g ha (23 94 percent). lol lossed by

bluegill and largemout h bass wi th 25 .09 ( 18 .84 percent) . and 23 .77 ( 17 .85 percent ) k g ha. respectivel y.
(‘ham pic kerel With 19 .89 114 .93 percent) and hluuespotted sunfish W ith 16 .34 (1 2 . 27 pcrcen t ) kg ha ssere
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Table I
Aver a ge Blocknet Yield Per Hectare and Percent (‘ ompositi on

of Fishes in L .ake (‘onway—June 1976 (N = 5)

c/f*
Wei ght Percent Composition

Species No. k g No. Weight

Ekirida gar 0.20 0.30 0.01 1) 23
Giiiard shad 0.40 0.37 0.01 0.2~
‘l’hreadf ’in shad 28,40 (1.53 0. 14 0.40
(‘ham pickerel 130.20 19 ,89 0 .66 14.93
Golden sh iner 2.40 0,2 1 0.01 0.16
Coastal sh iner 8.16 0.10 (( .4 1 0.08
Brow - n bul lhead 142.00 4,59 0.72 3.44
‘Fadpole madiom 1.00 0,01 0.01 0.01
Sem inole killifish 54.40 0.08 0.28 0.06
Bluef in killifish 1,810.60 2.19 9.19 1.64
[.east k illifish 10 ,00 0,01 0.05 0,01
Broo k silverside 11.40 0.1)4 0.06 0.03
Bluespotted sunf ish 12 ,696.60 16 ,34 64 .42 1 2.27
Warmou th 1,081.20 5.65 5. 49 4 .26
Blueg ill 965.20 25 .09 4.9(1 18.84
l)ollar sunf ish 102.40 0.76 0.52 0.57
Redear sunfish 985,20 3 1,88 5,00 23. 94

[.argemouth bass 1,398.40 23 .77 7 . 10 17,8 5
Black crapp ie 195.00 1. 25 0.99 0.93
Swamp darter 6.20 0.09 0.03 0.06

T ota l 19.629,36 133. 15 I 00.00 100.00

* N umber of organisms per unit effort.
the only ot her species comprising more than 5.0 percent of the total wei ght.

Sport fishes as a group averaged 4.755 individuals - ha wei ghing 1 17.03 kg in Lake Conway blocknet
samples (Table 2). Forage fishes yielded 14 .805 individuals and 20.71 kg ha. Thus, sport f ishes
dominated by weight (82.05 percent of the tota l). whereas forage fishes s;ere numerically dominant
(7 5. 14 percent of the total). The “other ” category was re latis’e lv insignificant in numbers and hiomass.

Harvestable sport fish in hlocknet samples averaged 220 ha weighing 6 1 6S kg (Table 3).  Redear
sunf ish ranked number one in number (98~ ha) and biomass (18.63 kg ha). Largemouth bass , the most
sought after sport fish , yielded 28 harvestable fish , ha weighing 18.19 lb. Chain pickerel (much potent ial
hut unused by f isheries) averaged 36 harvestable fish weighing 17.4 1 kg ha.

Wegener ring. Wegener ring shallow-water samp les , on the average , y ielded a total of 27. 18 fish
weighing 23.56 g per collect ion (coil) (Table 4). Numer ically, two spec ies comprised 70 percent of the
total number —mosqu itofish with 13.20 — coIl  and bluefin killifish with 5.83 coIl. An additional three
species, including Seminole killifish. swamp darter , and coastal shiner yielded between 1.0 and 2.5 coIl.
Bluefin killifish contributed the most hiomass 7.68 g coil. Bluegill, mosqu itofish . Sem inole killifish.
and warmouth produced an average of 2 to 3.5 g coIl.
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l’able 2
Average Number and Kilograms of Sport , Forage , and Other Fish Per

Hec t are in Lake (‘onway Blockne t Samples—June 1976 (N 5)

c/ f *
Wei ght Percent (‘omposition

(‘ategor y No. kg No. Weight

Sport fish 4 ,755.2 11 7 .03 24 . 13 82. ()5
Chain pickerel
Warmouth
Bluegill
Redear sunfish
l.argemouth bass
Black crapp ie

Forage fish 14 .8(15,4 2t) ,71 75.14 14 .52
Gizzard shad
‘Fhreadfin shad
Golden shiner
Coastal shiner
Tadpole madtom
Seminole killifish
Bluefin killifish
Least killifish
Brook silverside
l3luespotted sunfish
Dollar sunf ish
Swamp darter

Other fish 142,9 4.89 0.73 3. 43

Flor ida gar
Brown bullhead

‘I’otal 19 .703,5 142,63 100.00 100.00

* Number of organisms per unit effort .

Table 3
Average Number and Weight Per Hectare of Harvestable

Sport Fish from Blocknet Samples in
Lake Conway—May 1976 (N = 5)

Species No. Wei ght , kg

Chain pickerel, ~~l2 in. 36 17.41

Warmouth,~~5 in. 3 0.54

BluegilL~ 6 in. 52 6.43

Redear sunfish,~~6 in. 98 18.63

Largemouth bass, ~~I0 in. 28 18.19

Black crapp ie,~~9 in. 3 0.45

Total 220 61.65



S . — -  

Table 4
Average Wegener Ring Yield Per (‘ollection and Percent (‘ompositi on of

Fishes in Lake Conway—May Through September 1976 (N = 60)

c/f* Percent (‘omposition
Species No. Wei ght , g No. We ight

Flor ida gar 0.03 0.06 0. 11 0.24
Coastal sh iner 1.10 0.67 4.06 2.85
Brown bullhead 0.11) 0.06 0.36 0.26
Golden topm innow 0.56 0.63 2.06 2.68
Seminole killifish 2.32 2.91 8.54 12.32

Flagf ish 0.02 0.01 0.07 0.01

Bluefin killifish 5.83 7.68 2 1,44 32.61
Least killifish 0.07 0.0 1 0.24 0.04
Mosquitofish 13.20 3.03 48.58 12. 86
Brook silverside 0.02 0.1)1 0.07 0.05
Bluespotted sunfish 0.46 0.55 1.70 2.32
Warmouth 0.53 2.51 1.95 10 .67

Bluegill 0.54 3.14 2.00 13 .38
Redear sunf ish 0.30 0.71 1.10 3.1)2
Spotted sunf ish 0.02 0.01 0.07 0.0 1

Largemouth bass 0.43 0.80 1. 57 3.4 1

Swamp darter 1 ,6 5 0.77 6.08 3.27

l’otal 27,18 23.56 100.00 100 .00

* Number of organisms per unit effort.

20-fl seine. An average of69 fish weighing4l 3.3 g were taken in each 20-ft seine collection (Table 5).
Seminole killifish dominated the samp les, yielding 58 individuals (84. 11 percent) and 265.8 g (64 .31
percent) coIl. Four species, in order of abundance, were ta ken from I to  4 times coIl: bluegill, coastal
shiner, redear sunfish, and largemouth bass. Biomass-wise. redear sunfish (71.8 g coIl), bluegill (60.3

g coIl.), and Iargemouth bass ( 1 2.8 coll) followed Seminole killifish.
10-ft seine . Ten-foot se ine samp les yielded an average of 22.6 fish weighing 73.07 g (Table 6). Four

spec ies numerically dominated these samples: bluegill with 6.16 coIl (27.30 percent), coasta l shiner with
6.00 co Il (26.58 percent), bluefin killifish with 3.61 / coIl (16.00 percent), and mosqu itofish with 2.66; coIl
( 11, 79 percent). Seminole killifish and largemouth bass were collected at a rate of 1.16 and 0.94 coIl.
respect ively, Florida gar, w ith an average yield of 32 .83 g,~- coIl (44.98 percent) contributed the greatest
hiomass . followed by bluegill with 12.88 g/co ll ( 17 .64 percent) and Seminole killifish with 6. 11 g coi l
(8.36 percent).

I’.Iei ’tru /rs h :ng. In electrofishing samp les taken in “beach” areas , an average of 733 indisiduals
wei ghing 22 ,996.3 g were collected per hour (Table 7). In comparison , samp ling in heavily vegetated
hab itats y ielded approx imately 291 fish — hr weighing 17 .Y2. 7 g ( Fable 8). Thus according to
c lectrof ishing samples. beach zones harbored a greater density of fishes. and these fishes were largerthan
those found in scgetated areas.

103

• ,“.. , ~~~~~~~~ ., .—, .‘— ,‘
.... . .— . - - ‘

-- ---.
-
-~

‘
~~~~~~~~ ~~~~~~~~~ _~~~~~~~~~~~

,-. ‘#1 .
~~ --



-U--- -

Table 5
Average Yield Per 20-ft Seine Collection * and Percent (‘ompos ition oF Fishes

in Lake (‘onway—May Through September 1976 (N = 30)

_________________ c/ f ~~ Percent (‘om posi tio n
Species No. Weight , g No. W€ig ht

Coasta l shiner 3.0 1. 9 4 .34 ff 46
Golden topminnow 0.1 (( .2 0. 14 () .t f S
Seminole killifish 58.2 265.8 84.11 64.3 I
Bluefin killifish 0.2 0. I 0.29 0.02
MosquitofIsh 0.3 0. 1 (( .43 0.02

- . Brook silverside 0.3 0.3 4 .43 0.1)7
Bluegill 3.2 60.3 4 62 14.59
Redear sunfish 2.6 7 1 . 8 3. 76 l 7 .3~
Largemouth bass 1.3 12. 8 f .88 3.11

I otal 69.2 4 13.3 100.01) l0(J.0()

* Each collection entails five seine hauls.
** Number of organisms per unit effort.

Table 6
Average Yield Per 10-ft Seine (‘ollection and Percent (‘omposition of Fishes

in Lake (‘onwa y—Jul y Through September 1976 (N 18)

c/f ~~ Percent (‘ompositio n
Species No. Wei ght, g No. Weight

Florida gar 0.05 32.83 (( .22 44.98
Chain pickere l 0.1 1 3.44 (( . 49 4.7 1
Coastal shiner 6.00 3.66 26 .58 5.1) 1
White catfish 0.05 0.01 1)24 1)01
Golden topminnow 0.05 0, 16 (( .24 (( .22
Seminole killifish 1.16 6.11 5.13 8.36
Bluefin killifish 3.61 1.33 16 .00 1 .82
Mosquitofish 2.66 0.75 1 1 .79 1 .1)3
Bluespotted sunfish 0.66 0.58 2.94 ((.79
Warmouth 0.05 0.17 0.24 0.23
Bluegill 6.16 12.88 27.30 17.64
Redear sunfish ‘ 0.61 0.25 2. 70 0.34
Largemouth bass 0.94 5,27 4.17 7.22
Black crappie 0.44 5.58 1. 96 7 .64

Total 22.55 73.02 100.00 110 (x)

* Each collection entails five seine hauls.
** Number of organisms per unit effort.
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Table 7
E~ectrolishi ng Harvest Per Hour and Percent (‘omposition of Fishes in ‘~Beach” Zones

in L*ke (‘onway—Ju ly Through September 1976 (N 18)

c/ f* Percent (‘omposition
Species No. Weight , g No. Wei ght

l.ongnose gar 0.2 6.2 1)03 0.03
Florida gar 0.7 382.5 0.09 1.~th
Gizzard shad 0.7 538. 4 0.09 2 . 34
Threadfin shad 83.3 513.5 11 .36 2.23
Chain pickerel 4 .0 1 ,489.6 0.54 6. 4~
Golden shiner 6.4 217 .4 0.87 0.94

Coastal shiner 7.6 9.3 1 .04 0.04
Lake chubsucker 1.3 507 .1 0.18 2 20
Seminole killifish 33.1 204.8 4.51 ((.89
Brook silverside 61.8 57.4 8.43 ((.25
Bluespotted sunfish 0.2 0.1 0.03 0.01
Warmouth 0.4 0.3 0.05 ((.1)1

Bluegill 355.3 9,809.7 48.45 42.64
Dollar sunfish 0.2 0.8 0.03 0.111
Redear sunfish 11 7 .1 4,568.4 15.97 l9 _ s~’

Spotted sunfish 0.2 12. 7 ((.1)3 0.06
Largemouth bass 59.8 4,597.8 8.15 19.98
Black crappie 0.9 80.1 (1 .12 ((.35
Sw-amp darter 0.2 0.2 0.03 1) 1( 1

t otal 733.4 22 ,996.3 l00 .t)0 ltX ) . l)()

* Number of’ organisms per unit effort.

Numerically, blueg ill with 143.3 fish hr (49.27 percent) dominated in vegetated areas, followed by
redear sunfish with 39.1/ hr(13.45 percent). warmouth with 30 hr (lO.3l percent)and largemouth bass
with 28.2 hr (9.69 percent). Similarly, in beach zones blue gill was the most abundant species with
355.3 hr (48.45 percent) and redear sunfish with 11 7 .1 hr (15.97 percent), the second most abundant
species. ‘th readfin shad and brook silverside ranked third and fotirth in numerical abundance in beach
areas with 83.3 hr (11.33 percent) and 61 .8 hr (8.43 percent). respectively.

In bot h vegetated and beach collections , bluegill contributed the greatest amount of biomass with
4257 g hr (24.55 percent) and 9809 g hr (42.62 percent). respect ively. Chain pickerel. redear sunf ish.
bowf in. Florida gar , and largemouth bass all averaged between I 100 and 3100 g hr in vegetated areas .
Six spec ies (largemouth bass. redear sunfish, cha in pickerel . gizzard shad. threadfin shad, lake
chubsuc ker) yielded between 500 and 4600 g hr in beach ioncs .

Gill net. An average of 33 fish and 20.07 kg per net day were taken in gill nets (Table 9). (iiiiard
shad and Florida gar dominated both numerically and weight-wise gizzard shad with 12.9 individuals
(38.85 percent) and 8.38 kg (41. 75 percent) net day. Florida gar with 8.2 individuals (24.70 percent) and
7.26 kg (36.17 percent) net day. Black crappie. largemouth bass, and blueg i l l  al l  y ielded between 1 .5 and

105

;
~~ ‘~: : ~~~~~~~~~~~~ ~~~~~~ .~~~ 

_ _ _



‘—.w. -—--—,-— — -— —- —- — — - ---.—
~~

—---. —.-.-. --,— .- ,--—.. —— .,—----,- 
..— ‘--

~~~~~~~ —.,‘ —-U-- 

-

____ - ‘ -
~~~~~~~~

Table S
Elect rofi shing Harvest Per Hour and Percent (‘omposition of Fishes in Vegetated

Areas in Lake (‘onway —Jul y Through September 1976 (N 18)

c/ f* Percent (‘omposition
Species No. Wei ght , g No. Weight

Florida gar 2.7 1 ,234 .2 0.92 7. 12
Bowf in 0.9 2 ,504.0 (1.34) 14.43

Gizzard shad - 0.2 144.3 0.07 0.84

Threadlin shad 14.4 155.3 4.95 0.90

Chain pickerel 13. 1 3 ,1)73.6 4.50 17 .72
Golden shiner 4.0 358. 6 1 .38 2.07
Coasta l shiner 0.2 0.2 0.07 0.01
Lake chubsucker 1.6 786.9 0.55 4 .53
Yellow bullhead 0.7 124. 6 0.23 0.72
Brown bullhead 0.9 222.3 0.30 1.28
Seminole killifish 1.3 6.8 0.46 0.04

Mosquitofish 0.4 0.1 0. 14 0.01
Brook silverside 4.4 3.8 1. 5 1 0.02
Bluespotted sunfish 0.7 0.8 ((.24 0.01
Warmouth 30.0 196.3 10.3 1 1. 13
Bluegill 143.3 4,257 .8 49.27 24 .55
Dollar sunfish 0.4 1. 7 ((. 14 0.01
Redear sunfish 39 .1 2,574 . 1 13. 45 14 .83
Spotted sunfish 2.4 52. I ((.83 0.30
Largemouth bass 28 .2 1, 1 25.6 9.69 6.48

Black crappie 2.0 519.6 0.69 3.00

Total 290.9 17 ,342.7 100.00 f 11(1.00

* Number of organisms per unit effort.

4.0 spec imens net day, or greater than 4 percent of the total. Largemouth bass, black crapp ie. and chain
pickere l each comprised f rom 3.0 to 11.0 percent of t he total weight and iclded more thati 1) 50 kg net
day.

Species Diversity
Number of species. Overall , a total of3 l  spec ies werecollected in l.ake (‘onway from \la~ t hrough

September 1976 (Table 10). A greater number of species were collected by elecirofishing than any other
method - 23, Electrofishing in beach areas yielded a tota l of 19 species. w hereas 2 1 were collected in
vegetated hab itats . Twenty species were taken in blocknet samp les. 14 w ith the 1 0-It seine . 12 by g ill neis.
and 9 h’, 20-ft seine.

Fable I 1 illustrates the monthly va riation in number of species collected per gear type. I he range
and mean number ( in parentheses) of species in each gear met hod w as as fol low s : wegener ring. 10-14
( 11.8) : 20—ft seine, 6—8 (6 .4): tO —ft seine. 1( 1—I I (10.7): gill net. 8—Il ) (

~ .7) : elect rofishin g—s-ege lation . 16— 2 1
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Table 9
Average Yield Per (,ill Net Day * and Percent (‘omposition of Fishes in

Lake (‘onway—July Through September 1976 ~N - 12)

c/ f ~~ Percent (‘ ompos ition
Species No. Wei ght , kg No. Weight

Florida gar 8.2 7.26 24. 71) 36 . 17
Gizzard shad 12.9 8.38 38 .85 4 1. 75
Chain pickerel 0.8 0.65 2. 4 ! 3. 23
Goldea s hiner 0.9 0. 14 2 7 1  0.70

Lake chubsucker 0.3 0.28 (1.94) 1. 40

Wh ite catfish 0. 1 0.07 11.31) 0.35
Yellow bullhead 0.4 (1. 1 2 1.24) 4) 61)
Brown bullhead 0. 1 0.04 (( .3 ( 1 0.20
Blue gill 1.5 0.14 4.53 0.70

Redear sunfish 0.3 0.06 (1 . 9(1 0.3(1
Largemouth bass 3. 8 2.07 11 . 45 10.3 1
Black crapp ie 3.9 0.86 I l. 75 4 .29

Total 33.2 20.07 100.00 I 011.00

* One net day equals 150 ft of net fished for 24 hr .
** Number of organisms per unit effort.

(18. 3): electrofishing-beach 13- 14( 13.3 ) . The number of species collected in five hlocknet samp les taken
in June ranged from 12 to 14 . w ith a mean of 13 (( ‘ able 1 2).

Information theory . According to information theory. electrof ishing in vegetation reflected the
highest spec ies diversity with a monthly range from 2.35 to 2.67 and a mean of 2.5 0 (1 able Ill. len-It
se ine samples ranked second, w ith a mean species diversity of 2.38 and a range of ’ 1. 93 to  2.84 . \lean
values for the remaining gear types were: gill net. 2.26: wegener ring. 2.23: electrof ’tshing-hcach . 2.01:

blocknet , I .84~ and 20-ft seine. 1.03.
Species ric hness. Electrofishing in vegetation produced the highest species richness index a range

from 6. 11 to 7.73 and a mean of 6.86 (Table II). 1)ata derived f’rom 11)-ft se ine samp les resulted in the
second highest index with a mean of 5.20 anda range of 5.14 to 5.32. In order of rank , t he other sampling
methods produced the follow ing mean index values: wegener ring. 4.81 : electrofis hing-heach. 4.3 7:
blocknet. 3.40: and 20-ft seine. 2.56.

Species equitahilü,i ’ . Gill net and 10-ft seine samp les reflected t he highest equitability indices a
mean o f 0.76 (0,66 to 0.93) with gill nets and mean of 0.75 ((1.45 to 0.91) according to the 1(1-ft seine

(Iable ii). The remaining methods were fairly close in mean values of this index : w’egener ring. 0.53
(0.50 to 0.57) : electrofish ing—beach . 0.41 (0.3 1 to 0.57): 20-ft seine.0.40(0. 24to 4 ) .58): and hlocknct. 0 .36
(0.29 to 0.40).

Dominance Rank
‘Ihe dominance rank , accord ing to abundance and Irequenc~ of occurrence encompassing all gear

types. of ’ all species collected is depicted in Figure 1. Fle~en species appear in the upper-rig ht quadrant.
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Table 10
Chec klist of Fishes from Lake (‘o nway

Family (‘ommon Name Scientific Name

Lepisosteidae Longnose gar IA’p,.so.~teu.s ’ oSSeU.5

Florida gar !.eJ) i.s’o.steu.s plot yrhs ’nehu.s

Amiidae Bowfin Anna ca/s ’a
Clupeidae Gizzard shad Doro.soma cepedianurn

Thread fin shad Dorosoma petenense
Esoc idae Rediin pickerel Ls’o v americanu.s’

Chain pickerel L~~.v niger
Cypr inidae Golden shiner .\otemigonu.s crs s o leuca.s

Coastal shiner Notrop is peter.soni
Catostom idae Lake chubsucker Er,mv:on .s ’ueelta
lcta luridae White catfish Ic ’taluru.s c’atu.s

Yellow bullhead Icea/u rus eta/ a/is
Brown bullhead l ( ’talurus nehulo.su.s

Tadpole madtom .-Vwurus gs’rinu.s

Aphredoder idae Pirate perch .4phredo deru.s sas’annus

Cypr inodontiae Golden topminnow Fundulus chrs-stotu. s’

Seminole killifish Fundulus seniinoli.s ’
Flag fish Jordanella .f loridae
Bluefin killifish Lucania goodei

Poeciliidae Mosquitofish Gambusia at f ’ini.s
Least kiflifish Heterandr ia formosa

At herin idae Brook silverside Lahidesthes .sieculu.s
Centrac hidae Bluespotted sunfish Ennecanthu.s’ glorisus

Warmouth Leponus gulo.s’u.s’
Blueg ill Lepomis macrochiru.s
Dollar sunfish I..eponzi.s’ enarginalu.s
Redear sunfish Lepomis ~nu’ro lophu.s
Spotted sunfish I..epomis pundatu.s’

La rgeniout h bass .~1icropterus .salmoides

Black crappie Pomoxis nigromaculwu.s
Percidae Swamp darter Etheo.stonia fie.s’ if ~irme

which includes only those species occurring in above-average numbers and frequency of occurrence s.
Bluegill had the highest biological index value (53), hence. the greatest abundance: whereas. largemouth

bass appeared most frequent ly in all samp les (93) . Bluegill and largemouth bass also ranked second in

frequency (8 2) and abundance (42). respect ively. Clustered in the lower-left corner of this quadrant .
hence w ith slightly above-average abundance and occurrences. are four spec ies. inc luding threadfin

s had, chain pickere l. brook silverside. and black crapp ie. Scattered throug hout the middle portion of the
upper-left quadrant are four additional species . presented with their order of abundance and

occurrence , respectivel y: Seminole killifish . fourth and t hird: redear sunfish , t hird and Iourth:
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Table 11
Variation in Number of Spec ies and Species Diversity Indices (Information

Theory—Machine Method , Spec ies Richness , and Species Equitab iIit~ )
for Monthly Pooled Samples for Each Gear Type

May June July August September

Wegener ring
No. of spec ies 10 10 13 12 14
Informat ion theory 2.0 1 1.96 2.43 2.29 2.37
Spec ies richness 4.09 4. 18 5.40 5.44 4 .93
Spec ies equitability 0.53 0.5 1 0.57 0.54 (1.50

20-ft seine
No . of spec ies 7 5 6 6 8
Informat ion theory 0.57 0.61 1.05 1 .48 1.46
Species richness 2.34 1.93 2.39 2,73 3.43
Spec ies equitability 0.24 0.35 0.42 0.58 0.43

10-ft se ine
No. of spec ies II It) II
Informat ion theory 2.84 2.69 1. 93
Spec ies richness 5.32 5. 14 5. 16
Spec ies equitability 0.9 1 0.89 0.45

Gill net
No. of species 10 8 8
Informat ion theory 2.30 2.06 2. 43
Spec ies richness 4.48 3. 79 3. 95
Species equitability 0.66 0.69 ((.93

Electrof ishing -beach
No. of species 14 13 13
Informat ion theory 1. 77 1.83 2. 45
Spec ies richness 4.68 4.2(1 4.24
Species equitabilit y 0.31 0.36 ((.57

Electrof ishing -- vegetat ion
No. of spec ies 2 1 18 16
Informat ion theory 2.67 2.35 2. 48
Species richness 7.73 6.76 6. 11
Species equitability 0.43 0.38 ((.58

Table 12
Var iation in Number of Spec ies and Species Diversity Indices (Information

Theory—Machine Method , Spec ies Richness , Spec ies Equitability)
in Blocknet Samp les in Lake Conway, June 1976

Samp les
I 2 3 4

No. of spec ies 13 12 14 12 14
— Information theory 1.56 1.87 1.94 1 .79 2.07

Spec ies richness 3.57 2.87 3. 77 3. 27 3.52
Spec ies equitability 0,29 0.40 0.36 (1 .36 0.40 
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mosquitofis h. ses enth and filth: bluefin killif ish . fourth and s ixth : and co,i~taI shiner , s ixt h and ses entli .
Species found in t he upper—left quad rant has e an a hos c—a s erage a hunda nec hut a helti w —a S ci aLe

frequency of occurrence. Bluespotted sunl sli and wa rinouth arc located in this quadrant.
Sixteen spec ies are enclosed h~ the low er—rig ht quad rant. I hese spec ies has e below -as et a  cc

abundances and frequency of ’ occurrences. Six species hase a biolog ical index salue of I or less ,ind
frequency of occurrence ot less than 8: longnose gar. tadpole madtom . flag f ish. while catf ish . howfi n.
least k illifish , dollar sunfish , and s potted sunfish. I hree specie s (Flo rida gar . giziard shad. golden
shiner) found in the upper—rig ht corner of this qua drant reflect abundance and occuri’ence data onls
slightly below’ aserage. Five additional species are found roughl~ in t he middle portion of ihc quad iai i t :
lake chubsucker . yellow bullhead, brow n bullhead, golden to pminnow . and swamp dartci

Sport F ishery

.-\t this time . only re lati se effort , relat is’e harvest , and species directed catch per man— hour are
as’ai lable on the sport fishery on l.ake Conwa y ( I  able 13). I he largemouth bass lisher~ douiiii iated .
compr ising 94.9 percent of the lishing pressure and 7(1.8 percent of the hars est .  Bream fisher men ex erted
4 .9 percent of the total fishing pressure hut ielded 26.0 percent of the harsest. Black cra ppie . c , i t t i s h,
golden shiner , and chain pickerel f isheries were relatively insignificant.

Overall , the catc h rate on Lake Conway was 0.20 fish per man-hour. Ihe catch rate for golden
shiner (13.33 fish man-hour) is misleading in that only oflc shiner fisherman w a s  creeled. w ho h~ the
way , caught 2 individuals in IS m m .  Bream fishermen had a catch rate of 1 .1)5 fish per man- h our.
w hereas bass fishermen collected 0. 15 fish per man-hour.

Table 13
Preliminary Creel Census Results for Lake (‘onwa~ from

July Through September 1976

Species Relative Effort , % Relati ve Harvest , 9~ Catch Per Man.Hour *

l.argemout h bass 94.9 70.8 0.15
Bream** 4.9 26.0 1.05
Black crapp ie 0.4 0.0 0.00

Catf ish 0. I 0.0 0.00

Golden shiner 0.1 0. 7 13.33
Cha in p ickerel 0.0 2.5

Overal l 0.20

* Species directed catch rates.
** Includes bluegill. redear sunfish . warmouth . and spotted sunf ish.

DISCUSSION

Insotaras we have only 3 complete months of data. we concur that, at th is time . sse cannot elaborate
on fish populat ion and sport fisher y characteristics , nor can comparisons ss ith ot her central 1- lorida
lakes he made. However , in v iew’ of the above limitations , a few preliminary statements minus lengths
discussions can he made:

I I I
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a. ‘~ccord ing to species dis i’ r s i i \  anal~ six , the fis h populations appear lii he fair l~ stah le

/1 . I )ata generated I row methods sampling shoreline s cgetat ion reflect a h i g her species dis ci s i i \

hut Ii isser n time rica I a hu tid a nice t ha ii data collected in shah low . ii on egct atcd Ii a hi tat x .

‘. 1-a ir k large numbers of game fish are found. hut t he population structure of bluegill and i cife~t i
sun f ish reflect an overcrowded situat ion , with hìarsestah le fish of bluegill. redear sunf ish, and
largentouth bass being in poor condition.

I~ I lie t i s  erall catch rate h~ f ishermen can he considered low , although the predominance oh bass
fishermen on I a ke ( ~onwa\ and t heir associated low catch rates nmi~

- account for  t lie how i t ’  era !!
iaics .

~ feel t hat. ss i th  additional data from this prolect. an excel lent biological picture of the

ctiriiinunit~ relationships , such as spec ies assemblages present . species abundance , and d isers ii~ ,w i h l  he

realnied.
I )cspite a recent prol iferation of fisher studies in central l’lorida lakes, litt le more than a curso r\

a ppreciation of gross population d~ namics has been ident ified. In addit ion to  helping sa t is i  academic
oids. I ,ikc (‘onway basel ine data ss ill he important for assessing ens ironniental changes it this case.

introduction of grass carp and its associated habitat alterations.
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AQ I. ATI ( ’ MA ( ’R O PHY ’I ’E SAMPLINC I N l AK E : CONWA Y

by

I.. F. NaIl . M. .1. Mahler . and j . Schardt *

INTRODUCTION

(‘he Flor ida Department of Natural Resources, in coo peration wi th  the t . S . . -\r nrs (‘or ps of
Engineers , is respons ible f’or the aquat ic rnacrophyte samp ling port ion of the l arge-Scale Operations
Management lest with the White Amur . ( ‘ienop haringodon ide/la , in l.ake ( onwav , Orlando . Florida.

.-\s of October 1976 , the fourth month of samp ling is under wa y .  Because of engineering delays in
the hiomass sampling boat . ser v little hiontass information has been obtained. Since ser v l i t t le data ha se

been collected , most of the follow ing reniarks wil l  concern the sampling methodo log~

OBJECTIVES

l’he object of th is study is to show changes , it any, in the distribution . hiomass. species composition . 
—

and condit ion of each plant spec ies in Lake Conway. From this we hope to observe: ( a ) f ’ood preference
of the amur . (b) rate of removal of target spec ies , (c) effect on desirable plant species . such as ecl grass
(Lal/i.s ’ner ia americana Michx.) and nitella ( Vile/la megacarpa Ii. and (d l interspecific competition
hetween plant species while under stress from the amur.

METHODS AND MATERIALS

Study Site
l.ake Conway is a 737.1-ha lake (Figure I) located in south Orlando. F’lor ida. I’he lake is divided

into five interconnected pools consisting of l,ake (iatlin . I.itt le Lake Conway (East and West Poo ls). and
Lake Conway (North and Sout h Pools). I.ake Conway is an urban lake typ ical of central 1- lorida. Ihe
natural shoreline vegetation of cattail (T i p / ia lat i/ o/ ia L.), maidencane ( Panicum / leni i tonio, i  Schu lt. (.
and torpedo grass (Paniewn repens 1..) has been removed around much of the lake. Illinois pondweed
( Potamogeton illinoen.si.s Morong. I. nitella. and hvdrilla ( !Ivdri lla ve r l i ( ’il lata Ro~le) arc the dominant
aquat ic species. Pondweed and, to a lesser extent . hvdrilla are problems in parts of the lake.

Transects

Each month 20 transects (Figure 2) arc samp led at 1 00-ni intervals, which ~ields a bout 20t) samples .
Each sample is separated to species , wei ghed . dried , and we ighed aga in. Reproduct ive str uctur es , if an’s .
are noted.

Plots

Eighteen permanent ly marked I-ha plots (Figure 2) are located in repre sent at ise area s of t h e  lake.

Itt~t l t tg ist . . Itiirciii ol - \~ lii,t i Ic t ’ Iani Resea rL’h ar id ( ,~r i l r t r I . t - i trrid ~r f ) ip.iririicnt ii \.iiiir~iI I( 
~‘ ‘. t r i e s  I ) r I , rridi ’. r t i i r t i.i

113

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 44



--—--- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

d!!
’
~
’1;’!!t

~~
”
~~~

; ~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~

T’ ~fr

~%

_ 1!
_ _  

I . .

~~~~~~
. .  _ _ _  

;, • .~~~~~ “ .I .’

~~~~

— 

~~~~~~
,.- .

11~~
’ 

_ _ _ _

/ -.~~~~~~~ ‘
‘

. “ ‘.‘.
.‘ ‘ ‘

‘ ‘ “ ‘  .1 ’ -

_  

- 

_

r
~~~ .. __

~~~~~~~~~~~~~p~~~_~-

~~~~~~~ I 
-
~~~~~ .~

~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~ 

.!‘Il’J’Jg J’I’J • ~
~~~~ 

‘-
~~~~~~~ 

‘ 
~~~~~~

- 
~~~

•
~

“ :
-.

—
. . 

~~~~

- -‘

~
—

~

~~~~~~~~ :~~~~ 4~~~~ L-

~~~~~ ~~~~~ r ’ 
- 

~~~~~~~~~~~

. ‘ ,
~ ‘ ,

~4 .“ 

~~~~ 

:~~4 - 
‘ ‘ :

4 5 
. . s-” -

4 -. . 
~
-. 

.
. .‘f.”~~~,;

~~~
, 
~~~~ 

.

~~~

. , ,
- 

. 1~~~~~~~ , ._ ,.

~~~
. ..

I . I I .1k, I ‘ r r  s~,r

114



2
~~’ 30 

L~~~ 7

N ? 
2 

2 H? 

~~~~~~~ (17

/ WES T POOL 14

M2 ~

/ \~~_
LA KE / \
M4,c ’

/~~
0 4~

1 ~~

15
’

-,.
‘, / I

I

POOL

+ 
0

/ ~~~~~~~~~~ 0
C2

~~2 
~~2 

Di

s,

’6 \ ~~
‘

<v1~~ 

~~~~~~~~~

. 
ci:)

2? 30” — 
\~*. —

SOC/ TI’I~~POOL
A 1 

~~~~~~~~~~~

\ A~

SCALE
0 10I,•

t ’ igLr rc 2. \ ‘ cgeiairiiil ii i i rs i _’ i.’ l -  iiid pc’rrii.irreiii pliiii

115

-ii

~~~~~~~~~~~~~~~~~~~ ~~~~~~ 
~~~~~~~ ..~,



r .,‘ 

“ 
~~~
‘ —~~~~r ‘— -.-- --

Figure 3 shows a representati ve plot. ‘Iwo vegetation heights are measured at exac t ly the same points
eac h month. Iwo random areas are selected and a 0.2 5—rn square of vegetat ion is hand—remo sed h~ a
diver. From this square the number of rooted stems are counted: the internodal lengths . stem lengths ,
and height t ’rom the bottom are measured : and wet and dry we ights are recorded. Iw o  hiotnass samples
using the sam pler are ta ken adjacent to each square.

Often vegetation is not erect (Figure 4) : tops of some plants are samp led while stenix and bottoms of

other plants arc also collected using the hiomass sampling des ice. I his could affect t h e  accuracy of the

p samp le. I’heore ically, a diser us ing the squau: could cut the vegetat ion at bottom level , thus collecting
only the plants actua lly in the square and yieldin~ a more accurat e sample. (‘omparison of thcs~ two
methods and others , if available , will determine the accuracy of our samp ling tools.

Exc los ures

Several 5- by 5-m exclosures will be placed in heavil~ vegetated areas. 1’hese areas should sisua llv

show’ the effect of the amur around the structure. while offering an untouched control area inside. One
random 0.25-rn square will be take n monthly in each exc iosure, l’hey wil l also he monitored
photograp hically.

Vegetation Maps

Quart- rly vegetation maps w ill be prepared. Marginal and surfacing submergent vegetation ss ill he
recorded. (his should show gross changes in vegetation distribution as well as provide ground truth for
periodic aerial photography.

P R E L I M I N A R Y  RESULTS

1— ortv-fis’e species of aquatic plants (Table I) have been identified from I.ake Conway. ‘[able 2

show-s t he percent occurrence along the transects of each species. Nitella and Illinois pondw’eed are the
most frequently encountered plants in the lake. Nitella is abundant in the Middle Pool and common in
the East and West Pools. Pondweed is most abundant in the East Pool hut is common in all other pools

except Lake (iatlin. Hydrilla is the third most frequent plant . 1-lydrilla is common throughout the lake
except in the Middle Pool, where it is rare. Eelgrass is the only other common submerged plant in the
lake. It is a bundant only in the East Pool. Important emersed species are torpedo grass . maidencane.
marsh pennswort ( Hy drocot tIe umhellata F .).  cattail , and waterhyacinth ( Eic h/ zorn ia crassl f e.s Mart.
Solms).

East Pool is the most vegetated area in the hake. This area has only about 32 percent uns’egetated
area, wh ile all other pools exceed 45 percent unvegetated area.

In wet we ight . nitella is by far the most dominant plant in the lake ( ‘table 3). The maximum weight
found for a square-metre plot was 39,554.4 g. Such a plot may has-c almost 11.000 plants . Pondv1eed and

hvdr illa are second most abundant , averag ing 120.4 g m 2 and 6 1 .3 g m .  respect is’ elv. Va llisnena ranks
fourth w ith 56 ,6 g m2 . Max imum weights per square metre for pondw’eed. hvdr illa. and eelgrass are
278t) .0 g. 3760.0 g. and 2057.0 g. respectively . These plants may have 300. 2500 . and 1 800 stems per
square metre. respect ively.
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Table I
Flora of 1.ake (‘on wa~

Bat ’opa caro / inianu Waterh ysop
Bacopa ?nonnt ’ri Lemon hacopa waterhysop
Bidens hip innata Water beggars t ick
Caho,nha aquatica Giant fanwort
ceratophyllutn detnersum (‘oonta i
Cladiuni ja Pnaicensi.s ’ Sawgrass
(‘o/aea.s’ia ann quorum Elephant ears
Ceperus pap t’rus Pap~ rus sedge
C. s (rigosus
Eichhornia crassipes Waterhyacinth
E/eocharis acu’ularis Slender spikerush
E. bald tvinii Hairgrass
Eupa torium capi l/i fo/i u,n
Fuirena .sc irpoides Lake rush
Hahenaria repens Water orchid
Ht ’dri/Ia t ’er ticil/ata Hyd rilla
Hi-drocot t ’ / e umbel/ata Pen nywort
H. t ’eri ’iculatus Pennywort
l-Ivpericum perco liatum
Ludit ’igia octavali .s Pr imrose willow’
L. pa/ustrus Primrose willow
L. peru viana Marsh purslane
Mai ’aca flu t’iatil ia Bogmoss
Mt ’riopht ’llwn brasi/iense Parrotfeat her
Va/ as ule.rilis Slender naiad
V/te l/a ,negacarpa Nitella
.Vuphar ,naerophylluni Spatte rd ock
Sv,np hae odorata Fragrant waterlily
Panicu,n hemitonmon Maidencane
P. purpurescens Paragrass
P. repent ’ Torpedo grass
P!uchea sp. Flea hane
Pontederia cordata Pickerelweed
P. la ti/ / /ia Pickerelweed
Potamogeton i/linoensi .s ’ Illinois pondweed
P. pusci/ lu.s ’ Slender pondweed
Salvinia rot undifolia Salvinia
Sagit (aria landft ilia Arrowhead
S. su hulata Dwarf arrowhead
Typ ha laüfblia Cattail
(Jiricularia fihrosa Fibrous bladderwort
U. fo liosa Leafy bladderwort
C. inflata Big floating bladderwort
C. purpurea Purp le bladderwort
Val/isneria wnericana Eelgrass
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Table 2
Monthly Species (‘ompositi on Averages of Plants Found Along Transects

Plant Total South Middle East West ( at lin
Number of Stations

202* 37 66 52 40 7
194** 34 63 5 1 39 7
I97t 35 63 52 40 7

Percent W ithout Vegetation
40. 1 45.0 40.9 28.8 45.0 57 . 1
42 .3 44 . 1 42. 9 3 1. 4 53.8 42.6
47. 7 45,7 52.4 36.5 55.0 57 . 1

Percent Species Compos ition
Submersed

Nite/la megacarpa 22.3 18 .9 34.8 2 1. 2 10.0
24,2 20.6 33.3 27.5 10.3 l4 .3
1 7.7 14 .3 28.6 15.4 10 .0

Potaniogeton illinoensis 21.8 16 .2 22.7 28.8 20.0
20.6 8.8 25 .4 33. 3 10.3
23.9 22.9 22.2 30.8 22.5

Ny c/ r i / Ia s ’er ti~’j llata 18.3 27 ,0 1,5 23. 1 32.5 14 .2
18.6 23 .5 4.8 3 1.4 20.5 14 .3
12. 7 20.0 4.8 15.4 15.0 14 .2

~ ‘a//i sneria americana 7.9 - ‘ - 25.0 7 .5
1 1. 3  - - — - 33.3 10.3 14 .3
10.2 - 1.6 30.8 7.5

(— ‘ rii ’u/ar ia inflata 1.0 - 1. 5 1. 9
2.1 - - 6.3

(‘eratop hyllu m demersum 0.5 - I .5 -

0.5 --
~~ 1.6

0.5 - ‘ 1,6
Eleo haris haldwinii 1 .0 - ‘ 1.5 14.2

0.5 - - 14.2

Va/ as j lex il is -- — -

0.5 - - 14.2
Bacopa nionneri 0.5 2.7

Emersed
Paniu ’um repens 10.4 16. 2 3.0 7.7 17 .5 28.6

10.8 17 .6  6.3 7 .8 12 . 8 28 .6
9.6 14.3 4.8 5.7 15. 0

(Cont inued)

* July.
** August.

+ September.
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Table 2 ((‘ oncl uded)

Plant Total South Midd le Fast nest (,at lin

Percent Species (‘om position I (‘m i t  mnue d

Emersed ((‘ont inued)
Pa,zicu,n Ize,p,uo,non 4.9 10.8 3.8 7 .5

5.2 8.8 1. 6 3.9 10 .3
9.6 14 .3  4. 8 5.7 15 ( 1

Pontederia lati/i.’lia 1.5 2,7 1 .5 1.9
1.5 5.8 2.0
0.5 1 .9

Ti-p / ma / a t i/ ~ilia 4 .5 3.0 11. 5 2.5
4.6 4 .8 9 .8 2.6
0.5 1 .9

Fuirena scirp oi des 2.0 8.1 1.5
2.6 5 .8 3.2 2.6
1.0 2.9 2.5

Sagittaria la,mci/ ~ lia 0.5 2.5
0.5 2.6

.‘s yinphae odo rata 1.5 3.8 2 5
0.5 - 1 .9
0.5 - 1 .9

Hydroeo vie 5.9 10.8 3.0 3 .8 10.0
6.7 8 .8 1.6 5.9 10.3 28 .6
0,5 - 13 .2

Ludit ’igia octava lis 1.5 2. 7 1. 5 1 .9
0.5 2.0

Ct’peru.s spp. 2.0 2.7 1.5 2.5 14.2
2 . 1 2.9 5 .1 l4 .3

(o /a L ’a.sia annquorutn —

0.5 - 14 .3

Panit wn purpure.s’eens

0.5 - 2.5
Lu’h/u , roi a r ’ross ,pea 5 .9 8. 1 1. 5 9 .6 5.0 14 .2

5.7 8.8 1.6 9.8 5. 1
1 .5 5.7 2.5

12 1 
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Table 3
Fresh Biomass of Plants Along Transects

Maximum
— — We ight

Plant N* X . g** Nsf X v ,g f f  g/m 2

(iat lin
/ I i d r i l / a  7 2.1 I 14 .8 14 .8

East
Po tu m ogeto n  51 289.6 18 820. 5 2. 780 ,0
.‘4’itel/a 51 328.6 II I523.4 4 .284 .1)
IlydrilIa SI 32.9 5 335. 6 1 ,170. 0
i ’a//isfleria 51 142. 4 17 727 .2 2,057 .0

West
Potanmogewn 40 72.0 9 320.2 978.4
Ni te// a 40 305.9 4 3(159 . 1 4 ,514. 0
Hy dri lia 40 66.6 6 444 .1) 1 ,720 .8
( ‘ al/i sneria 40 47. 8 4 477 .6 1, 1 53. 2

Middle
Pota~nogeton 63 80,5 14 362.4 1,224 .0
Nite / /a 63 2930,4 19 9716.7 36.722.1)
1-lydrilia 63 2.2 5 27 .8 62.4
Ceratophvi/uin 63 23.8 I 1496 .4 1,496 .4
Val/isneria 63 30.5 I 1 920.0 1, 920 .0

South
Potamogeton 35 24 .8 8 108 .4 490 .4
.~

‘iwlla 35 1685. 9 7 8429 .9 39 ,554 .4
Hydrilla 35 2 14 .6 8 938 .8 3,760.0

‘total
P o t am oge : on  196 l20.4 49 48l~5 2.78t) .()
Hydrilla 196 61 .3 25 480.6 3.760,0
Vite lla 196 1390.9 4 1 6649 .3 39,554 .4

(‘ era top rn lIu~n l96 7 .6 I 1496 .4 1,495.4
~alIisneria 196 56.6 22 504.2 2,057 .0

* Number of sampling stations.
** Average hiomas~ for all stat ions.

+ Number of stat i~ons w here each species was encountered.
++ Average biom~ss at stations w here each species was encountered.
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BIOLOGICAL BASELINE STUDIES OF THE
F LAKE CONWAY , F L ORIDA , SYSTEM

by

J .  1.. Fox , F. C’ . Hlancher . F. M. Kooijm an .
R .  A.  Conley, and C. P. I’eerickt

INTRODUCTION

‘\s part of its national aquatic weed research program , the U. S. Army Corps of Engineers plans to
introduce the wh ite amur (( ‘ ienophari ’ngodo n ic/ella ) into Lake Conway. a 73 5-ha lake system near
Orlando , Florida. In order to evaluate the effects of the introduction , county and state agenc ies. as well
as groups w ithin the University of Florida, have been contracted to prov ide baseline and post-
introduct ion data to the (‘orps.

Since April 1976 , the Department of’ Environmental Engineering Sc iences at the University of
Florida has been monitoring a number of biological and physiocochemical parameters in the Lake
Conwa~ system. l’he major objective of our research is the evaluation of the effect of the fish upon the
iooplankton , the phytop lankton, and t he benthic invertebrate community. Our methodology and
baseline results to date follow . Also included is a brief discussion of some additional activities presently
under way or anticipated.

ZOOPLANKTON

Methods
Zoop lankton was collected from t he stations shown in Figure I using two techni ques . The first

cons isted of lowering a wei ghted No. 10 ( ‘53k mesh s ire) plankton net to slightly abos’e the bottom and
returning it to the surface. The organisms were rinsed from the collection bucket into 2-oi samp ling
bott les and preserved with alcohol. ‘this method prov ides data that allow a comparison ofzooplankton
populat ions on an areal (per square metre ) or a volumetric (per cubic metre ) basis. Vert ical hauls were
taken at all stat ions. At the deep stations (Not . 4, 7.6. 18 . and 20). a gasol ine-powered centrifugal pump
was used to obta in zoop lan kton from desired depths. Twenty litres of water were pumped from each
metre interval into a No. 10 plankton net and collected as described above. ‘th is technique allows us to
compare zoop lankton populations at the various depths on a volumetric basis.

In the laboratory, t he concentrated iooplankton samp le was placed in a shallow covered dish and
counted and ident ified using a stereoscop ic dissecting microscope at a magnification of 50 diameters.
The keys of Edmonsoni and Pennak2 were used for identifications.

Results and Discussion
W ith one exception . the resu lts presented here were obtained by vert ical plankton tow’s from all

stat ions. Six copepod. nine cladocera . and ten rot ifer species were collected from April through August
1976 . Tab le I shows the species thus far identified. ‘total zoop lankton abundance and relat ive

)epIri licnt ol t~ns roiimcnial t nginecring ~icle nces . t ’ niscrsi i~ iii f lor ida . I ~iiiics~ lie. t it ir iuta
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Table I
Species List of Zoop lankton Occurring in

Lakes Conway and Gat lin

Famil y Scientific Name

(‘opepoda I) iaptomus j loridanus
Cyclops varicans

Ct ‘c laps hieuspidatu.r
lropoe,t’ c’ /op s prasinus
Ergasi lis sp.
Unidentified sp. A. (Harpacticoid)

(‘ladocera Alona sp.
Bosmina longi’rostr i ’s
(‘amptocercus retrirostris
(‘erio daphnia ret iculata
Cht-dorus sphaericus
baphnia amhigua

L)iaphanosoma hrac’hv urum

Macrothrix hisurto~’ornis
Pleurexus sp.

Rotifera ~1splanchna sp.
Brachionus sp.
Con chilus unicornis

Enteroplea / acus tris

~el/icotiia sp.
l<erate!la coch/earis
Lecane sp.
Alonost vIa sp.

Platy ias pat u/us
Trichocerca sp.

abundance are shown in Figures 2 and 3. respectivel y. Bot h composition and abundance are in
agreement w ith published values for Florida (Nordlie 3 and Cowell. Dye, and Adams4) and Nort h
America (Pennak5).

Diaptomus fioridanus. a large calanoid. was the dominant copepod until August . when two spec ies
of cyclopoid species . Cyclops varicans and Tropocvclops prasinus. rep laced it (Figure 4). These t hree
spec ies comprised over 95 percent of the copepods collected. Nauplii. which are larval forms of
copepods. were abundant in April and August but represented only I percent of the total populat ion in
July. This change can be attributed to both the normal seasonal fluctuations of copepod populations
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and the tact t hat er~’ small nauplim may pass through the net. I o avoid this problem i i i  the fu ture , we ,ii e
now using a No. 20 net (S0~ mesh) in addition to the No . 10 net at all deep ‘t .~~t ot is .

l’hc three dominant forms of cladoce r~i found in lake (‘onwa~ ‘5 cr c l losni,,ia h i in i , r , s i r i s .
(‘eriodaphnmu rt ’ti ’ulata . and 1) iap /zano.s ’anta hrae hi ’uru,n ( 1-igure 5). \ l f  are wel l  know ii limnetic

species in Florida lakes (N ordlie ). In contrast to  the copepods , which may It s e for a e,ii or loncer
cladocera live for shorte l per iods ( I to 2 months). I bus , severa l population maxima ma~ (IL-cur during
t he year. Variations between monocvely . dicvc f~’, or ac\ ely depend on both species present and
environmental variables.

In Lake Conway , the major rotif ’er present demonstrated short vernal peaks. typ ical 1)1 these small
animals. Figure 6 illustrates the shift in rottf ’cr abundance from April through August. \la ior species
were kerute lla coch/earis , Asp lanu ’hnu sp.. (‘one/u/u.s uflicorniS , and Platt ’ia.s /) a I t I IU.S .

Figure 7 dep icts a t~ pical vertical distribution of two zooplankton genera . I) iapt mtu.s and
& smitza. Results to date has e not provided suffic ient information to establish trends in the vertical
distribution of ioop lankton .

A zoop lankton community at any point in t ime represents a compromise between conflicting
demands of individual species and the optimal allocation of all a~ailahle resources. (ienerall~.
opportun istic species with high rates of increase are favored in highly changing environments w hile
others, wh ich possess other competiti se ab ilities , are tasored in more constant env ironments (Alan~).
Usually both types of spec ies are represented in a balanced freshwater community.

Rotifers and cladocerans have short life cycles , are rather unspec ialized t’eeders . and develop large
trans itory populations . Copepods . on the ot her hand, exh ibit longer life cycles and hase few -er
generations. All groups are well represented in Lake Conway at the present t ime. Biotic changes in the
lake that affect either the feeding habits of the ioop lankton or predat ion pre:’sure will hase an effect on
this community. An increase in organic or nutrient loading in the lake and selected feeding by fish would
fas or t he selection of small-bodied herbivores (rotifers and small-bodied cladoeera). large increases in
these groups with a corresponding decrease or disappearance of other species would indicate
undesirable changes. However , care ful interpretation is necessary in light of the fact t hat \ea r-to-vear
rep lacement of species may occur in normal unstressed communities. Future observations w il l f ocu s on
these possibilities.

PHYTOPLANKTON

Methods

One- litre phytoplankton samp les and 300-millilitre samp les l’or chlorophvf l were collected monthly
(Apr il through August) from 21 locations in the pools of 1.ake Conway (Figure I) . From the deep
stations near the poo1 centers , samples were taken from I m. middepth. and from with in I ni ol the
bottom. All littoral-zone samples were taken from a depth of I m. Chlorophyll samp les were
immediately placed in a dark cooler and kept on ice until filtered and acetone extracted. Filtration
generally occurred w ithin 2 days. Chlorophyll a concentration was determined spectrop hotornet r icall~
using the phaeophyt in correction technique as descr ibed by the Env ironmental Protection .‘\genc\ .
Phytop lankton samp les were preserved w ith neutralized formalin. ‘I’he algae were concentrated h~
settl ing and decanting to a final volume of 20 to 40 ml. Identification and counts were made using a
Unitron inverted microscope with a modified Sedgewick-Rafter chamber inserted on the stage.
Count ing was done at a magnification of 200 to 400 diameters although t he use of a No . 2 cos e rsl ip
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allows the use of higher magnifications for identification. For diatom identification, permanent mounts
were made by clearing t he organisms with 30 percent hydrogen peroxide and mounting in permount.

Results

I he phvtop lankton in Lake Conway is diyerse with many species of ’ green (c hlorop hyta) and blue-
green (cyanop hyta) algae. A typ ical count of 200 to 400 cells shows 25 to 30 species present. Generall y.
the most abundant species compr ises 20 to 40 percent of the total. ‘[he algal densities from the centers of
each pool (sampled at I m) are shown in Table 2. Abundances increased from around 500 cells ml to
10 ,000 cells ml from A pril to July, followed by a decline in August. Chlorophyll a concentration shows
the same increasing trend from April to September. However , August values for chlorophyll a were not
obta ined so that no decline was noted between July and September. ‘[he four pools of Lake Conway
tend to be similar in algal density while Lake Gatlin is higher. It is difficult to summari/e differences
between pools because all samples have not been analyzed and there appear to be large differences
between stat ions in some pools.

Table 2
Algal Concentrations (cells/mi) in Pool Centers *

April May June Ju ly August

South 19 5 2610 5000 7.780 5050

.\liddle 760 1980 5190 10 .300 57 10
East 702 3270 5100 7,990 4600

West 290 1880 6160 5,570 6300
Gatlin 720 2460 5840 10 .800 8480

Average 533 2440 5460 8,49t) 6070

* Samp les taken at 1 m.

The Shannon-Weaver diversity index for the phytoplankton is rather constant at 3.5 to 4.0. Shift s
in relative abundance occur , but the species present remain fairly constant. In general, blue-green algae
are most abundant w ith many species of green algae also present. Diatoms are present in greatest
numbers in the spring. The patterns of shifting relative abundance appear complex and require analysis
of more samples to be understood. Table 3 presents a list of species encountered thus far.

Data on vertical distribution are shown in Table 4. Depth profiles were not as-ailable for April. In
May. the algal density was highest at middepth. From June to August , however, the concentrat ion drops
from top to bottom. The peak surface density in July corresponded with the greatest difference between
surface and deeper water samples. During periods of low algal abundance, the density should be fairly
uniform throughout the water column since light can penetrate to the bottom. When algal populat ions
are high, shading of lower levels occurs, and the greatest productivity and largest concentrations of algae
w ill be found in the surface waters ,

The chlorophyll and algal counts indicate that Lake Conway is a mesotrophic lake. Algal counts of
less than 200 to 300 ml are indicative of oligotrophic conditions. The density in Lake Conway was near
this level during A pril and could be lower during the winter months. The maximum concentration
encountered thus far at a deepwater stat ion is 10.800 cells, ml. which is below the 20.000 or above
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Table 3
Partial List of Phytop lankton Species Present in Lake Conway

April Through August 1976

Frequent or Occasionall y
Abundant Common Occasional to Rare

Anahaena cf, wisconsinense Tetraedron minimum ,4nkis-trodes,nu.s falcatus
cf. Osc’i/latoria sp. Tetraedron (‘audatum Agtnene/Iuin s p.
cf. Cv /indrospermum sp. Scenedesmus spp. (3) ..4phanocapsa de/u’ati.s.s’,rna

Chroococcus /i,nneticus Staurastrum spp. (3) Aphanothece nidu/ans

Chroococcus dispersus Cosmarium sp. Coelastrum cambricum
- . Ci’e/otella .ste//igera Dinobr von bavaricuin Coelastrum spaericum

Cvclozella meneghiniana Oscillatoria cf. limnetica (‘rucigenia crucifera

St’nedra sp. Coeiosphaerium nuegelianuni Dictvosphaeriuin ehrenhergianum

A chnanthes minutissima Se/enastrum minutum E/aka tothrix ge/a t inosa
Kirchnerielia contorta Lagerheimia ciliata

Kirchnerie/la solitaria Lrngb va sp.
!t’ficroci’stis aerugino.sa

~4’ficroct’stLs’ incer a
Nit zschia palea.
Oocvetis spn. (4)
Mougeotia sp.
Peridiniuni incon.s’picuunt

Eua.sirum sp.

Table 4
Mean Vertical Distribution of Phytop lank t on in Lake Con way

Apr il Throug h August 1976 (cells/ mI)

Depth April May June ~hily August

Top ( I  m) 533 2440 5460 8490 6070

Middle (3.8 m) - 3380 4600 5740 5790

Bottom (6.8 m) - -  2390 4 1 6 5  5 i6 0  4450

cells~ ml which are often found in eutrophic waters. Between April and September the mean chlorophy ll
a concentration ranged from 2.5 to 9. Carlson ~ co nsidered 6.4 mg m~ to be about midrange for
chlorophyll a and indicative of mesotrophy.

The algal species present also point to mesotrophic conditions. Much of the algal biomass is blue-
green (cyanophyta). which is associated with eutrophic conditions and high nutrient levels. On the other
hand, most of the species present are green algae (chlorop hyta). In addition, many of t he ehlorophvtes
are desmids . w hich are considered to be indicators of oligotrophic conditions. The desmid group has
been used as the denominator in various algal species ratios that increase with increasing tropa~c n~rste. A
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r icher desmid flora lowers the trop hic index and points to more oligotrophic conditions. Thus . l.ake
(‘onwa~ contains trad itional indicators of both eutrop hy and oligotrophy. As such, it is difficult to
c lassify on the basis of phytop lankton data exclusively. In genera l. the la kes appear to he in good
cot id itiot~ with little difficulty from high populations. Bloom conditions have not occurred and the wa ter
clar ity is generally high. l.ake Conway is quite tree of algal problems . consider ing the heavy residential
deselopment of the shoreline and the high temperature and solar energy inputs of central F lorida.

[he rather high populat ions of macrophytes may he a partial exp lanat ion of the low’ algal
abundance. ‘[he large populat ions of Pozamogeton and Hvdrilla max’ take up nutrients that otherwise
would he utilized t’or growth by algae. More complete conclusions on the biology of Lake Conway
phvtop lankton will t’ollow more comp lete analys is of samples in hand as well as the collection of ’ data in
the com ing months. All biological systems are greatly intluenced by seasonal fluctuations so that
conclus ions based on a few’ months’ data must be made w ith a degree of caution.

BENTHIC INVERTEBRATES

Methods
Benth ic invertebrate samp les were collected in April , May, July. and September 1976 and wi ll

cont inue to be collected every 2 months . This sampling regime will adequately characterize seasonal
variat ions in the slow-changing invertebrate populations. We se lected 21 sampling stations overthe four
pools and Lake Gatlin. In A pril and May. one samp le was taken at eac h station. In July and September .
two samples were taken at each station. Duplicate samples will be taken in the future.

During the first three sampling periods, an Ekman dredge was used to obta in the samp les. This
dredge, lowered on a cable to the lake bottom . takes a 0.25-ft 2 (0.023-m2) bite from the bottom. The
mater ial is brought into the boat and sieved through a U. S. Standard No , 30 sieve (0.595-mm mesh) to
remove mud and sand partic les. The remaining detritus and live plant mater ial (containing the benthic
invertebrates) is preserved with formalin. s imultaneously vital stained with rose bengal. and stored in
jars for further ana lysis in the laboratory. In September . the Ekman dredge was replaced by a Micro-
Ponar dredge. This dredge samp les t he same surface area as the Ekman. and the sampl ing results of the
two grabs are comparable. Ow ing to a different design, however, the Ponar does not lose any of the
samp le while it is being hauled up into the boat.

In the laboratory, the samp les are was hed to remove the formalin. The stained benthic invertebrates
are then handpicked from the detritus and preserved in alcohol. Counting and identification were done
us ing a stereoscop ic or compound microscope. The organisms were identified to the species level when
possible. To aid in identification, the keys of Pennak ,2 Beck .9 and Br inkhurst ~ were used. A Shannon-
Weaver diversity index was calculated for each sample using the formula suggested by EPA:

= ~ (N log10 N - ~n1 1og 10 n1)

where
C = 3.23
N = total number of individuals
n~ = number of individuals of the ith species

135

- — , 
. 

5 .  % _ 4 , ’, ~ , ~, ,  - - — - - b 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --



An art ificial substrate sampling technique is also being used. Masonite multip le-plate samp lers
were constructed accord ing to I - I ’  \ guidelines . I hese wer e hung in the water fro m docks during June
and JuI~ and collected alter 7 weeks I he sirgaiiisms that had eofoni ied the samplers during the
incuhat io’t period were remo’sed h~ hand and preserved in alcohol . In September . these samp lers were
hung Irom lines suspended between weig hts on the lake bottom and f loats on the lake surface at f i ~c
different stations (one in each pool . Figure 8). At each of the f i~ c stat ions , one sa m pler was suspended al
0.5 m and one at 1 .5 m from the fake hottom w ith the aid of SCUBA techniques. I hese lOsamp lers will

remain in the water b r  4 week s . I his procedure will he repeated at 2-month intervals .

Results

~~‘ i~h the except ion of ’ Apr il. all 2 1 stations were sampled at each samp ling date. Ihe six deep
stations were omitted u~ u A rril.

l’he total number of taxa found is presently 56. hut t he list is growing as more samp les are being
examined. Most identifications are certain to genus level , while approximately 50 percent of the taxa
ha’se been identified to species I’he species list (Iahle 5) conta ins a number of common, pollution-

tolerant invertebrates as well as a fairl y large number of species that are more or less intolerant of
environmental stress. i’he latter group includes species of ep hemeroptera (mayflies). odonata
(damse lilies and dragonflies). tr ichoptera (caddistlies) . and a few species of chironomidae (midges).

‘[he number of ’ spec ies per samp le sar ied from 3 to 22. From the data gathered in May. it was
ev ident that the shallow-water stations supported larger and more diverse populations than the deeper
sections of the lakes. l’ahle 6 illustrates this point. This finding correlates well wi th our s isual
observat ions. Using SCU BA techni ques. we not iced that only the shallower sections along the shoreline
have dense submerged vegetation , wh ich can support a large number of invertebrate species.. In the
deeper sect ions of the lake, the very low light levels prevent any plant growth and t he bottom consists of
very soft mud.

Among the more abundant species , the flatworm Dugesia tigrina and the snail Gon,oha.s:.s sp.
occurred only at shallow stat ions (along with many less abundant species ) . the tuhif ’icidae
(sludgeworms). Hi ’a/ leIa a:tec ’a (scud), and most of the ch ironomidae (midge larvae) occurred es enly at
deep and shallow stations. C’haohorus aihipes (phantom midge) was found almost only at the deep
stat ions. Not all species were distr ibuted evenly among the five pools .

‘[able 7 shows some biological parameters grouped according to month and lake basin. On the
average, the diversity, number of spec ies sample. and the density (ind i~iduals m )  were higher in t he
Middle and East Pools than in the other two  pools and I.ake Gatlin. In the South . Middle. and East

-

‘ 
Pools, average densities went up 70 percent from April to May. In the West Pool and l.ake Gatlin.
dens ities declined during the sample period . For all pools combined, density and average number of’

spec ies (hut not diversity) went up from Apr il t c  May.
Alt hough comp lete data are unava ilable for the artific ial substrate samplers . some observations can

he made. The samp lers collected large numbers of chironomids , espec ially those samp lers that were
suspended in vegetation . Other spec ies were also collected , hut not nearly as many as were found with
the convent ional Ekman dredge. However , the art it ieial substrate is apparent ly suitable for hryo,oa
(moss animafcules). w hich were not found in grab samp les. Alter a 7-week exposure period, a great deal
of algae had grown over the samp lers . interfering with removal ofthe invertebrates. For t hat reason , the
present masonite samplers will he left in the water for only 4 weeks and have been suspended in a more
standard ized lashion than the first series.
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Table 5
Benthic Invertebrates Spec ies list for l,ake (‘ons~a~

Division Subdivis ion Species

l urbellaria I) ugesia i,gr,na

Nemertea ~I r~idemi tifi ed “V ’

Brvoioa / ‘/ u,nate/Ia r~’pen~ s ,i r. ap/) re s Ill

Gastropoda I’lanorhidae (i i r uU I Us sp.
nidentilied “A ”

Phys idae P/ u sa sp.
Pilidac I’Ou uiU ( ’(’U ~~
Viv iparidac I ivup ur u.s sp.
P leurocer idae (is.nu ,s,/ ’a.si .s sp.

Pelecypoda Unionidae I nidentil ied “A”
Sphaer iidae Sp/ zaer iuni sp.

Oligochaeta Aeo losomat idae t ’ nidentit ied “A”
Na ididae Pri.stina hreu ’isei a

I)ero nit’eu

l’ubificidae cf. Linl,u) drilu.s /us,/fnue,slerl

Lumbr iculidae Lunthrit ’u/u.s sp.

Hirudinea Glossiphoniidae Helobdella sp.
Placobdella p/ i a/era

Amphipoda I /m a/ e l / u  a:F eca

E)ecapoda Camhaf inae Unidentif ied “.‘\“

Palaeomon idae Palaeo ’nom’te.s paIudo.~u.s

l-Ivdracarina Un identif ied “.‘\“

Ephemeroptera Ephemeridae !Ievage?1u1 sp.
Baet idae Ep/uenu ’rella sp.

Odonata Zygoptera .1 ,usmmal agriofl lia ’~i utatui i i i
Ena llagma sp.
Un identified “ ‘\“

Anisoptera Lpu ’ordu/ w regina
(e li,/ zemi.s fa.sciata

Taurip / u i l a au.s tra l,.s

Tr ichoptera Psychomiidae Unidentif ied “A”
Hydroptilidae Unidentified “ ‘\“

IIi ’dropu/a ~p.
Leptoceridae Leptoce lla sp.

I.ep idoptera \‘ m ’mp / iu Ia sp.

I)iptera Culicidae ( haohorus a/hi jues
( haohori z.s aI / ) l f H ’ \  pUp.i

Ceratopogonidae &‘z:Ia se t u th .sa

(Cont inued)
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Table 5 (Concluded)

Division Subdivision Species

Chironomidae Tanypodinae Proc/adiu.s’ sp.
Tanv pus sp.
A h/ahes,ni ’ia peleen.si.s
Clinotanv pus sp.

Chironomini Para/ auterhon ie//a nigrohalu ’rali .s
Chirono,nu.s ’ attenualu.s
Crvp toc hirononuus tide us
Harni.cchia cf. s iridu/u.s
Parac hirono,nu.s ’ hirtulatu.s
Pals pedilum halterale
Endochj rononuu.s nigrican.s
GIipu.tendipe.s’ .s’eni/i.s’

Tanytarsini Cladotan i-tarsus sp.
Tan m tarsu.s’ sp.
Nim hos era Si) .

Orthoclad iinae Cricoiopu.s ’ ~~
Brillia par
P.s ’ectroc/adiu.s s’erna/i.s
Chironomidae pupa

Table 6
Comparison of Shallow-Water and Deepwater Stations

No. of Average No. Average No. of Shannon-W eaver
Stations Samples of Species I ndividua ls/ rn 2 Diversity

Shallow 14 13.6 768 1 2.53
[)eep ( 4 m) 7 6.3 397t) 1. 39
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Table 7
Some Biological Parameters for Benthic Invertebrate Populations ,

Grouped According to Sampling Month and Lake Basin

Average No. of Average No. of
Pool No. of Samp les Species/Sample I ndiv idua ls/ rn 2 Average Diversity

Apr il

Sout h 4 10.0 2,949 2.38

Middle 5 14 .8 5,955 2.85
East 4 10,3 4 ,229 2 .60
West 1 12.0 10,701 2.25
Gatl in 1 12.0 8,586 2.83
All 15 11 .9 4 ,919 2.64

May

South 5 12.0 4,832 2.58
Middle 6 14.2 (0 ,270 2.35
East 5 14,2 7,379 2 .61
West 3 7.7 3,409 1.61
Gatlin 2 7.0 3,409 1. 42
All 2 1  13.0 6.473 2 .13

Both Months Combined

South 9 1 1. 1 3,948 2.49
Middle II 14.5 8,327 2.58
East 9 12.5 5,997 2 .61
West 4 8.8 5,22 1 1. 77
Gatlin 3 8.7 4,703 1 .89
All 36 12.5 5,826 2.34

PERIPHYTON

Methods

The periphyton community is being studied by suspending glass slides in commerciall y produced
samp lers (Design Alliance. Inc., Cincinnati, OH). Surface regrowth samplers are set up in each of the
five pools (Figure 8). At some stations, samp lers have been anchored at I- or l .5-m depths as well.
Samplers were set out in late June and mid-July, and again in late September and mid-October.
Incubation periods varied between 10 and 2 1 days . Upon retr ieval, some of t he slides were placed
directly in 100 ml of 90 percent acetone and analyzed spectrophotometr ically the following day for
chlorophyll a concentration using the pheophytin correction techni que as descr ibed by the EPA .’ The
rema inder of the slides were placed in wide-mouth bottles containing a 5 percent neutra lized formalin
so lution. Dry and ash-free weights were determined for the preserved samp les at 10 5° (’ and 500 C .
respect ively (EPA~ . Ident ifications were made using a tinitron inverted microscope . while counts w ere
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performed using Sedgewick -Rat ’ter chambers as described by EPA. ’ For diatom identification .
permanent mounts are being made by clearing the organisms with 30 percent hydrogen peroxide amid
n3ounting in permount.

The periphyton community is also being assayed as it occurs directl y on macrop hyt ic surfaces. At
each samp ling locat ion, plast ic bags are lowered over the top of various macroph~tes. below’ w hich the
plant is clipped and the bag secured. ‘l’he per iphyton assemblage is be ing studied from the surfaces of
Va l/isneria , Poiwnogeton . .Vite l/a , and I ’Im ’dri l/ a. The surface area is measured for each sample. after
wh ich the plant is placed in a Waring blender and homogenized. This detaches the peri ph~ton from the
leaf surf ’ace, disentangles periphyton clumps , but does not disrupt individual algal cells to any
recogn izable extent. Identification and counts are made as described abo~e and related to surface area.
Biomass to surface area ratios are also being determined. [his allows periphyton counts to he related
directly to macrop hytic biomass.

Results and Discussion

Periphyton dry weights and ash-free weights are presented in Table 8. Since samplers put out in
mid-October have not yet been retrieved , many values rema in unavailable. [here appears to be a large
var iation between pools, w ith Lake Gatlin and the South Pool being least product ive. In general, much
greater product ivity is found at depths of I and 1,5 m than at the surface. For the salues available.
product ivity seems less during September t han in June and July.

Chlorophyll a concentrations are presented in Table 9. Again, there appears to be a large degree of
var iation between pools and depths. Identifications and counts for both regrow’th and macrop h~tic
surfaces are presently incomplete.

PHYSICAL-CHEMICAL PARAMETERS

Methods
In conjunction with the biological collections, selected physical-chemical parameters were

rout inely samp led in Lake Conway. Depth. Secc hi disc , dissolved oxygen , temperature. pH . and
samp les for chloro phyll a are routinely taken at all stations. Temperature and oxygen are measured in

situ at l-m intervals using an oxygen-thermistor thermometer probe (Yellow Springs Instrument Co.).
Additional samples are collected for oxygen analysis by the Wink ler method. Field measurements of pH
are performed using a portable pH meter (Beckman). Water samp les for chlorop hyll a analysis are
stored at 4°C in the dark and returned to the laboratory where extraction and pheophvtin corrected
chlorophyll determinations are performed using standard methods (EPA7) .

Results and Discussion

Table 10 presents mont hly means for physical-chemical parameters. Surface temperatures in the
lakes ranged from 24,1 to 32.5 and showed normal seasonal fluctuations. Significant stratification did
ex ist at the deeper stations in the East and West Pools of Little Lake Conway and Lake Gatlin . By
September . th is stratification had disappeared , and temperatures were fairly uniform throughout the
water columns,

Monthly variations in dissolved oxygen and pH showed no significant trends However, daily
changes for both these parameters did show fluctuations that were consistent with pr imary productiv it~
in the lake. 1-lypolimnetic oxygen concentrations reached zero in both pools of l ittle l ake (‘onway

l4 l
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Table 8
Peri phyton I)ry Weight and Ash-Free Weight * (rng / m2/ day)

1.ocation June-July September-Oc tobe r

la ke Gatlin Surface 56.9 NA
15. 9 N A

la ke (jat lin 1.5 m 9.1 NA
7. 7 N A

West Pool Surface 8. 1 3 1. 1
4.9 31. 1

\Vest Pool 1.5 m 749.9 NA
288.2 NA

Last Pool Surfoce 245.8 102 .7
66.3 102. 7

East Pool 1. 5 m NA 148 .7
NA 148. 7

Middle Pool (Wes t) - - — Surtace 5.5 9.5
4. 7 9.0

Middle Pool (West) . — I m 262.5 2 1, 1
76.8 19.4

Middle Pool (East) -—Surfa ce 2.8 NA
1.4 NA

Middle Pool (East) -- I m NA NA
NA NA

Sout h Pool - Surface 84.8 NA
19.9 NA

* First value given is dry weight.

Table 9
Peri phyton Chlorophy ll a Concentration *

(~g/m 2/day)

Location Septembe r-October

Lake Gatl in - Surface NA
Lake Gatlin - - 1.5 m NA
West Pool --Surface 55.2
West Pool - 1.5 m NA
East Pool Surface I l8.6
East Pool 1.5 m 546.6

Middle Pool (W est) - — Surface 45.2 -
‘

Middle Pool (Wes t) - -l m 283.4
Middle Pool (East) Surface N A
Middle Pool (East) -l m NA
Sout h Pool —Surface 64.8

* Values for June-July not ava ilable.
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‘F able 10
Monthly Means of Ph ysicochemica l Parameters in Lake (‘onway

April Throug h August 1976

Temperature Dissolved Oxygen Secchi Disc ( hloroph ) ll a
Date o( ’ mg/ I pH m mg/rn -5

Apr il 25.38 8.83 ‘-  3.08 2.47

May 25.60 8.30 7.38 2.40 3.81

June 27 .95 8.90 7.26 2.22 4 .32

July 30.70 7 .80 7.96 1.8 5 5.04

August 30.43 7.91 8.06 1.80 - -

September 28.08 7.61 7.85 1 .98 8 .72

during May through August . By September . t here were no oxygen deficits in any of the pools. prohahl~
a reflection of isothermal conditions present in that month.

Secchi disc transparencies showed a decreasing trend, which correlated wi th increases in algal

abundance throughout the summer. Generally, Secch i disc values were loweratthe northern stations .
Chlorophyll increased throughout the summer ref lecting the increase in phvtop lankton hiomass.

Var iations between pools within any month showedincreasingch lorophyll leve ls lromsou thtonorth.

CONCLUSIONS

The Lake Conway system is comp lex w ith much biotic and ahiotic variation between the f ive pools.

W ith the small amount of data thus tar gathered, a firm des ignat ion of trop hic status for the system is

impossib le. However, the mean hypoiimnetic oxygen concentrat ions, the Secch i disc ~alues. and the
chlorop hyll a levels point to mesotrop hy. Biological parameters indicate trop hic status differences
w ithin the system , w ith the East and West Pools and Lake Gatlin on the eutrop hic side of mesotroph~
and the South and Middle Pools on the oligotrophic side.

Since the process of eutrophication is a very comp licated phenomenon involving the
interrelationships between physical, chemical , and biological factors , simple descriptive terms , suc h as

eutrop hic. mesotrop hic. and oligotrophic. do not always adequately descrihe a lake’strop hic condition.
To quantify troph ic state several numeric indices have been developed. Most notable have been the
methods of Shannon and Brezonik’ I and Carlson.~ Both of these indices increase in value as thetroph ic
state of the lake changes from oligotrop hic to eutrop hic.

Figure 9 illustrates the relationship between trop hic state and chlorophyll. Because of its ease of

calcu lation and simplicity, one of Carlson’s trop hic state indices was used. It was calculated h~ the
form u Ia:

TSI(SD) = 10(6 — log2 Secc hi Disc Value)

[he range of Carlson ’s index is from 0 to 100. The values calculated for the entire l ake (‘onwa~ sy stem
place th is group in the middle of the index .

[he hiota examined thus far also indicate mcsotrophy. The large hioniass of submer sed asc ular
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plants and macroscop ic algae, however , may be indicat ive of excessive nutrient ksadins~, Wh ile aprel iminar~ nutr ient budget indicates a loading rate characteri stic of a mesotrophic lake, further
refinement may indicate otherwise .
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BA C K (; RoE ’ND WATER-QUAL I TY Ar~AL~’SIS OF LAKE ( ‘O N WA Y

by

A. I . Sawicki *

ABSTRACT

The Orange County Pollution Control Department has been performing comprehensive wa ler-
quality analyses on area lakes since 1972 . Beginning with January 1976 , the department has analyzed
Lake Conway water quality more intensively under contract to the U. S. Army Engineer Wat e rwa~Experiment Station (WES). A brief comparison between historical data obtained from 1972 througl-i
1976 with the more recent data indicates water quality in Lake Conway is relat ivel~ predictable. varies
somewhat from pool to pool, and is subject to short-term seasonal and other variations.

INTRODUCTION

Let me introduce Orange County to you in a brief overview to give you an idea of what our interests
are. First of all, Orange County covers about 1000 square miles and has 1100 lakes larger than 5 acres.
We are charged with the job of monitoring and preserving water quality throughout the count\’ . Lake
Conway. of course . isj ust one of the urban lakes that we monitor most frequentl y. There are roughl~ 50(1
different stations in the county that are monitored routinely: that is, stations which are samp led either
quarterly, semiannually, or annually. The places monitored most frequentl y are usually in urban areas
where water quality is more likely to be adversely affected and is often critically important to the public.
Occasionally we monitor lakes in the Outiyrng areas whenever there ~ a possible change of water qualit~due to a sp ill or some other problem.

OPERATING PROCEDURE

What I would like to show you very briefly is the l i rst slide** w hich lam sure you will recogni/c
Again you see Lake Conway where, under contract, we sample a tot al of II stations: two in the south
portion, three in the Middle Pool, two in the East Pool , t hree in the West Pool. and one in Lake Gat lj n .
In addition, five of our own stations are located in the centers of each of these lakes and we have data
from them beg inning in 1972. These analyses , performed semiannually on surface. midd epth . and
bottom samples, include 28 chemical parameters . 20 biological parameters , and 5 microbiological
parameters listed below in Table I. Note the parameters which are periodicall y reported under contract
to WES .

N ow let me illustrate briefly the way our samp ling program is conducted in the field. The Secchi disc
and turbidity in Jackson Turbidity Units are used as measures of water cla rity I he Kemmerer bottle is

used to collect samples at the surface. middepth . and bottom of lakes and streams. In cases where the
water depth is less than oft we do hilevel sampling. The standard Winkler method o dissolve d oxygen

S .1,1,11)1 i) ircctor , Orange ( ounI~ I’~illuIion Co ntro l  t)epart nicnt . ()rI,iisl - lorid.i
Slides nienhioned herein are not depicted irs t his report.
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analysis is used, although more recently we have been using the Hydro-lab instrument , which

electronically measures 6 chemical parameters. These include dissolved oxygen. pH. temperature.

depth. oxidation reduction potential. and conductivity.
This slide shows the wet chemistry portion of our laboratory and in the back you see the refrigerator

where we receive and store samp les. The bottles are brought in the back door at that point and proceed

through the lab.
The next slide shows some of our laboratory instrumentation. For examp le. an automatic diluter:

next , to measure pH you see an ion probe; next the Kjeldahl nitrogen test apparat us: and finally an

Atomic Absorbtion Analyzer for trace metal analyses.
In our biology laboratory you see a spectrop hotometer for measuring some biolog ica l parameters.

Other instrumentation in this lab includes optical microscopes. centrifuges, a variety of field samp lers.

etc. This lab also keeps preserved samples of macroinvertebrates that are representative of the hiota in

lakes and streams at various points in time.
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Finally, our department does chemical weed control and we participate in biological control
methods as well. There isa wide variety of aquatic weed problems in Lake Conway as you see in this slide
where there are submergent as well as emergent weeds. In this slide of a finger canal in l.ake Conway.
you see a turb idity problem caused by green algae as well as clumps of slime and lilamentous algae.

Our department is also concerned with a host of other problems. For instance , a local enterprising
developer is pushing soil into the lake and in doing so he creates local turbidity problems as shown in
these two siides. Because of potentially serious water-quality degradation posed by pushing dirt and
vegetation into the lake, and because he does not have the required county and state permits , we have an
enforcement act ion against him. While this individual was aware of his responsibilities, many people do
not realize how detrimental such activities are to water quality. Probably the most important function
we have to perform at this time is to educate the public as to what good water-quality practices are. ‘t his
includes explaining our needs for extensive background data for purposes of detecting adverse trends or
to ut ilize the information in legal actions; the need for permits which encourage and condone
env ironmentally sound development practices while restricting harmful ones; the economic and
env ironmental advantages of biological over chemical control of aquatic weeds; the need to act
promptly to halt sources of pollution, etc.

ANALYSIS

A brief analys is was performed to determine whether the water-quality characteristics of Lake
Conway since 1972 differ from those obtained for the WES contract in 1976. For this purpose. six
chemical and two biological parameters listed in Table 2 were chosen for analysis and were assumed to
be representative of water quality.

Data were obtained from the files of the Pollution Control Department (PCD) and from
information obtained for WES. Table 3 cross references sampling station identifications which are used
later in the report.

The first step in the analysis consisted of computing the mean and standard deviation for each
parameter at each station. Each surface, middepth. and bottom sample was treated as val id data point .
rat her than combining samples to get a representative value for each station. This procedure tends to
increase the dispersion or standard deviation because surface and bottom values of certain parameters
are cons istently different. For examp le, inspection of raw data indicates the dissolved oxygen of surface
samp les is usually greater than that of bottom samp les.

Table 2
Representative Water-Quality Parameters

Chemical Biological

Di’ssolved oxygen (DO) Chlorophyll a
Biochemical oxygen demand (BOD) Non-astician carotenoids
pH
Alkal inity (Alk)
Phosphorous . total (nt )

Nitrogen , organic (No)
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Table 3
Sampling Station Identi fications

Area Lakes Midpoint of Lake WES Station

Lake Conway
South Pool BC-9

2

Middle Pool BC-8 3
4
5

East Pool BC-6 6
7

West Pool BC-7 8
9

10

Lake Gatlin BC- I I II

RESULTS

The means and standard deviations forthe eight parametersare shown in Figures I through 8. Note
that the results for the points designated as BC-9, BC-8, BC-6, BC-7, and BC-I I over the 4-year time
span from 1972 through 1976 are generally close to those for the first 9 months of 1976 taken at Stations
I through 11 chosen by WES. However, there are some exceptions for Lake Gatlin (Station BC-Il).
where the means for BOD, P~, and No (Figures 2, 5, and 6) and the standard deviations for DO, BOD,
Alk , and P~ (Figures 1,2,4, and 5) are significantly greater for the 4-year period than for the 9-month
period in 1976. This information indicates that water quality in Lake Gatlin varies significantly from
time to time and its water quality is somewhat poorer than that in the four lobes in Lake Conway. This is
ev ident by the significantly higher values of BOD, Pt ,  and No.

Figures 9 through l6 are intended to illustrate seasonal trends in the eight representative
parameters and to reveal any anomalies between the 1972-1976 PCD data and the 1976 WES data.
Referring to Figures 10. 12 , 13 , and 14 , there appear to be differences in trends between the PCD and
W ES sets of data for BOD, alkalinity, phosphorus, and nitrogen. It is interesting to note that there are
correspond ing anomalies in the means between these sets of data in Figures 2, 4, 5, and 6. In fact , the
part icularly large fluctuations in Lake Gatlin water quality noted earlier may be at least partially
responsible for the anomalies. In addition, the 1972-1976 data are somewhat incomplete since analyt ical
results for the months of May. August , and December were entirely lack ing, and the number of samples
tabulated for a few of the other months were quite small, Perhaps seasonal trends would be more
apparent if they were grouped in bimonthly, quarterly, or other groupings.

CONCLUSIONS

The data shown in Figures I through 16 are based on about 600 samples, half of which pertain to
PCD data for the 1972-1976 time period and the remainder to 1976 samples obtained under the WES
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contract. W hile this number of samples seems large enough to support certain statistica l inferences of
water quality regard ing the long-term and seasonal condit ions ol Lake (‘onway and Lake Gatlin , the
follow ing conclusions should he considered.

a. Iwo parameters t hat have small var iat ions in their means and standard deviations are pH and
alkalinity (Figures 3 and 4). Also, t hey do not appear to have significant seasonal variations
( Figures Il and 12).

I’. Over the 1972-1976 time period, water qua lity in Lake Gatlin (Stations 11 and BC-I I) varied
w idely as shown by the large standard deviations in Figures 1 ,2,3. and 7. On the other hand, for
reasons that are not apparent at this time, water quality in Lake Gatlin in 1976 appears very
similar to that of Lake Conway (Stations I through 10 and BC-6 , BC-7. and BC-9).

ç, Seasonal trends between PCD( 1972-1976) and W ES (1976 ) data appear to be closely correlated
for dissolved oxygen and nonastician carotenoids (Figures 9 and 16). However , there seems to
he an inverse seasonal relationship between t hese two parameters , that is . 1)0 is high when

~ caroteno ids are low, and conversel y.

d. Correlations of seasona~ trends between PCD and WES data are not read ily apparent from
Figures JO , 13 , 14 , and 15 for BOD, P . No . and Chlorophyll a. While such correlations are
expected. they may be lacking owing to shortcomings in data. For example. the dashed lines in
the figures indicate that no PCD data were obtained for the intervening months. Thus, peaks in
parameters which were measured or which may have been missed very likel y biased the trend
lines and obscured the expected correlations.

e. The PCD and WES data in Figures I through 8 exhibit significant overlapp ing in the standard
dev iations of the eight selected parameters . These data strongly suggest water quality in Lake
Conway has been relatively stable since 1972, However. Figures 9 through l6also indicatethat
seasonal changes in water quality do occur , and ana lyses for one particular season are not
necessar ily representat ive for other seasons. Therefore , improperly designed exper iments may
bias results it such seasonal variations are not properly analyied.
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PROPOSED RELATIONSHIPS BETWEEN WEI ~rF: AM L ’ R A Nt )  THE
AQL ’AT I ( ’ EC OsYSTEM AT LAKE (‘ON W AY , FL O RID A

by

K. C’. Ewel* and I. D. Fontaine lll**

INTRODUCTION

l’he U. S. Army Corps of Engineers is currentl y conducting a large-scale field lest of the ahilil~ ol

the ~hite amur (Ctenophari ’ngodon ide/ la Val .) to contro l excess ive growths of hydrilla (Hi ’dri/ la
se r ! i s ’i IIata Royle) in a Florida lake ecosystem. The test is being carried out at Lake Conway in Orange
Count’.. Flor ida. l.ake (‘onway is 7.6 km 2 and over Sm deepat its deepest point. The lake is surrounded
by residential developments , although small sections of its shoreline remain relatively undisturbed.

In order to predict the long-term effects of the use of white amur . a model of the ecosystem at Lake
Conway is being formulated , which will provide a basis for interpreting the effect of the fish not only on
the population of hydrilla but on the entire ecosystem as well.

The purpose of modelling usually includes more than prediction , however. The process of
constructing a model often points out additional data needs, and simulations may disclose relationshi ps
between components of a system that were not obvious before. For these reasons , it is useful to begin
modelling efforts at the beginningof a project , if~ot before. The mode) presented here for Lake Com a~
was assembled before fieldwork began, so it contains only a small amount of data that had been gathered
on the lake itself. It therefore represents a concept of a lake ecosystem in the southeastern U nited States ,
based primaril y on published results from temperate take ecosystems .

ASSUMPTIONS OF MODEL

The model currentl y being simulated is shown in Figure l.The computer program used to simulate
the model is listed in the Appendix. The emp hasis at thiss tage of the modelling process is on interactions
between a key nutrient , phosphorus, and the four main categories of plants: phvtoplankton , peri ph~ ton.
hydrilla, and native submersed macrophytes. The data used to calculate the values of path ss ass and
amounts of each of the state variables were taken from the literature and from the small amount 01
information previously collected on the lake itself. The model, therefore, represents a generaliied model
for a F lorida lake, but does not yet specifically represent Lake Conway.

Forcing Functions
Solar energy, temperature, and rainfall and runoff with their associated inputs ol phosphorus are

the external controlling factors that are considered to be most important to the functioning of the lake
ecos\ stem.

So lar radiation. Monthly solar radiation values are grap hed in Figure 2. Full solar radiation is

7 - .~, s u uu Rs~earch Scientis t, School of t’s,rest Resou rces and (‘ iin ser at i on and (‘s i t ter sir Wet lands . I iii ci s i t S  i’t l- Is,i idu,

5,,,i,t un t . i S’i iartrneuit sib i ns iriinms’ntal t-u ig ins’ersng Ss’ieuics ’s . I uts e r su t  i t t  I- lot i,lti . (i uiflCs\ ill s
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F igure I. Model su b Lake ( sinsszus ecosystem currently being simulated

assumed to reach the vascular plants whose leaves are near the surface of the water , as well as the
phvtop lankton and t he periphyton. New growth of hydrilla. however , is dependent on sunlight t ’iltering
through several metres of water. A spec ial term (START ) has , therefore , been included to take into
account not only the ext inction coefficient of water but the shading effect of phvtop lankton and other
vascu lar plants as well.

Tem perature. Surface water temperatures from l.ake Conway are also shown in Figure 2.
Temperature plays an important role in controlling the rates of photosynthesis and resp irat ion in
aquat ic organisms. The relationshi p between net photosynt hesis and temperature in three species of
aquat ic vascular plants is presented in Table I. Data summar i7ed in Sculthorpe 5 suggest that respiration
rates increase 1 .32 to 3.48 t imes for each 10°C rise in temperature in many aquatic macrophvtes . A value
of 1.4 was arb itrarily selected for all the plant species used in this model. In order to combine
temperature relat ionships for net product ivity and resp iration into a factor that could he used to express
temperature dependence of gross pr imary productivity, the values for net pr imary productivity and
resp iration were converted to a relative scale in which the highest va lue for the three rel’crence

temperatures became one, and t he other two values were a fraction of that. 1hc re lati se values for net
product ivt t y and resp iration were then summed ( ‘I’able 2). and the resulting value for gross primary
producti’ . iv was in turn converted to a relative scale. These factors, when included in the producti’ . il\
term , prov ide a temperature dependence that makes gross primary productivity in vascular plants
sensi t i’ .c to t he changes in temperature between It) and 30°C. In this model . resp iration . hut not
photosY nt hesis of per iphyton and phytop lankton. was cons idered to he temperature-dependent.

Phosphorus . Iwo fractions of phosphorus are distinguished in this model: orthophosp hate . ort hat
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Table I
Net Photosynthesis of Three Aquatic P lants *

Temperature Net Photosynthesis
C - H ydrilla Potamogeton Va llisneria

10 19 .8 7.3 5 . 3

20 31.6 9.0 4.6
30 18.3 5.9 4.0

* p moles 02 g. fr. wt. -hr (Garrard2).
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Table 2
Relative Productivity and Resp iration Rates for

Hydr illa and Native Submersed Plants

Hydri lla Native Submersed Plants
Temperature NPP * R ** CPP t NPP I ’t R CPP

10 0.63 0.55 0.67 0.93 0 .55  0.85

20 1.00 0.74 1.00 1.00 0.74 l.00
30 0.58 1.00 0.91 0.75 1.00 1.00

* Relative value for net primary productivity, calculated f rom va lues in Table I: all values were
divided by the largest.

** Resp iration function: 0.63 e 03( ’FemP) ; all values divided by largest.
t Relative value for gross primary productivity, ca lculated by summ ing the values

for NPP and R , then dividing by the largest value.
tt  Relative net primary productivity values for native submersed plants were calculated by averag ing

the values in Table I for Potamogeton and Vallisneria and dividing by the largest.

fraction which is dissolved in water and readily available for plant uptake; and particulate phosphorus .
that port ion which is tied up in organic matter in the plants and sediments. Phosphorus ex ists in other
forms, but these appear to be the most important and are assumed to constitute the entire poo1 of total
phosphorus.

Monthly inputs of total phosphorus and orthophosp hate v ia rainfall and runoff are listed in
Table 3. In this model, orthophosphate entering the lake is available to plants for uptake. The
part iculate phosphorus, however, sinks to the sediments , where it must be remineralized before
becoming available to the plant population again. Remineralization appears to occur fairly rap idl~
under anaerobic conditions. However , t he orthophosp hate that is formed cannot reenter the lake water
as long as the top few cent imeters of the sediments are oxidized, s ince orthop hosphate under these
conditions is bound to clays and iron compounds and is retained in the sediments. When the bottom
layers of water contain less than I mg/I of oxygen, however, t he orthophosp hate is released into the
water. 9

Dissolved oxygen levels in Lake Conway are low enough from April to October to permit release of
orthop hosp hate . s ince warmer temperatures during these months bring about increased rates of
resp iration in benthic organisms. The rate of flow of orthophosphate from lake sediments m b  the lake
water was estimated to be I gj m2, a value reported for undisturbed sediments. iu

Plant Populations
The plant populations in the lake have been grouped into four categories: ph~toplankton.

periphyton , hydrilla , and native submersed macrophytes. These four categories differ in their responses
to sunlight , temperature, and nutrien t concentrations, as well as to interspecies interactio ..’ (Figures 3
and 4).

!lt ’drilla. Hydrilla invests a considerable proportion of its productivity in the fall into tubers that
sprout the following spring. Since hydrilla tends to grow in deeper waters , new growth might be more
dependent on energy stores in these tubers than on sunlight. As the growing plant nears the surface of the
water , wit h its roots in the sediments below, it branches laterally, form ing a mat that quickly shades out
plant life below and exhausts the carbon dioxide supply in the surface waters , limiting photosynt hesis. I t
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Table 3
Rainfa ll and Runoff Inputs to l.ake (‘onway,

with Associated Phosphorus Inputs

Total
Rainfa ll* Runoff* * Phosphorus t Ort hopho spha tett

Month m m mg/rn 2 mg/rn 2

January 0.12 0.24 54.8 47.4

February 0.07 0.14 31 . 1 26.9
March 0. 11 0.21 47 .3 40.8

Apr il 0.07 0.14 32.2 27 .8

May 0. 1 2 0.24 54. 1 46.7

June 0. 17 0.33 75.6 65.3
July 0.16 0.31 71. 1 61.4
August 0.18 0.37 83. 5 72.2

September 0.29 0.58 13 1.2 113.4
October 0.03 0.06 12.6 10.9

November 0.02 0.04 8.4 7.3

December 0,0’? 0. 13 29,2 25.3

* Climatological data.~** The drainage basin was estimated to be 32,9 km2;4 and it was estimated that 50 percent of the
rainfall in the area becomes runoff.

+ Average total phosphorus concentration in rainfall was 0.056 mg I at Lake Okeechohee.5 and is
est imated to be 0.2 mg/ I in runoff from an urban watershed.9

~ Ort hophosphate has been found to be 82 percent of total phosphorus in rainfall in Florida.” and 87
percent in runoff from an urban watershed. 9

FACTORS AFFECTING PRODUCTIVITY OF PLANTS

DISSOLVED ORThOPHOSPHATE
TEMPERATURE ORTHOPHOSPHATE FROM SEDIMENTS TUBERS OTHER PLANTS

HYDRILLA 1

NATIV E
SU BMERSED PLANTS I

PHYTOPLANKION 1

PERIPHYTON I

t-igure 3. Factors afI’ect ing productivity of plant populations in ecosvstenl tttu udcl (Fi gure I)
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FACTORS AFFECTING
PLANT RESPIRATION

TEMPERATURE GROWTH FORM

HYDRILLA _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

NATIVE SUBMERSED PLANTS I

PHYTOPLANKTON I I

PERIPHYTO N I

Figure 4 . Factors allect ing respiration ob plant populat ions In cciu svstem nuodel (Figure i i

In this model, the net effect of this growth habit is to increase the rate of resp iration. The temperature
sensit ivity of photosynthes is and respiration in hydrilla has already been discussed.

Little is known about the rate of uptake of nutrients in aquatic plants. It is assumed here that the
process is driven by photosynthesis and that the turnover time for phosphorus in the plants is the same as
for carbon. The site of uptake is a matter under considerable debate. One study ’2 suggested an unusually
high dependence by hydrilla on its root system , in sp ite of a very low root-shoot ratio. Lomolino
(unpubi. ms.) found that hydrilla is capable of taking up phosp horus through both roots and leaves. It
was assumed for this model that 60 percent of t he uptake is through the leaves, and 40 percent through
the roots. Nutr ient output , or leaching, is assumed to be equal to the rate of resp iration. However , the
catabo lic pathways of respiration and death are not differentiated in this model. Forty percent of the
phosp horus taken up by the plant is, t herefore, assumed to be carr ied to the sediments , and 60 percent is
re leased to the water as orthophosp hate.

Product ivity of hydrilla was estimated to be 6 g-C/ m 2-day, the upper end ofa range of productivity
values for aquatic plants. ’3 Simulation of the model started in July, when it was assumed that
prod uct ivitv is maximum. Initial hydrilla biomass was estimated to be 32.5 g-C- m2 (roughly 5 tons wet
weight per acre).

Native submersed p /ants. The native submersed plants , pr imarily Nitella , Potaniogeton , and
Vallisneria , are also affected by temperature , alt hough there is less var iability in its effect on
photosynthes is than there is for hydrilla. No surface mat is formed by these species , and growth is
pr imarily around the shallow fringes of the lake (Nile/la is actually found in deeper water).

In this model , it is assumed that the macrophytes use only nutrients in the sediments. Some species
of aquat ic plants appear to depend entirel y on roots for their nutrient supply. including an African
spec ies of Potamogeton. ’2

Gross pr imary productivity of this group of plants in July was set at 4 g-C m2-day. Initial hiomass
level was 8 g-C-- m2 .
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Phrtop / ankton . The assumpt ion is made in this model that phytop lankton productivity is much
more dependent on solar radiation than on temperature. I’hytop lankton obtain all the ir nutrients from
orthophosphate dissolved in the water: 90 percent of this is returned to the water as orthop hos~’hate. and
10 percent s in k s  to  the sediment. I he temperature-depend ence lactor for phytop lankton respiration is:
0. 3 ~ e 04( Ie,tip( 4

Gross prirnar~ productivity of phvtop lankton v~ as set at I g—(’ m2— dav. and initial hiotnass at I g—
C m~.

Periphvion. l’ert p hyto n dilkr from phytop lankton in being attached to the leaves of macroph~tic
plants . Ihere ’ )re . the~ are dependent not only on solar radiation hut on asailahi lity of appropriate
suh’ ’rate as .. I he primar~ difference between per iph~ton and phytop lankton in this model is that
perip hv ton are assumed to deri’-c the orthophosp hate they need from the leachate of the plants on ~.. h ich
they are situated. Onl~ half of the phosp horus in per iph~ton is returned to the water as orthophosphate :
the other half s ink’ to the sediments.

Control Mechanisms
Herbicide. The level at which hvdrilla is considered to be a nuisance was arbitrarily determined to

be 32 g-C m .  When th is level is reached in the model, plant biomass is reduced by as much as 90 percent.
White amur. A model representing the important features of a population of nonbreeding white

amur is shown in Figure 5. In this model , it is assumed that the fish do not reproduce and that they eat
only hydr illa. Therefore , the number of f ish in a lake at any given time depends on their initial stocking
rate and their death rate. Death rate is a linear function, remov ing about 14 percent of t he existing
number each year.

The rate at which biomass is converted from plant to flesh was determined from data available in
the literature, The regression shown in Figure 6 relates increase in biomass of individual fish to rate ol
plant consumption. ’5’16 There appears to be no difference between consumption rates of the three plant
types tested, but there were significant differences between the amounts of weight gained from the
different plant types consumed (Figure 7). Fish ga ined much more weight from eating Hvdrilla and
Na/ as up to the point where 0.8 to I kg per fish was being consumed each day, after wh ich more weight
was gained from C~eratoph v//urn. The equation for fish product ion contains these regression equations
as well as a temperature-dependence factor. The rate of consumption was arbitraril y estimated to
increase 2.0 times for every I0° C rise in temperature across the range of temperatures represented in this
model.

Also included in this model was the addition of white amur fecal material to the ecosystem: a high
percentage of the material consumed by the fish was estimated to pass through without being
ass imilated, It was assumed that 60 percent of the phosp hate in the feces leachesdirect lv into the water as
orthophosp hate. and 40 percent sinks to the sediments as particulate phosphorus.

SIMULATION OF MODEL

Effect of Controls
Simulations of the undisturbed growth pattern of hydrilla and the effect of control by herbic ide.

white amur , and comb ined herbicide and white amur are shown in Figure 8. l.ittle seasonal variation in
hydrilla occurs when growth is undisturbed. In reality, however , a mat of hydrilla slowly sinks to the
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(FB) 
M~~rAu ry

+1455 
WEIGHT GAIN FOR

— 
HY DRILLA

EGEST ON + EXCRETION = [oucoNsuMvrioN)
CONSUMPTION - + 2.32]

NEW BIOMASS

RECYCLE

Figure 5. Model of nonreproducing w hite amur population which feeds solely on hvdr iila

bottom of the lake in the fall, and the subsequent year’s growt h sprouts from this mat. *
App lication of herbicide is extremel y effective in reducing biomass , but regrowth is rapid. usually

occurr ing within a year. However, when white amur are stocked at a rate of 30 per acre and about 1 kg
per fish, it takes slightly less than 7 years for the hydrilla biomass to be reduced to less than 10 percent of
its original level. When white amur and herbicide are used together . t he same level of control is achieved
in less than 2 years.

A var iety of stocking rates was simulated in which fish rang ing in size from 250 to 2000 g were added

• W H. I-ta ller , personal communication.
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Figure 6. Relationship between rate ot consumption and si/c of white amur when led on t hree specie s ol aquat ic plants

at densities ranging from 5 to 40/acre. In general, greater biomass led to faster control time , w ith a range
of approximately 2 years (Figure 9). Most rapid control was obtained by stocking I 500-g fish at 30 acre:
biomass in this case was reduced to 10 percent of its original level in 6 years.

The pattern of control is similar in all cases. Gross primary productivity of hydrilla is higher the
second summer than the first , and it increases in subsequent summers in those cases where stocking is
lower. The effect of the fish is not manifested before the third summer in any of the cases simulated. As
fish biomass increases, however, so does grazing pressure. At the same time, orthophosphate leve ls
eventually become high enough (in part because of release of the nutrients from white amur feces) to
cause a bloom in the phytoplankton population (Figure 10). Th is persistent bloom ties up enough of the
ort hophosp hate to affect gross primary productivity in hydrilla, and s imultaneous increases in grazing
pressure finally cause the hydrilla population to decline considerably —at the fift h summer in the fastest
case. Hydr illa recovers somewhat the following spring only to be dec imated the next summer. Once
hiomass has been reduced enough, a combination of the reduced light ava ilability and the continued
grazing pressure of the white amur keep the hydrilla at very low levels.

Release of Phosphorus Into Lake

The rate at which dissolved nutrients are made available to the plant community is crucial, but few
measurements have been performed on the rate at which nutrients are taken up or leached by aquatic
plants. Therefore, it has been assumed that uptake by aquatic plants is proportional to photosynthesis,
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the proportionality c~~n~ toi~ determined by the concentrat ion of phosp horus in the plant , and that the
• output is proportional to respiration. Figure II shows the relative magnitude of the different forms of

orthophosphate input to the lake. Hydrilla . the dominant macrop hyte. prov ides the greatest input , and
each of the plant groups provides more than is made available by remineralization or rainfall and runoff.
Since periphyton, phytoplankton, and hydr illa derive at least some of their orthophosphate from the
water , the net release from these categories would actually be cons iderably less than is shown.

The orthophosphate output from the feces of the white amur was monitored during the sixth year
after introduction in the control model. F’ish biomass was at its peak during this period. The amount of
ort hophosphate leached from the feces during this period (Figure 12) is roughly equivalent to the
amount released from the nat ive submersed plants in the model simulating undisturbed growth of
hydr illa.

5C

40-

30 -

c~JE

20 

-

_ _ _ _

10-

C ._ _ _ _ _-_ -_ -_

RAINFALL SEDIMENTS NATIVE PERIPHYTON PHYTO- HYDRILLA
AND SUBMERSED PLANKTON

RUNOFF PLANTS

Figure I I. Simulated l ese ls of orthop hosphate re leased a n n u a l l ~ in lake model tri irn t i se  sources
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RESULTS OF MODEL

The model at this stage of its development has served three important purposes: It has predicted the
number of years that might pass before the white amur shows control over hydrilla: it has indicated ways
in which we might expect t he ecosystem to react to introduction of the white amur: and it has pointed out
some ser ious data gaps in the literature on aquatic plants.

W hen white amur are used as the principal means of control of hydrilla. their effect may not be
v isible for 6 years. When they are used in conjunction with herbicides, control appears to be achieved
much more rap idly. The density of hydrilla used in this model is fairly low: lakes with higher plant
densities might require more time before control is achieved.

If native submersed plants derive all their nutrient needs from the sediments, as this model assumes .
then they are little affected by changes in the hydrilla population or dissolved orthophosphate levels. At
Lake Conway, nat ive submersed plants predominate in the shallow areas . hydrilla in deeper areas.

The native submersed plants seem to act as a nutrient pump, obta ining nutrients from the sediments
and leaching them into the water. Hydrilla probably behaves t his way also, although it is not dependent
solely on this nutrient source. Changes in nutrient concentrations in the water affect phytoplankton
because of their rapid turnover time, so any re lease of nutrients, w hether from hydrilla or from the white
amur, w ill necessarily result in at least a temporary algal bloom.

Considerable data are still needed to define the place and magnitude of importance of aquatic
vegetat ion in nutrient cycling. Important assumptions in this model include the role of aquatic plants as
nutr ient pumps and the significant effect they have on introduction of c) rthophosphate into the water.
Changes in these assumptions might have considerable effect on the prediction of the impact of white
amur on ecosystem dynamics.
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C U L T U R E  TECHN IQUES FOR THE PRODUCTION OF
MONOSEX WHITE AMUR

A. E. ‘Fhomas*

INTRODUCTION

Dr. Jon Stan ley initiated investigat ions into production of monosex ~ hite amur
(( ‘ ienop har ,t’ngodofl idella) in 1972, (Grass carp is the common name accepted by t he American
Fisheries Society and this name will be used henceforth.) I assisted Dr. Stanley during the early part ot
the 1975 spawning season and assumed responsibility for the project in early July 1975. when he
transferred to the Cooperative Fishery Research Unit at the University of Maine. ‘rhe ohject i~e of t he
project was to develop a method that would allow grass carp to be stocked for large-scale field test ing ol
their ability to control aquatic vegetation without danger of reproduction. The major process
investigated was that of artificial gynogenesis.

Gv nogenesis is the development of an ovum after penetration by a spermatozoan but with no

genet ic contribution from the male. Our usual procedure in producing monosex or all-female grass carp
has been to destroy chromosomes through denaturing the DNA in the sperm with ultraviolet light. We
used Israeli carp ( Cvprinus carpio Var ,) males for the sperm donors because the sperm size is similar.
and any chromosomal material not destroyed by the ultraviolet irradiation will produce a lethal hybrid.
Adult fish of both species were injected with hormones to stimulate the development of eggs and sperm.

The sperm was diluted approximately I to 4 with Hank’s balanced salt solution without
bicarbonate, Thin layers of this solution in uncovered petri dishes were irradiated for 10 mm under a
ultraviolet lamp (2500 nanometers in wavelength) while being kept in motion by a mechanical oscillator.
Grass carp eggs were hand-stripped into pans and weighed. and samples were taken to determine egg
numbers. Eggs were then fertilized with irradiated sperm and placed in hatching pots. Hatching began
after about 27 hr at 25°C (77° F). Newly hatched diploid fry swam upward . were carr ied through the
overflow drain, and were collected in small trough baskets. Haploid and hybrid fry normally remained
in the hatching pot (deformed and less active). Diploid fry have the normal number of chromosomes
(same as the mother), probably through retention ofthe second polar body during meiosis. Only a small

percentage of the eggs developed into diploid fry (from 0 to 3.6 percent). The majority of fry were
hap loids having only half the normal chromosomes. The haploids and the few hybrids produced died
within 24 hr. The diploids develop as normal, all-female grass carp.

Another approach to producing monosex grass carp, st ill in experimental stages , has been that of

sex reversal. Diploid fry were fed male sex hormones (methyltestosterone ) at various concentrations and
durat ions, Any fish changed to functional males (phenotyp ic) while still ha~ ing only fema le sex

chromosomes (genotypic) could be mated with normal females to produce all-female ofl’spring w ithout
the reduced survival found with gynogenesis.

* I’ isheric’. Biok g is t (Resear~b). I’ . 5 , Fish and Wil dlife Service . I’ish I- -drilling I sperinlenICIl Si,iiion, SiiiiIc’:irt, ~~rl.an~~,is
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NEW TECHNIQUES AND FACILITIES

Fry-Rearing Boxes

In previous years. newly hatched fry were collected as they moved out of hatching pots and
transported to baskets of saran cloth set up in hatchery troughs. The troughs were equipped w ith paddle
w heels and agitators for aeration, The fry were maintained in these baskets for 5 to 7 days before being
transported to ponds and were fed egg yolk , brine shrimp, and zooplankton. Considerable manpower
was needed for feeding fry and keep ing baskets clean. With reconstruction of our wet lab facilities prior
to the 1976 spawning season and allocation of troughs to other projects, it became obvious that there
would not be enough facilities or manpower to treat the anticipated number of fry in the usual manner .
Therefore , we attempted to find a technique for moving the newly hatched fry directly to the ponds, but
w ith protection from predation.

Several rear ing boxes were constructed and placed in ponds for this purpose. They consisted of an
inner section enclosed by saran cloth and outer sections on either side having wire-screened ends
(Figure I). Fry are introduced into the center section where they feed on small zooplankton entering
through the saran cloth. After 5 to 7 days, the fry actively sw im to the water surface and over walls to one
of the outer sect ions. Here, they feed on larger zooplankton . st ill protected from most predators , and
eventually sw im through the wire mesh into the pond itself, About 3200 fry were placed in one of the
boxes , and all had left the center section by 6 days and the outer sections by 2 weeks.
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I’ ~ure I 5. box b r  short-te rm rearing of grass carp fry
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Hatching Pots and Other Facilities
i’he number of hatching pots in use during the 1975 spawning season totaled 10, An additional 14

tan ks were purchased early in 1976 in anticipat ion of the greatl~’ increased numbers of eggs to he taken
dur ing the 1976 spawning season , A hatchery room was set up with 17 fiberg lass pots . s~ater supp lies .
troughs , and baskets for co llecting t ry , Six pots were retained in the original location and one pot ~ as
kept as a spare. One end of the hatchery room was set up as laboratory space with the ultraviolci lamps.
mechanical shaker , t imer, sca les for weighing egg totals and samp les . refr igerator for storing hormones ,
irradiated sperm, and various supp lies, and a work area b r  egg lert i litation,

The vats used for holdingadult grass carp and Israeli carp were set up in orderly sequences s~ ith ness

water supplies, standpipes, screens , and heavy-duty covers w ith tie-down devices to maInta i n  the f ish
w ith minimum losses through escapements or injuries.

Standardized Hormone Treatments of Brood Stock

Considerable variation of the types, levels , and t iming of hormone injections has occurred in
prev ious years and by other researchers. Careful testing at the end of the 1975 spawning season and
evaluat ion of prev ious procedures resulted in a standardized procedure being used in 1976, With this
procedure, we injected twice the number of fish as in 1975 and produced five times the number of eggs.
The procedure is as follows:

Day 1: Female grass carp are seined up in the morning (ca. 8a.m.), placed in a hauling vnit with an
anesthet ic (quinaldine), and transporte d to the holding vats. The fish are individually weighed and
injected intramuscularly w ith 200 I U of human chorionic gonadotrop in ( 1-ICG) per pound of body
weight and placed in covered vats. About 12 hr later (Ca. 8 p.m.). t he females are again injected with
HCG at the rate of 800 lU per pound of body weight.
Day 2: Male Israeli carp are seined up in the afternoon and injected interperitoneally with a
solut ion of 0.2mg of carp pituitary gland per pound of body weight. At about 8 p.m. (24 hr after last
HCG injection), the grass carp females are injected with 5 mg of carp pituitary per pound of body
weight. This amount can be reduced to about 3 mg during the peak of the spawning season ,
Day 3: Fish are ready to spawn in the early morning with the exact time influenced by the sk ater
temperature. Water at 25.5°C (78° F) results in ovulation about 12 hr after the last injection, and
cooler water delays ovulation.

1976 SPA WNING SEASON

Examination of “Sex -Reversal” Fish
Gynogenet ic grass carp fed met hvl testosterone during Fiscal Years 1973 and 1974 were mai ntained

in ponds and fed catfish pellets to speed the time of maturation. Eleven fish fed the male hormone and
nine control fish from the 1973 year c lass reached maturity in June 1976 . All fish were females indicating
that the hormone levels fed and ,

-

-

’ or t ime period involved in feeding were insufficient to cause sex
reversa l. Attempts to determine the sexes of 14 fish from the 1974 year class were made using an
acetocarm ine technique. A few of the immature fish were positively identified as females, hut t he sex of
most of the fish could not be distinguished. Several hundred fish from this year ’s class shou ld reach
matur ity in June 1977 , and the effectiveness of additional hormone levels and feeding durations ill he
eva luated.
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Production of Monose x Grass Carp
Approx imately 70 adult female grass carp were acquired from outside sources to supp lement the

brood stock remaining from other years. All adult fish were routinely bed catf ish pellets to improve their
phys ical condition for the 1976 spawning season.

Spawn ing procedures to produce monosex grass carp began ofl 24 May 1976 . about 2 weeks later
t han planned due to delas s in finishing water supp lies and holding facilities. l)uring the period ob May
26 to June 28. 1 15 adult grass carp fema les were injected with hormones and 88 females produced eggs.
This was about tw ice the number of females successfull~ spawned in other years and a slight increase in
the percentage of fish that spawned to numbers injected with hormones,

Near ly 47 million eggs were collected or about five times those taken previously. No special
problems were encountered in the collection and irradiation of Israeli carp milt used in the gvnogenetic
process. However , only 3245 diplo id (normal females) fry were produced Irom the 47 million eggs. or
about 1 10 the number produced in 1975 (l’ab le I), ‘[his low success can he attr ibuted to poor water
conditions related to the recently installed pipelines. 1~arge egg takes were k illed owing to such problems
as insufficient water flows, air locks causing water stoppage. extreme temperature changes . extreme
turb idity. low oxygen levels, and poss ible gas problems in the water , By the time most of these problems
were corrected through pipeline repairs . pump replacements . and aeration head boxes , the main
spawn ing season had passed. Figures 2-9 show the general procedures . setup, and equipment for
spawn ing monosex grass carp.

Table I
Production of (~yn og enetic (.rass (‘ arp

V ear No. of Eggs No. of l)i plo ids ‘~ieId , (7(

197 2 40.000 34 0,08

1973 75.000 I31 0.18

1974 2.000.000 ~,Y’ I 1) 5(1

1975 9, 128 .00() I s41) (( 35
1976 46.934.000 (1 ,006*

* Fr ~ surs isa ls greatl~ reduced o~~ing to ‘~ .I t e r  qu.ilIt\ ,tiid quantit \ -

SURVIVAL OF MONOSEX GRASS CARP
IN 0.1-HA PONDS

Six 0,1-ha ponds were used to rear the 1975 t r~ to t he f ingerling stage. I hree of the ponds had
abundant vegetat ion prior to filling with water ss ith the idea of pros ding cos er  for the br~ - The other
three ponds had essentiall y no vegetative growth. 1- ise of the ponds . three ss ith sege tat ion and t~~o
w ithout , were f illed with water a week or more he bor et heb is h s~ereadded , I hestx th pond s~as billed ~ ith
water 2 days before fish were added, All pond surface s ssc re treated with diesel fu el prior to fr y stocking
to reduce air-breathing. aquatic predators . Results are shown in table 2 ‘1 he ss ide sa riat i on in stocking
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Figure 2. Collecting sperm from Israeli carp mate
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Figure 3. Cottecting eggs from gras s carp Iem.i le
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Figure 5, Original haichiflg poi Sri up ~ iih si S p015 . head
troug h. and colle i ing I rilugh’ and ha~k I t s

182

rifn-ir~~ ~1n r.~rni*j—r ur~w~ 
— 

-‘



r 
‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘

_

,
4

~~~~~~~

Figure 6. New hatching area w ith 17 hatching pots . 2 head
troughs, and collecting troughs and baskets
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Figure 7 I ahorator~ area containing ultras inlet lamp and
shaker, timer. sca les or determining egg ~ cighis and sampling.
rctrigerat ion or irr,idiated sperm. hormone slor.tgC . and s ork

spice I or egg lert i l / ,11 o n
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Figure 8 Haploid Ir~ s howing deformed ~olk material. Irs
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F igure 9 Saran baske ts in hatchery trough compartment used
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Table 2
Survival of Mono sex Crass Carp in 0.1-ha Ponds from Fr~ to I.arge Fingerling

Stages L~nder Var ious Pond (‘ond itions and Stocking Dens ities

Initial Pond No. of Fry Duration No. of Fingerling Percent
Pond Condition Stocked days Removed Survival

A Weedy, filled early 134 309 51 38.1
B Weedy. billed early 10 ,000 305 24 1 2 24 . 1
C Weedy , filled early 9.000 300 2857 3 1 ,7
D No weeds , filled early 3,278 299 880 26.9
E No weeds , filled early 5,000 290 1146 22,9
F No weeds , newly filled 4,475 287 2695 60.2

rates plus lack of duplications makes these results only observations. However , much better surv ival
occurred in the pond filled shortly before f ish stocking. The better survival was probahI~ due to the s ize
of zoop lankton available to the fry for food. Vegetation in the ponds did not improve fish survival and
resulted in low oxygen levels , due to decay of vegetat ion and difficulty in harvesting the fish. Stocking
dens ities of the levels used did not affect survival , However , those ponds w ith heavier fish loads had
reduced fish growth.

FISH FOR THE LARGE -SCALE FIELD TEST IN FLORIDA

Our poor success plus the changing policies in Florida have changed our emp has is to one of rearing
the 10-15 ,000 fingerlings from previous years to as large a size as poss!hle to escape predators and to
stock them in the Lake Conway system. probably in February 1977 . These fish have been stocked into
0.4-ha ponds at the rate of 1500 fish per pond and have been well fed to increase gro~ t h. Table 3 lists the
groups and gives the estimated weights and lengths in October 1976 . Cooler water temperatures w ill
probably prohibit major growth increases between now and February. but the fish will he fed
throughout the fall and winter to obtain any growth poss ible. In addition to the fish listed, an unknovl n
number of survivors from the 1976-year class , est imated to he about 80 cm long, will he asa ilahle ,
Severa l hu~.dred fish from the 1974-year class , used in sex-resersal exper ’ ments . would he available in
late Max’ should they prove to be all females.

Table 3
Monosex Crass Carp Available for Lake Conway Project

October 1976

Est imated Wei ght Est imated Length
Pond(s) No. of Fish Age , years g cm

E-7 1 500 2 - l - 2  520 33
F-I . E-4 3000 I-I 2 227 25
E-6. E-8 3000 I-I 2 175 22
F-2 . F-S 3000 I-I 2 125 19 
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MARKING OF GRASS CARP

A reliable, eas ily detected method for identification of individual fish would be highly desirable for
the Lake Conway field test; fish movement between various bodies of water could be determined , and
fish within or outside the study area could be identified as to original source. T’he use ol’ s ilver nitrate
app licators for marking catfish has produced excellent results at this laboratory in terms of retention.
flexibility, readability, and low cost. However , th is technique has not been thoroughly tested with scaled
fishes. Test irg has begun on marking white amur with silver nitrate with the h ope that a reliable
technique can be developed before a planned plant ing date of February 1977. Three additional
techniques will be tested along with silver nitrate as “backup” methods in case the silver nitrate method
does not prove reliable with scaled fish. These techniques are: (I) the Floy vinyl tag applied to the gill
opercu lum or under the dorsal fin; (2) a mt tal (monel) band clipped to the operculum. jaw . or base of
fins; and (3) injected pigments.

Preliminary results are as follows: Silver nitrate appears to have good mark retention so far.
However , raw areas formed are possible sources for infection and discrete figures poss ible with catfish
would appear poss ible only with very large fish. Possible solutions may be to identify the fish according
to the location of the mark (i .e., planting site one equals mark on left side ahead of the dorsal fin. etc.).
and to use a dip treatment (terramyc in, furacin. formalin, etc.) on the fish after marking. The Floy tag
appears unsuitable for this study where all fish need to retain the marks. Three of seven fish fagged under
the dorsal fin had lost the tag by 2 days. The operculum area might give better retention, but a techn ique
has not been worked out to rapidly insert the tag without injuring the fish. The monal tags on the
operculums had better retention with 2 of II tags being lost within 24 hr. Fifty percent of jaw tags and
100 percent of fin tags (dorsal and pectora l fins) were lost , w ith some damage to the fins. The nature of
the applicator pliers enables only larger fish (. 8 in.) to be tagged without possible operculum and gill
damage. Additional problems could result from irritation of the gills by the tag or the effects of rapid fish
growth on the small tag.

The technique for injecting pigments into the fish at specific locations using a jet innoculator has
been successfully used with striped bass and a few ot her scaled fish species. An innoculator and a supply
of the dye giving the best retention time in other species (National Fast Blue S GX M) have been ordered
for some time and testing will begin as soon as they arrive.

As a sideline, we have been working with a biologist from the FWS Fish Pesticide Laborator~ on

electropheretic patterns of white amur from various sources. We may be able to identify fish from our
laboratory through blood samples should conventional identification techniques fail.
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RESPO NSE OF H YDRILLA TO VAR I O US H ER BK iDE S

hv

L. V . Guerra *

INTRODUC TION

Hydrilla , Hvdrilla ver ticillata Roy le. was f’irst found in 1970 at the Reflection Pool within the

Houston Zoo. It has spread at an alarming rate throughout southern-coasta l and northern parts of the

state (d istribution map. Figure I). Its habitat has been established in the neotrop ical waters of Texas and
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the slightl y ac id waters of the deep pine~ ~ oods of texa s.
Ihe plant, because tub tremendous adaptahilit~ . fragment ing nature , and asexual and tuhet

reproduct ise means , has spread throughout the state. It is esen found in constant-temperature sp lung-
fe d lakes where tubers are produced throughout the sea r.

The rapid spread of this plant has caused considerable concern in the state. Var ious means stere
found to make the public aware of ’ thedangersand potent ial of hydrilla spreading. Signs are painted and
erected and buoys placed in the vicinity of hydrilla beds, (‘irculars were also sent to all the state ’s license
dealers and sport ing goods stores. We even had a lass passed . House Hill 1278 . that proh ibited the
possession , sale, trade, and transfe r of noxious aquatic plants . A I-I 2-m m TV spot announcement was
also prepared and released to 25 TV stations. It has been estimated that over 30 million people have seen
t his spot announcement. All of these affirmative actions have been of great value, as mans’ peop le have
been aware of the hydrilla problems.

Lake Livingston is the first major lake where hydr illa has been found, Ihis lake is the source of
water supply f’or domest ic, municipal, and industrial use by the city of Houston .

RESEARCH WORK TO DATE

The primary purpose of this short-term research work ‘~‘~as to test and esa luate four promising
granulated herbicides and the most promising liquid herbicides in aqueous and inverted solutions. The
information being sought was to rate and rank the granulated herbicides for total effectis’eness . and
eva luate the liquid herbicides in its various combinations and compare liquid versus inverted solutions ,
There was a slight problem w ith the application of the granular materials: some were “dusty ” and some
too large. What faults they might have had were made up by the effecti seness of their action. l’ahle I
shows the relat ive progressive eradication of the hydrilla. Application work is relatively eai.~ if you hase
the proper equipment and enough support.

The application of liquid herbicides was another matter. It was difficult to keep the various hoses in
an exact place. The aqueous solutions did not present any problems, but inverted formulations did not .
in sp ite of real knowledgeable help, perform as they should. It is apparent that inverting herbicides is a
difficult problem that has many variable factors , such as water temperature. mixed ratios, pump
per formance, and delivery volume.

Part of this work involved measurements into the gradual progress ive plant deterioration. This is of
importance because the relative efficacy of each herbicide has to be known. This information is of vital
interest if a programmed hydrilla eradication or control measures are to he carried out. Chemical
analyses for water quality were conducted during this period to determine if zero oxygen content was
obtained, or any other water condition that would prove detr imental to our freshwater fisheries
program. It was found that clear half-acre test plots are an attractant to fish. Fishermen were quick to
rea lize this facet of our program. Some of our biggest cr itics are now our biggest supporter s .

A change had to be made in our measuring equipment : electronic means did not perform very well
due to compacted plants and shallow-water levels. A simple measuring des’ice was constructed to make
these differential readings; the readings proved to be ver exact. The sudden effecti s ene ss of ’ these
granular herbicides can be seen in Plots I, 2. 3. and 4 (Figures 2-5). A compos ite drawing ( Figure 6) of

the monthly averages of all the test plots treated with granular materia ls is compared for relati se
effect iveness with the averages for all the liquid formulations. This principal representation encapsu lates
the whole year ’s wor k as it relates to the herbicidal activity of the various tested compounds.
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‘ pon a c loser examination, we might assume t hat dropping over 80 perceni of hydrilla in 60 days
could present adverse water-quality conditions, but none were observed. Over 90 percent plant
destruction was obta ined in 90 days, and even higher percentages ranging from 96.5 to tOO percent were
susta ined for 210 days. The overall yearly average was approximately 85 percent.

A super imposed graph of liquid formulations , both inverted and in aqueous solutions , is also to be
found in Figure 6. It was found that liquid formulations were slower to react. It took over 150 days to
obtain an over 80 percent plant kill, and then it lasted for only 1 20 days. The overall yearl y average was

slight ly below 60 percent. In this work , liquid formulations did not perform too well. There now exists a
quest ion as to why slower react ions took place. One possible answer is the acidity of the water and the
temperature that ensued dur ing the cooler months of the year.

Another factor to he considered is the possibility of overtreat ment with the granular herbicides.
I’his avenue of research will he pursued at a later date.

‘\ tuber study, its re lative occurrence and production. was a lso undertaken with the study. Several
signif icant facts are c lear l~ demonstrated. Figure 7a shows that tubers in east Texas are not produced
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until December and reach their production peak in January. We t hen have a gradual decline, and
another peak of ’ lesser intensity is prominent in April. We then go into another production decl ine until
June. In July. a last lesser peak is obta ined, t hen a decline, Production peaks can he correlated with the
plants’ growth and product ion cycles. ‘l’he January peak is due to cold water and air temperatures. 1 he
plants have flowered in September and October and a senescent period is reached. [he lesser production
of tubers in February and March verifies this fact. Spring temperatures arrive in late March and April
and again a peak is reached in tuber production, wh ich is not necessaril y correlated w ith plant growth
above the water ’s surface. It can be assumed that the plants’ growth at this t ime is in a lateral direction.
Anot her period of lesser tuber production takes place in May and June. ‘[he last tuber pea k occurs in
Jul y, and from an exam ination of the depth at which the tubers were collected and their size, it can he
surmised that they came from young plants . It is apparent that these young plants arose from aer ial
tubers and plant fragments that grew in May and June.

There is considerable supposition in these theories. There has to be. w hen tests are conducted awa y
from the laboratory. ‘I’he growt h curves for tubers from control plots (Figure 7h) seem to verify the
theor ies behind tuber production in the treated plots. l’his simp le illustration in relatis e numbers of
tubers comp letely cont’irms the theory of the effect of chemical stress upon the hydr illa plant. It also
conf irms the fact that hydr illa is extremel y and rap idly adaptive to all sorts of conditions , in both water
and so il.

CONCLUSIONS

Based on the results of the tests , it is concluded that:
a. Hydrilla can be treated with various herbicides to achieve the desired results.
b. The treatment of hydrilla can be programmed to treat large areas and have them ready for peak

recreat ional usage.
c. The ever-decreasing number of tubers from the plants indicates that feasibile control measures

can be implemented.
d. Although granular herbicides have done a tremendous job . the poss ibility of chemical

overtreatment ex ists.
e. Control measures as developed in this research project can prevent the wide dispersal of hvdrilla

in Texas when less than 2000 acres exist.

f. The possibility of a soil treatment when the plants have been destroyed or beginning to come up
should be investigated.
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UPTAKE AND METABO L ISM OF DIM F:THY L AM INE SALT
OF 2,4-D BY FISH

by

H. C. Sikka *

INTRODUCTION

[he dimethylamine (DMA) salt of 2,4-d ichlorop henoxylacet ic acid (2 ,4’D) is used extensively for
control ling aquatic plants suc h as waterhyacinth and Eurasian watermilfoil. This formulation of the
herbicide is relatively nontoxic to tish~ the 96-hr TLs1, values for bluegills ( Lepomis ntacr to ’h i r us) and
channel cat f ish( I c ia/ urus p unc ’tatus) are 160 and 125 ppm , respect ivel y. i A knowled ge of thedegree of
accumulat ion of this herbicide by f ish is important if they are to be used for human consumption. ‘I he
herbicide, if accumulated by fish, may undergo metabol ic transformation. The nature of these
metabo lites must be known in order to assess their possibile toxicity to fish and man.

Present ly, very little information is available on the uptake and metabolism of 2.4-I) by fish.
Rodgers and Stalling2 stud ied the uptake and elimination of the ‘4C- labelled butoxyethanol ester of the
herbicide in three species of fish, They reported that the maximum residue concentrations were in the
fish within I to 2 hr of exposure. Schultz ’ exam ined the uptake and distribution of 14C-Iabelled 2.4-D bc.
three species of fish. In these studies, the fish were exposed to the herbicide in plast ic pools containing
water and a layer of soil at the bottom. The concentration of 14C residues in the edible portion of the fish
cont inued to increase up to 84 days after treatment , but the actual 2,4-D content was negligible .
indicating that most of the i4C res idue was a metabolite(s) of 2,4-D , Because of t he way the experiment
was designed, it is not possible to assess the role of fish in metabolizing the herbicide. Since 2.4-D is
readily degraded by microorganisms ,3 it is not clear whether the fish actually metabo lized the herbicide
or if 2,4-D metabolites were first produced by microorganisms in the water ~nd sed iment in the pools
and subsequently taken up by fish. In order to assess the ability of fish to metabolize 2.4-D. we stud ied
uptake and metabo lism of DMA-2,4-D by bluegills and channel catfish under conditions where
microbial degradation of the herbicide in water was minimal.

MATERIAL AND METHODS

Chemicals

i4C uniformly ring-labelled 2.4-dichlorophenoxyacetic acid dimethylamine salt (DM A-2.4- I)) with
a specific act ivity of 5.38 mCi: mM was purchased from California Bionuclear Corp.. Sun Valley .
Cal ifornia. This material was judged radiochemically pure by thin-layer chromatograp hy in so lsent
systems cons isting of chloroform and chloroform:methano l ( 1 : 1 v v), Nonradioactive DM A- 2 .4-I) v,as

provided by Amchem Products, Inc., Ambler, Pennsylvania.

Uptake of 14C-DMA-2,4-D
The f ish (3-4 in. long) were obtained from the National Fish Hatcher~’, Orangehurg. South
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Carolina. They were acclimated to laboratory conditions for 2 weeks before being exposed to 2,4-D. The
fish were introduced into fresh springwater containing 2 ppm of i4C..[)MA..2,4..[). Each liter of water
conta ined two fish and was continuously bubbled w ith air during the exposure of the fish to the
herbicide. Appropriate controls without fish were also included in the study. Two fish were removed
from the treated water 8 hr, and 1,2,4, 5, and 7 days after treatment , rinsed with clean water three times ,
and weighed. To determine the amount of radioactivity in the whole body, the fish were cut into small
pieces and homogenized with methanol in a Virgis homogenizer. The slurry was shaken for 30 mm and
centr ifuged, and the supernatant was decanted. The residue was reextracted with 80 percent methanol.
After centrifugation, the two extracts were combined, and the amount of 14 C in the pooled extract was
determined by liquid scintillation counting. The amount of ‘~C in the tissue residue was determined by
solubilizing it in NCS tissue solubilizer (Amersham Searle Corp.) for 48 hr at 500 C.~ Glacial acet ic acid
(0.003 ml! ml of solubilizer) was added to the solubilized tissue and the solution was counted for i4C
using scintillation fluid containing Triton X-l0O. The samples were stored overnight at 4°C in the dark
before counting. The radioactivity in the methanol extract and in the tissue residue was combined to
calculate the 4C concentration in the fish.

To determine the distribution of radioactivity in the fish tissues , the fish were removed from the
treated water, rinsed with clean water , and separated into two portions, one containing edible flesh, the
other head and viscera. The amount of radioactivity in the edible flesh was determined using the same
procedure descr ibed for the whole body, while that in the head and viscera portion was measured
following solubilization in NCS tissue solubilizer.

Metabolism of 2 ,4-D
To study the metabolism of 2,4-D by the fish, 30 fish were exposed to 2 ppm of 4C DMA 2,4D .

After 7 days, the fish were removed, rinsed with fresh water , and homogenized with methanol. The
homogenate was filtered, and the residue was then extracted with 80 percent methanol. The extracts
were combined, and the methanol in the extract was removed under vacuum. The remaining aqueous
solution was acidified to a pH of approximately 2 and extracted with chloroform. The chloroform
extracts were combined and the ‘4C in the organic and aqueous phases was determined. The chloroform
extract was concentrated and chromatographed on thin-layer silica gel plates in the following solvent
systems (i) chloroform and (ii) n-chloroform:niethanol (I: I). After drying, the chromatograms were
scanned for detection of radioactivity in a Nuclear-Chicago Actigraph. Authentic 2.4-D was co-
chromatographed for comparison with unknown metabolites in the extract.

RESULTS

Uptake and Distribution of 14C-2,4-D (DMA) by Fish
i. Bluegills: Table I shows the concentration of ‘4C (expressed as 2,4-D equivalent) in edible flesh,

head plus viscera, and total body at various times after exposure to water containing 2 ppm of 2,4-D.
The concentrations of ‘4C-labeled residues reported represent the sum of the radioactivity in the
methanol extract and in the extracted residue. The concentration of t4C in the whole fish reached a
max imum of about I ppm 24 hr after t reatment. Longer exposure up to 7 days did not result in a
significant change in the total t4C concentration. The data showed that the fish removed very small
amounts of 2,4-D from the treated water: less than 0.5 percent of the total amount of the herbicide was
absorbed by the fish during a 7-day exposure. At all sampling times, a major portion of the radioactivity
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Table I
(oncentrat ion (ppm) of i4(’ (2 ,4-D DMA Equ ivalent) in Blueg ills

Exposed to Water (‘onta inin g 2 ppm ‘~C 2,4-D DMA5

Time After Exposure Edible Flesh h ead + Viscera ‘I ’ ota l Body

6 hr 0.07 1 1 ,084 0,528

I day 0.078 2.20 1 0.931

4 d ays 0.114 1.712 (1,868

7 days 0.065 1.501 0.651

14 days 0.096 1.618 0.819

* Two fish anafyzed per time interval.

absorbed by the fish was associated wit h the head plus viscera portion, which accounted for slightly less
than 50 percent of the total fish weight. At all sampling times, less than 5 percent of the total u4c in the
fish was associated with the flesh.

ii . Channel Catfish: The concentration of ‘4C (expressed as 2,4-D equivalent) in catfish exposed
to 2 ppm of ‘~C-2,4-D is shown in Table 2. As in the case of bluegilts, the concentration of radioactivity in
the fish reached an equilibrium within 24 hr after treatment. However , catfish removed a smaller
amount of the herbicide from the water than bluegills. The maximum concentrations of i4C in catfish
and bluegills 24 hr after treatment were 0.20 and 0.93 ppm, respectively.

Table 3 shows the concentration of ‘~C in edible flesh, head plus viscera , and total both’ 2 and 7 days

after exposure to ‘4C-2 ,4-D. As noticed in btuegills, a major portion of the i4C removed by the fish was
associated with the head plus viscera portion. Edible flesh accounted for about 10 percent of the total

‘~C-residue in the fish.

Table 2
Uptake of ‘~C 2,4-D DMA by Catf ish
Exposed to 2 ppm of the Herbicide

Concentration in Whole Body (ppm
— Time After Exposure Expressed as 2,4-D Equivalent)

8 hr 0. 17

I day 0.20
2 days 0.20
3 d ays 0.16

4 days 0.24

5 days 0.25
6 days 0. 18
7 days (1.25
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Table 3
Distribution of i4(’ 2,4-D in (‘atfish
Exposed to 2 ppm of the Herbicide

-

‘ 

i4 (’ Concentration (ppm Expressed
as 2,4-D Equivalent)

Time After Treatment , days Flesh Head + Viscera Whole

2 0.097 0. 25
7 0.064 0.59 0.32

Metabolism of 2,4-D by Bluegi lls and Catfish
In the case of bluegills, methanol extracts of edible flesh and head plus v iscera were analyzed by

thin-layer ch?bmatography to determine the nature of radioactivity, whereas in the case of catfish , the
extracts of the whole fish were analyzed. Thin-layer chromatographic analys is of the extracts from the
blueg ills or catfish exposed to ‘~C-2,4-D for 7 days showed that all the i4C in the methanol extractable
fraction was present as a single compound, which co-chromatographed with authentic ‘4C-2 .4-1) in two

different solvent systems. (Rf 0.04 in chloroform and 0.71 in chloroform-methanol , I :  I .) In contrast to
microorganisms which are known to readily degrade 2,4-D,3 bluegills or catfish do not appear to be
capable of metabolizing the herbicide.

14C-Ana lysis of the
Treated Water Containing Fish

‘[he nature of the ‘4C remaining in the water containing the fish was also determined. After removal
of the fish, the water was acidified to pH 2 with 1 N HCI and extracted twice with ether. The ether
extracts were combined, and the amount of radioactivity in the organic and aqueous phases was

determ ined. The ether extract was concentrated, and aliquots were chromatographed on thin-layer
silica gel plates as descr ibed previously. The results showed that essentially all of the radioactivity in the
water bath ing the fish was extractable with ether. Thin-layer chromatographic analysis of the ether
extract indicated the presence of only one spot with an Rf value corresponding to that of authentic
‘4C-DMA-2 ,4-D.

Metabolism of 2,4-D by Bluegi lls
Following Intra peritoneal Inj ection

On account of low uptake of 2,4-D by bluegills exposed to the herbicide in water , it was decided to
examine the ability of the fish to metabolize 2.4-I,) administered by intraperitoneal injection. ‘4C-I) MA
2,4-I) was dissolved in distilled water , and 50 to 100 Ml of the solution were injected into the peritonea l

Ca’ it i tv , The fish were transferred to fresh water , w hich was periodically monitored for i4C. At the end of
the exper iment , the water was ac idified to pH 2 and extracted with chloroform, and the chloroform and
water phases were counted for radioactivity. The chloroform extract was concentrated and analyzed by
TI.C as described earlier.

It was observed that 2.4- D was rapidly excreted from the fish following intraperitoneal inlect Ion.
About 90 percent of t he initial 14(’ was excreted by the fish within 6 hr of treatment (Table 4). When the
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Table 4
Time (‘our se of ‘4C Excretion Following

Intraperitoneal Injection of “ C
2,4-D DMA

14(’ Excreted
(% of i4(’ Injected )5

LO ppm - 2.5 ppm
Time After Injection , hr Dosage Dosage

0-I 62.4 57.7
1-3 22.1 24.0
3-6 4.2 7.2

Total 88.7 88.9

* Average of two fish.

water was ac idified and extracted with chloroform, essent ially all of the i4 C was present in the
chloroform extract. Thin-layer chromatography of the chloroform extract in two different sol~ent
systems revealed only the presence of 2,4-D.

DISCUSSION

The results of this study show that the uptake of DMA-2,4-D h~ bluegills and channel catfish is very
small , and the herbicide does not bioaccumulate in the fish. The residues of 2,4-D detected in the fish in
the studies are below the established tolerance limit for 2,4-D of 1.0 ppm in fish.’. A low uptake of E)M A-
2,4-D by the fish may be expla ined by the fact that the herbicide in the water was mostly present in an
ionized form, w hich is less likely to partition from water into fish. Similar results have been reported on
the uptake of other water-soluble pesticides and their metabolites.4

’
5

Our f indings demonstrate that the fish were not able to metabolize 2.4-D. In contrast to our results .
Schultz i reported that most of the radioactivity in fish exposed to ‘4C-DMA- 2.4-D was present as
metabol ites of the herbicide. However . his studies did not indicate whether the i4C,,metabol ites detected
in t he fish were produced by the fish themselves or if the 2,4- D was metabolized outside the fish as a
result of microbiological or nonbiological reactions and the metabolites were then absorbed by the fish.
Since 2,4-0 is known to be readily degraded by microorganisms . we specu late that the ‘~C-metabol ites
found in the fish in the studies reported by Schultz i or iginated in the water surrounding the fish as a
result of microbial activity and were subsequently removed by the fish. The results of our studies support
th is speculation . Under t he conditions of our experiments where no degradation of i4C 2,4.i) w a s

observe d in the water , all the radioactivity in the fish was present as the unchanged herbicide.

SUMMARY

Bluegills and channel catfish removed less than 0.5 percent of u4C D MA 2 .44) when exposed in
aquar ia to water containing 2 ppm of the herbicide. The maximum concentration of 2.4-1) in the fish w as
reached within 24 hr of treatment: thereafter , it did not change significantly up to 7 days . Catf ish
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removed a smaller amount of t he herbicide from the water than bluegills. No evidence for

bioaccumulation of 2.4- I) in the f ’ish w as  noted during the duration of the exper iment. A major portion

of the radioactivity absorbed by the fish was associated with the head plus ~isce ra portions with

relat ively low’ concentrations in the edible flesh . ‘I’he fish did not metaholtie 2,4-I) during the 7 da ’.s

follow ing treatment. Bluegills administered u4C D M A2 . 4-0 by intraperitoneal infection excreted 9(1

percent of ’ the herb icide within 6 hr of treatment.
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CHARACTERIZATION AND EVALUATION OF PO LYMERS CONTAINING
HERBICIDES AS P ENDENT SIDE CHA I NS

by

F. W. Harris5

INTRODUCTION

Contro lled-release, herbicide-polymer formulations that extend the control of aquatic weeds have
been developed. ”2 Fenac-polyet hylene and fenac-et hylcellulose formulations hase been developed and
stud ied in this laboratory. Y in these formulations the herbicide is phys ically incorported in a polymeric
matrix and release occurs by diffusion. Although these formulat ions have considerable potential . a
drawbac k to their production and use is the large amount of inert polymer carrier (70-90 percent w w )
that must be employed. The development of new herbicide-polymer formulations that contain a high
percentage of herbicide is highly desirable.

One approac h to obtaining these formulations has been the synthesis of polymers that contain
herbicides as pendent side chains. In the first part of this study, polymers that contain 80-90 percent 2.4-

dichlorophenoxyacet ic acid (2,4-D) or 2-(2,4,5-trichlorophenoxy)prop ionic acid (si lvex) were prepared
from a series of vinyl monomers. The monomers . i.e. viny l 2.4-dichlorophenoxyacetate (Ia). v inyl 2-
(2.4,5-trichlorop henoxy)prop ionate (Ib), 2-acryloyloxyethyl 2.4-dichlorophenoxyacetate (2a). 2-
acry loy loxyethy l 2-(2,4,5-trichlorophenoxy)prop ionate (2b). 2-methacryloyloxvethy l 2-( 2.4.5-
tr ichlorop henoxy)prop ionate (3b), 4-acry loyloxy butyl 2,4-dichlorophenoxyacetate (4a). and 4-
acry loyloxybuty l 2-(2,4,5-trichiorophenoxy)propionate (4b), were poiymerized by bulk-, solution- , and
emuls ion-free-radical techniques ( Figure I). The polymerizations were enhanced by low initiator
concentrations and mild conditions. Polymers 5a-8b have intrinsic viscosities as high as 2.03 and can be
cast into tough, transparent filnis.5 7

The polymer systems were designed so that herbicide release would occur by the slow, sequential
hydrolysis of the herbicide-polymer chemical bonds. In this first series of polymers . the length of the
linkage connecting the herbicide to the polymer bac kbone was varied. It was postulated that increasing
the length of the pendent side chain would enhance the hydrolys is of the herbicide-polymer ester bond,
s ince the bond would he removed from the hydrophobic backbone and less sterically hindered.

In another attempt to vary the rate of hydrolysis. copolymerizations of 2-ac rv loyloxyethy l 2.4-
dichlorophenoxyacetate (2a) and 2-acryloy loxyethyl 2-(2 ,4.5-trich lorophenoxy)prop ionate (2h) with
v inyl monomers that would vary the hydrophilicity of the resulting copolymer bac kbone were carried
out. For examp le, the monomers 2a and 2b were copolymerized with tr imethy lamine methacry limide
(10) and I,l-dimethyl-(2-hydroxypropyl)amine methacry limide (II) . hydroxycthyl acrv late (12). and
acrylic acid (13) (Figure 2). These materials contain functional groups wh ich give the corresponding
copolymers greater hydrophilicity.

The major objectives of this research were : ( i )  to complete our study of the hydrolysis of polymers
conta ining 2.4-1) which was initiated under Contract DACW73-74 -C-000l: (2) to determine the effects
of pH on the polymers’ rates of hydro lysis: (3) to synthesize and polymerize a new series of vinyl

‘\‘.~ocI~itc I’rutessti r. 1)cpartinent of ( ‘hem,~Ir~ . W r,~,’ht St ile I ‘ ,,,tcrs ,t~ . f ) :ivton , i
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monomers conta ining 2.3.6-tr ichlorop henylacetic acid (fenac): and (4) to determine the rates of
hydrolys is of the polymers containing fenac under carefully controlled conditions .

RESULTS AND DISCUSSION

Syntheses of Vinyl Monomers Containing Fenac
The s~ ntheses of five vinyl monomers containing f’enac were carried out. \‘ inyl 2.3.6-

tr ichlorop hen vlacctate ( IS )  was prepared in high yield b~ the mercur ic acetate-su lfuric acid catalyzed .
v inyl-interchange reaction between si n~ t acetate and l’enac ( 14 ) (F igure 3) . Four monomers w ere
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synt hesized by the condensation o vinyl alcohols with fenac in the presence of the dehydrating agent
dicyclohexylcarbodiimide ( Figure 3). Ihus. the react ions of fenac with 2-hvdroxyeth y l acry late (12). 4-
hydroxybutyl acr~ late (16), 4-h~droxv hut ’.l ~iriyl et her ( 17), and 2-hydroxvethyl metha c rvl ate ( I~ )gasc
2-acr~ lov loxyethy l 2.3.6-tr ichlorop henviacetate ( 19) . 4-acrvl oy loxy hutyl 2,3 -trich lorophenylacetate
( 20 ).  4-s iny loxv hutsl 2.3.6-tr ichlorophcnvfacet ate (2 1). and 2-methacry lov loxveth~ I 2.3.6-
tr ichlorophenvlacetate (22 ) . respect ivel~ . I he pur ification of the monomers was difficult because of
their tendency to undergo spontaneous polymer ization.

Polymerization of Vinyl Monomers Containing Fenac
‘rhe polymer ization of vinyl 2.3.6-trich lorop heny lacetate( 14) was carried out by a hulk-free-radical

techn ique (F igure 4). Polymer 23 is soluble in chlorinated hydrocarbon solvents and has an inherent
s iscosity of 0.2 1 .

The polymerization of 4-vinyloxybutvl 2,3,6-tr ichlorop henvlacetate ( 2 1) was attempted by both
so lution- and bulk-tree radical techniques. No polymer , however , could he isolated from the solut ion
polymerizations. l’he bulk polymer izations afforded very low yields (<5 percent) of ’ polymer 24 .

The polymerization of 2-acryloy loxyeth yl 2.3.6-tr ichlorop heny lacetate ( 19) was carried out by
bulk- and solution-free radical methods. In this case , the bulk polymerizations resulted in chloroform-
insoluble, cross- linked gels. The solution polymerizations also yielded a large amount of cross-linked
mater ial and a sery low yield (<8 percent) of soluble polymer.

The bulk polymerization of 4-acry loylo xvbuty l 2.3.6-tr ichIorophen~Iacetate ( 20) afforded a 52
percent yield of the gummy polymer 26. The white polymer has an inherent viscosity of 0.35.

The polymer ization of 2-methacry loy loxyethyl 2.3,6-tr ichlorop henylacetate ( 22) was also carried
out by a bulk-free radical technique. However , the polymer ization gave a very low’ v ield(< l0percent)o f
polymer 27. A summary of the polymerization studies i:~ given in ‘Table I.

Hydrolysis of Polymers Containing 2,4-D at pH 7

Our study of the hydrolys is of poly(viny l 2,4-d ichlorop henoxyacetate) (Sa) pols( 2-
acry loy Ioxyeth~I 2.4-dichlorophenoxyacetate) (6a). an 87: 13 copol~mer of 2-acrylov loxvethvl 2,4-
dichlorop henoxyacetate and tr imethylamine methacrylimide . poly( i-methyl- 2-acry loy loxvethy l 2.4-
dichlorop henoxyacetate). and pofy(4-acry loyloxvhutyl 2.4-d ichlorophenoxyacetate) (8a). w’hich was
initiated under Contract DACW73-74-C-000l , was comp leted. The study was carried out with polymer
samp les that were extracted w ith ethanol to remove unreacted monomers and then ground and sieved to
a part icle size of l25-400M. One-gram replicates were immersed in 300 ml of distilled water (pH 7.0) at
30°C. and the amount of herbicide released f’rom each was determined period ically by
spectrophotometr ic analysis. The amounts shown in Figure 5 are the averages of three replicates. ‘ I he
study was cont inued for 340 days at which time the copolymer samp les had released an average of ’ 23 mg
of 2.4-D . The homopolymers , however, failed to undergo hydrolys is. These results indicate that in order
for a polymer conta ining pendent herbicide substituentsto undergo hydrolys is at 30°C and pH 7. it must
also conta in pendent hydrophilic residues , such as aminimide groups.

Hydrolysis of Polymers
Containing 2,4-D and Fenac at pH 8

A study of the hydrolysis of poly(vinyl 2.3.6-tr ichlorophenylacetate) (23) . poly(vinv l 2.4-
dichlorop henoxyacetate) ( 5a). poly(2-acry loy loxyeth yl 2,4-d ichlorop henoxyacetate )(6a) . and a 75:25
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Table I
Polymerization (‘ onditions for ~‘in~l Monomers (‘ ontaining Fenac

Reaction Reaction
l’emperafure lime Monomer 5 A IBN**

Monomer Method - - (‘ hr 
_________________ 

Results

2 1 Solu t ion ’F 80 1.50 25 0.025 No polymer formed

2 1 Solution 80 3.t)0 25 0.025 No polymer formed

2 1 Bulk 80 2.00 - - 0. 100 < 10 percent soluble
polymer

19 Bulk 75 3.00 - -  0.100 (‘ross-linked gel

19 Bulk 75 1 .00 - - 0. 100 (‘ross-linked gel

19 Solution 75 0.08 25 0.025 ~ 8 percent soluble
polymer

20 Bulk 75 2.00 - - 0.100 52 percent y ield
polymer

22 Bulk 75 0.16 -- 0.100 <10 percent soluble
polymer

* Weight-to-volume percent where applicable.
*5 Azob isisobutyronitrile; concentration weight-to-volume percent for solution met hod and

wei ght-to-we ight percent for bulk method.
+ Benzene solvent.

copolymer of 2-acry loyloxyethy l 2.4-dichlorop henoxvacetate and tr imethvlamine niethacrylimide at

p H 8.08 was carried out. l’he polymers were immersed in a buffer solution contain ing boric acid and
sod ium hydroxide at 30° C. ‘[he amount of herb icide released was determined periodically h~
spectrophotometric analysis. ‘I’he data sho w that only the copolvmer which contains hvdrophtlic
am inimide residues undergoes significant hydrolysis under these conditions (Figure 6) . In fact ,  esen the
rate of hydrolys is for this copolvmer is not significan tly different than that obsers ed at p 11 7 .

Copolymerizat lon Studies
Since the initial release rate studies indicated that in order f’orthe polymers containing herbicides to

undergo hydrolys is they must also contain hvdrophilic subst i tuents . a detailed study of the
copolymerization of the previously prepared monomers was carried out (Figu re 7. I able’ . 2 . 31 I he
hydrop hilic comonomers used were acrylic acid . methacrvl ic acid. N-s ins l-2 -p~rrolidone . and
tr imethy lamine methacryl imide.

‘rhe copol ymerizat ion of vtn~’l 2.4—d ichlorop henox~ac et at e ( Ia) wi t h aci ic .i~ id I I us ing a mole
rat io of Ia: 13 of 80:20 was carried out by both solut ion— and hulk — f ree i adica l t e c h n iqu e ’ .  I he solution
copolymerizations resulted in cross—linked , insoluble gels. I he hulk—It ee- rad ic. il net hid at I ‘; di’d ciii’.’.-

linked polymer and a low yield 1 10 percent ) of c hfc i ro t  orm ‘soluble f )ti l\ ntcr I I able 2 ) .
‘l’he solution—free—radical copolvmcriiat ion of ~— Iic s los I~~~s ct hsl 1’ 4- ~1 i c h I u p l1cu1 xs . iL t.iR ’ u ~,ii

w ith 13 using a mole ratio of 2a: 13 of 80:2)) afforded the cin ptils net ~~J t n t ’  - Ill cl d I he ptil~ mci is
so luble in chlorinated hydrocarbon s o l se n t s  and has iii i nhenct i t  i’.~ ‘. i t s 1 I) ~it l u l l  i.iied m d

elementa l analyses indicate that the copol~ mer cm t i l t  Iii’ I percent .t~ s ftc .tc td
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Table 2
Summar ) of 2,4-Dich loropheno xyacetafe (‘opo lymers: Methods and Results

Monomers Reaction Reaction
(Mole Ratio Method Temperature Time Monomer 55 AIBNt

in Feed) (Solv ent) 5 °(‘ hr % % Results

Ia + 13 Solution 75 0.08 25 0.025 Cross-t inked gel
(80) (20) (Ben/ene)
2a + 13 Solution 75 0.25 25 0.010 63 percent ~‘ie ld
(80) (20) (Benzene)

2a 31 Solution 78 3.00 25 0.013 Quantity y ield
)95) (5) (2-Butanone)

+ 31 Solution 78 3.00 25 0.013 88 percent y ield
(90 ) (10) (2-Butanone)

+ 31 Solution 78 3.00 25 0.0 13 81 percent y ield
(80) ( 20) (2-Butanone)
Ia + 33 Solution 60 38.00 25 0.050 46 percent y ield

(80) (20 ) ( Benzene)
2a + 9 Bulk 72 4.00 - - 0.050 49 percent y ield

(80) (20)

2a + 9 Bulk 76 3.00 - - 0.050 60 percent yield
( 50) (50)

Ia + 31 Solution 60 1.00 25 0.010 Low yield
(80) (20) (Benzene)

* Where applicable.
Wei ght-to-volume percent where applicable.

* Azobisisobutyronitrile: concentration weight-to-volume percent for solution method and w’eight-
to-we ight percent for bulk method.

Vinyl 2,3.6-tr ichlorophenylacetate (14) was copolymerized with 13 using a mole ratio of 14: 13 of
90: 10. The bulk-free-radical polymer izations gave a large amount of cross-linked material and a low’
y ield (<JO percent) of chloroform-soluble polymer.

The solution-free-radical copol ymerization of 2-acryloy loxyethyl 2.4-dichlorophenoxyacetate (2a)
w ith methacrylic acid (31) was carried out using mole ratios of 2a:31 of 95:5 , 90:10, and 80:20. The
copolymers 32a. 32b. and 32c, which were obtained in greater than 80 percent yields. are soluble in
chlor inated hydrocarbons, acetone, and 2-butanone. The copolymers have inherent viscosities of 0.26.
0.14 . and 0.38 dl g. respect ively. Infrared and elemental analyses of 32c indicate that the copolymer
conta ins 20 percent methacry lic acid. Elemental analyses of 32a and 32b were not obtained due to the
fact that the calculated values are nearly identical to those expected for the homopolymer of 2a and.
t herefore , are of little analytical value.

The solution-free-radical copolymerization of vinyl 2,4-dichlorophenoxyacetate ( Ia) and N -vinyl-
2-pyrrolidone (33) with a feed mole ratio of Ia:33 of 80:20 afforded the copolymer 34. The copolymer is
soluble in chlorinated hydrocarbons and hot benzene and has an inherent viscosity of 0.20 dl g. Infrared
and elementa l analyses indicate that the polymer contains 30 percent Ia.
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Table 3
Physical and Spectral l)ata for 2,4-Dichlorop he noxy acetate (‘opo lymers

ir Elemental Anal ysis 55

(‘opolymer (cm” ) (Solvent) ( (1

29 1730 (C 0) 0.70 48.98 3.88 21 (13
— 

2990(COO H) ( I ’CE~ 48 .68 3.95 2 1 .1)3
32a 1730 (C 0) (1.26

(ME K)~~
32h 1730 (C = 0) 0.14
— 

3000(COOH) (Nll’K)

32c 1 740 (C’ = 0) 0.38 49.36 3.99 21)81
3020(COOH) (MEK) 49.42 4.11 20,81

34 1750 (C’ 0) 0.20 51 .23 4.05 24.06 2 (14
(Bz(’l)~ 5(1.87 4.14 24.04 2.12

35a 1750 (C 0) 0.44 49.95 4.40 19.99 1 .97
— 

1580 (N H) (BiCI) 49.82 4.59 19.45 254

35b 1750 (C = 0) 0.20 50.89 4.97 17.91 3.81
1580 (N H) (BiCI) 50.48 4.98 17 .75 3.62

l a + 3 I  17 20 (C = 0)
3000 (COO H)

* Inherent s iscosity (dl g) at 3(1 and 0.5 g dl.
~ Calcd i Found.

+ Sym-tetrach loroethane.
“p 2-hutanone.
~ Chloroheniene.

Two bulk-free-radical copolymer izations of 2a and trimethy lamine methacrylimide (9) using mole
rat ios of 2a:9 of 80:20 and 50:50 were carried out to afford the copolymers 35.~ and 35b in 49 and 60
percent y ields, respect ively. l’he copol~mers are solub le in chlorinated hydrocarbons and acetone an~
have inherent viscosities of 0.44 and 0.20 dlJg. respect ively. Infrared and elemental anal~’ses indicate
that 35a contains 25 percent 9 and 35b contains 35 percent 9.

Hydr olysis of Copo lymers at pH 8

A study of the release rates of the 95:5 . 90:10. and 80:20 copolymers of 2-acrylo~’ loxyethyl 2 ,4-
dichlorop henoxyacetate and met hacry lic acid (32 :1-c ) at pH 8.08 was carried out. The polymers were - ‘

immersed in a boric acid-sodium hydroxide huf~er solut ion at 30°C. and the amount of’ herb icide
release d was determined periodically by spectrop hotometric analysis . ‘[he copolymer 32c containing 20
percent met hacry lic acid released 117 mg of 2.4-D in the first 6 days of - he study. This rap id hydrolysis
was accompan ied by cons iderable swelling of the polymer part icles . w’h ich prevented further
spectroscop ic analys is of the sample solutions. l’he copo lymer 32a containing 5 percent of the
hydrop hilic acid residue released 13.0 mg of herbicide in 78 days . wh ile the copolymer 32h containing It)
percent ac id released 28.7 mg of 2.4- D in 76 days. These accelerated release rates are in sharp contrast to
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that of pol~(2—a c r ~ loy loxyc thv l  2.4—dich lorop hcnox~’acetat e) . which released less than (1.9 nig of 2.4—I )
in 206 days under the same conditions (Figure 8).

.-\ studs of the release rates of the 7(1:3(1 copolvmer of in~’l 2.4—dichlo rop he noxvaceta te and N-
in~ l-2-pv rrolidone (34) at p 11 8.08 was also carr ied out. I he data shown in Figure 9 ~ ere o btained

by emp loying the procedure described above. I he copol~’mer released 3.3 mgof 2.4-I) in I l8d avs . I he
homopol~mer. pol~(s inyl 2.4-dichlorophenoxyacetate). released approximatel y 1 .4 mg of herbicide in
154 days ,)

l’he results of a study of the hydrolys is of the 75:25 and 65:35 copolymers of 2 -ac rv loy loxv et hy l 2 .4-
dichlorophenoxvacetate and trimeth ylamine methacr~’limide at pH 8.08 are show’n in Figure 10 , Ihe
copolvmer 35a contaIning 25 percent of the hydrophilic aminimide residue released S I  mg of herbicide
in 207 days. I’he rate of hydrolysis of this eopolvmer is not significantly different than that observed for
the eopolvmcr containing 13 percent 9. However, the copolymcr 35b containing 35 percent of the
aminimid e release 133.4 mg of 2.4-D in 123 days.

Preparation of Samples for
Prel iminary Field Evaluation

[he syntheses of copolymers 32a . 32b . and 35b were scaled up to provide l0-g samp les for
esaluation in 8-I containers. An additional 770 g of copol~mer 32h were prepared for field testing in
pools.

Fenac acid was also phys ically incorporated in a polyethylene matrix. The formulation , which
contained 20 percent t’enac acid . 8 percent fer ious oxide , and 72 percent high-density polyethylene , was
prepared in the form ofo.5-g pellets. Approximately 900 g (1800 pellets) were sent along ~~ ith the ahose
samp les to the Univers t~ of Southwestern Louisiana for evaluation.

CONCLUSIONS AND RECOMMENDATIONS

V inyl monomers containing fenac can he prepared in reasonable yields. These monomers can he
pol~ meriied by free-radical techniques to afford the corresponding polymers. The pol~’mers ’ viscosities
are not as high as those of polymers prepared from vinyl monomers containing 2.4-I).

Homopolymers conta ining 2.4-D or fenac as pendent subst ituents will not undergo hydrolysis in
water with a pH of 7 or 8 at 30°C. Increasing the length of the pendent side chains does not result in the
hydrolys is of the herbicide-polymer ester bonds.

C’opolymers conta ining 2.4-D or fenac and hydrophilic residues will slowly hydrolyze in water at
3(1 C’ . Increas ing the pH from 7 to 8 does not s ignificantly enhance the rate of hydrolysis. The rate is
dependent on the amount and type of the hydrophilic group used. Carhoxylic acid groups serve as the
most effect ive intramolecular catal yst for the hydrolys is.

Future research should be directed towards the development and evaluation of copol~mers
conta ining herb icides and hydrophilic residues , s ince they appear to have considerable potential as
controlled-re lease agents. i’he results of this study indicate that copolymers can he prepared with release
rates that sa r~ from several weeks to several years.
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DFV E LOr M I Ni’ ANI )  ~;VA L L ATI0N 01” ( ‘ON ’I ’R OI. I .FI )
R Et EA SE I IE RB I ( lI ) ES

(i . ‘\ .Jane s~

INTRODUCTION

I’he research in this studs’ is designed to estah lish eff eeti~ed osages of controlled reIea~c I )iquat. 2.4-
1) acid. Silvex, F’enac acid. F’enuron. and Endothall. Formulations of these ph~ to t oS ie agents were
prepared at 100. 90. 50, 25 percent of their respective maximum loadings in ‘arious elastomerie

bases . I’he initial loss rate analyses indicate the toxica nts are releasing and wi l l  he us able (‘R .‘~~ stem s ,

BACKGROUND

In the past we have shown that the hutoxyethanol ester (if 2 .4-I) could he released ef fe c t i ~eI~ from
e lastomeric compounds. Various pool and small fleld tests followed, wi th the mater ials produced :i~
floaters , sus penders . and sinkers to allow’ for the selective t reatment of the pertinent ph~ to/one,

Discovery of the surprising efficacy of very small dosages in these studies led to the insest igat ion of
chron ic intoxication of aquatic weeds and recognition of the “Chronici ty Phenomenon,”

F’ourteen herbicidal mater ials were examined against eight major water weeds and the chronicit~
phenomenon was found in most , though not all , instances ,

Silvex . I)iquat , and 2.4-D acid showed ab ility to destro~ aquatic weeds at (1 .01 ppm d:i~ to 0.0(1 1
ppm day : these were subsequentl y developed into study compounds . [he compounds were placed in
bioassay , and the results were favorable.

FORMULATIONS

Six controlled release master—batch formulations , includ ing tw o of ’ t he ones pres iousl~ found
effect i~e. were selected. Portions of the master hatch were turned on the rubber mill, and the gisen
herbicide w~is slowly added to t1i~’ point w here no more was acceptable by the formulation. Ibis was
establ ished as the “max imum” loading. In the subsequent millings each master-herbicide combination
was reduced to the selected study levefs.

I’he elastomers osed were hot polymer ized stvrene -hutadiene copo lvmer. cold pol~meriied st\ rene-
hutadiene copol~’tner . natural rubber , synthet ic natural rubber . c is polvhutadiene. and an ethylene-
propylenediene terpo lvmer. The master-batch f ’ormuations are show-n in I’ahle I and I’ahle 2 show s the
maximum loadings found in this compounding study.

‘[he processihi lity varies with each formulation. 2.4—I) acid presents no problem . S i lsex is difTicul t

and tac ks at the maximum loading levels , especially with the synthetic natural rubber base. I he dust
from I)iquat constitutes a hazard to the operator and would require positive o~er—mill scnti lat ion.
1—enur on melts out and a probable loss of 10 to 2(1 percent is apparent. (‘enuron also produce s apors

I’ie.’ ident . ( re. ’t i . ’e lii,iI~ i\  I :ih~irai,irs . inc . Rzii hcit&ii i , ()I.i~
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Table 1
Master Reci pes

Ingredients A- t OO l A-4616 (‘B-220 SN-600 NR X EP (AR

Ameripol 100 1 100.00 -- - - -- - - - -

Amer ipol 4616 - -  100.0 - - - -  - - - -

Amer ipol CB - -  - -  (00 .0 - - - - - -

Synthet ic NR - -  - -  - -  100.0 - -  - -

Natural rubber - - - - - - - - 100.0 - -

EPCAR 5465 - - - - - - - - - - 100.00

ISAF black 15.00 15. 0 - - - - - - - -

HAF black - -  - -  15.0 15.0 ‘5.0 --

SRF black - - -_  - - -- - - 10.00

Zinc oxide 3.00 3.0 3.0 3.0 3.0 3 (X)

Sulfur 2.00 2.0 1.4 2.0 - - 1 .25

Altex 1.75 2.5 - - - - - - - -

Stear ic acid - - 1.5 2.0 0.5 0.5 0.50

NOBS I - -  - -  1.2 - -  - -  --

CBTS - -  - -  - - 2.0 2.0 - -

TMTDS - -  - -  - -  -- 1.0 1 .00

Captax - -  - - - -  --  - -  0.75
Sulfads - - - - - - - - - - 0.75

Table 2
Max~~um Mill Loading (Percent) of Selected Agents

Base Recipe
Agen t A-lOO 1 A -4616 CB-220 SN-600 NRX EPC&R

2,4-I) acid 37.~ 80.0 82,1 57.2 61.2 53.2

Diquat 54 .3 68.6 64 .4 55.5 65.8 73.0

Silvex 80.2 75.2 66.0 47 .4 48.4 49.6

Fenac acid 33.0 66.8 52.2 57 .6 44.4 68.0

Endothall 49.1 47.0 54.7 73.0 45.8 50.()

Feriuron 53.9 57.6 51 2 50.0 57.2 68.5

2 18
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that affect the mucous membranes. Endothall produces heasy vapors and would require positive

~entiIati on . as well as tight—fit t ing saf et ~ goggles for t he operator .

LOSS RATE ANALYSIS

A spect rop hotometric standard curs e was determined for 2,4- I) acid, I)iquat . and Silvex. ‘I’hese
curves are used to establish the loss rate of the agents from each of the polymer bases at the var ious
loading levels. 1.oss rates are measured at both 70 F and 8)) F todeterminethe effect of temperature on
the release rates.

l’ahfe 3 shows the release rate of 2.4-1) acid at 70’ F from the hot and cold pol ymer ized Styrene-
butadiene and the cis pof~hutadiene formulat ions. In each ease the formulations show’ significant CR
eff icacy. By contrast , some of ’ the ear ls data for Diquat show excessivel y high release: consequently .
further refinement in technique is indicated.

Of ’ part icular interest is the release of’essentially all of the 2,4-I) from the highest loading CB rubber
in 1(X) days. A pattern of ’ th is type is of ’ten needed to minimi,.e residual active agent . By work ing with
pellet size , the ppm water of the herbicide could he reduced to essentially zero after 4 months of control
act ivity if this release rate holds up in further testing.

Table 3
2,4-D Acid Loss Percent Analysis at Various 2,4-D Acid Loading Leve ls

700 F DM Water s

Time A-4616 A- I001 CB-220
Days 72.0% 40,0% 20.0% 33.3% 18.5% 9.3% 73.9% 41.ICk

3. 7 6.0 3. 4 6.2 3.8 9 . 5 3.2 6.1
2 6.5 9.0 5.0 8.5 5.2 11 .7 7.2 11 . 5
4-7 10.6 16.5 9.3 14.0 8.4 13. 7 16.6 18.9
9-14 14 ,2 23. 1 13.6 18.9 11 .3 17 .5 25.6 25. 1
15-2 1 16.9 26.8 157 21 .5 13.0 19.3 33.3 30.3

22-28 19.5 30.0 17 .7 24.0 14.5 2 1 . 1  4 1. 8 34 .7
29-35 2 1. 7 32 .4 19. 2 26 . 1 15.8 22. 7 50. 1 38. 2
36.42 24,2 35.2 21.4 28.4 17.3 24.4 55.4 41 .3

43-49 26.5 37 .5 22.9 30.2 18.6 25. 7 6 1.6 44 .3

50-56 28 .5 39.4 24. 1 31 .6 19.6 27.0 66.8 4 1.5
57-63 304 41.4 25.3 33. 1 20.7 28. 1 70.8 48.4
64-70 32.2 42.9 26. 2 34 .2 2 1.6 29.0 75.6 50.4
7 1-77 33.5 44.1 26.9 35.1 22.4 29.7 79.6 52.4

78-84 35. 2 45 .7 27 .8 36 .2 23.3 30.3 83. 4 54.2
85-9 1 36 .9 47 .7 28.7 37 ,2 24 , 1 30.9 86.7 56.2
92-98 38.8 49 .4 29.6 38 .3 25.0 31 . 5 89.0 57.9

99-10 5 40.6 51.0 30.5 39.3 25.8 31.9 90.8 59.7

* Accumulat ive percent loss (time in days),
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BIOASSAY

(‘ontro lled i’elease herbicide dosages Iicccss~ir~ fo r 30— da~ plalil iii iirtali t ’. ‘ail he determined h~
coupling the earlier chronicit studs * wi th t he now know n loss i ate  I or the current tu rniulations . \~ here

loss rates are not as a ifable . hio~ssa~ c~ aluations are pert <irrm.’d at II) ppm .i

I’es ts ar e conducted on replicates of three plants in I —gal aquaria containing Iv . ’  ater and 1(H) gin

standardi,ed soil , (i ro—l ux lighting is used on a 14—hr day . lU—hr night e~cle. Plants are conditioned I i

5 to 7 weeks before the poisoning regime is started. Obser satio ns are ritade for 3)) dii~ or until lOt )

percent mortality.
l’o da te e~aluations against (.‘abomha and milfoil hase shown effe utise (‘R control in a 3U-da~

period by Fenac and Endothall compounds.

SUMMARY

[he combination compounding. loss rate analysis , and bioassay study is aimed at establishing

efiectise treatment levels for (‘R Diqua t. 2,4-I) acid. 1-enuron . and Endothall as wel l as Silsex and
F’enac ac id. Model contro l release formulations arc developed and tested.

i S -\ rms C ‘~irps ut I n~iinecrs coot r~ici t ) \( \\ — 
~‘“ ‘( ‘ -lii i I . ‘‘C ‘hronicit~ SI iud~
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FFF I ( ’A(’Y EVALUATION OF ( :ONTROLLED -R E L EASE HE RB I (’II )E S

by

J. R. Bar ry 5

For controlled-release herbicides to join the arsenal of operational tools that may he used for
combatt ing aquatic weed pests , severa l criteria must be met, ‘I’he chem ical or chemicals along with the
delivery systems must first be safe to man and in harmony with the environment to gain Environmental
Protect ion Agency approval for use. l’he l’ormulat ions must meet certain economic standards in order
that t hey might be used pract ically in aquatic situations. In addition, controlled-release formulations
must be effective in controlling problem aquatic plants.

l’he present contract between t he Corps of Engineers and the University of Southwestern l ouisiana
involves efficacy studies with controlled-release aquatic herbicides. ‘[his report sumtnari,es the work
conducted at the University with controlled-release herbicides through October 20. 1976. At th is point
only pre liminary data are available, and final conclusions must be delayed until the experiment is

comp leted.

CONTROLLED-RELEASE FORMULATIONS

The fo llowing formulat ions were tested in this experiment:
a. CBL#E5 1, a rubber-copper sulfate monohydrate comb ination containing 17. 5 percent C’U+÷

w ith a release life of 5 to 7 months.
b. CBL# I4ACE-B , a rubber-2,4-D combination containing 18. 7 percent . 2.4-I) BEE with a release

life of 2 years .
e . Fenac Wafe r, a polyet hylene-Fenac formulation containing 20 percent Fenac acid. 70 percent

polyethylene, and 8 percent iron oxide.
The CBI,.# E51 and CBL#I4ACE-B formulations were provided by George Janes of Creatise

Biology 1.aboratory at Barberton , Ohio. and the Fenac-polyethy lene formulat ions were obtained from
Frank Harris of Wright State University of Dayton, Ohio.

EXPERiMENTAL DETAILS

The aquatic species included in this study were waterhyacinth (Ek ’hhornia erassipe.s’ (mart.)
Solms - - Laubach), hydrilla (Ht ’drilla verticillata Royle). eger ia ( Egeria densa Planchon). Eurasian
watermi lfoil (M ’i’riophvll u~n spicalurn I..) and coonta il ((‘era iophi ’llum demersum I. .). These species
were chosen because theyare particularly troublesome in Lou ‘i~na and throug hout many other regions

of the South. The four submersed species were established in individual flats containing a medium
cons isting of one-half silt loam soil and one-half coarse sand. Duplicate flats of each species were placed
into the experimental poo 1s , and a dozen healt hy waterh yac inth plants were floated on the pool surfaces.

‘[he exper imental pools were formed by excavat ion and construction of earthern levees. the pools
were approx imately 3 m square and I 2 m deep and were lined with 6-mil black polvet hylene t’ilni. The
pools were filled to a depth of 0.3 m with tap water , and the appropr iate plant species were placed into

• ,‘~ ssoci iic I’ rii lc..oi . I’Iani Indusir~ l)t ’p~tr inwni . I ‘ ni.’ei’siI~ of Siiiiih.’se~icin I outsia na . I .t i. isciic , I o iiisiana
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eac h pool on .Iutv 12 and 13. 1-ac h pool comprised an exper imental  plot contain itig duplic:ite flat s uif the
four submersed aquatic species and 12 f loat in g water hvacinth platits . I rip licatc plots (pools) w c i c
treated w i t h  the 9 t reatii ients listc f in I able I . \ total  of 27 pools ss~ is used for this exper inue i tt .  I he
herbicide t ica iil ients were app lied to the pools on Ju l y 29. 1976.

Vis ual ratings of weed control were recorded oti August 18 . September 19. and October 19 . 1976.
Ratings were based upon a scale u I  ( Ito  1( 1 . where (I represented the most igorous and health~ of the
plant colonies and 1(1 represented comp lete kill of t he weed colony. Both fiats of each species w ere rated
for each pool . and the aserage of the two ratings was recorded . Results of i he I i rs t  tss i i  ra t in gs arc s h o w n

in I’ahle I: ho w e v e r , time did not permit inclusion of the October 19 rat iiqi s in th is  report.

Table I
Evaluations of (‘ontrolled-kelease Herbicides

lb Outdoor Pools , 1976k

Hydri lla Egeria Hyacinth Coontai l Milfoi l
Treatment 55 

- !L~ ~L!~ ~~~ !L!~ ~~~ ~~~ !L~ ~~~ !L~ 
9/ 19

\ uinti ’eate d check 2.67 0.33 5.83 3.67 2.00 1 .33 4.00 0.67 0.33 0.67

14 .‘\(‘F-B at 10 ppm
~ruhher-2 ,4-l) BEE) 2.00 1.67 3.67 3.67 1 .33 2.67 2.25 4.33 5.75 10.00

14 .‘\CE-B at 2)) ppm
(ruhber-2 .4-I) BEE) 2. 17 1.00 5.83 3.67 4,17 4.00 3.50 4.33 6.83 4.67

14 \CE-B at 4(1 pp m
(ruhher-2 ,4-E) BEE) 2.67 3.67 4.67 5.33 5.67 7.0(1 4.17 6.00 6.17 9.00

[S I  at 25 ppm
ruhher-CuS () ( 1 .83 5.33 4.07 7 ,33 4 .67 8.00 7.50 9.33 4.33 5.33

F5 1 at 5)) ppm
(rubher- (’uSO 1 4.33 5.33 6.50 7.67 6.17 7.67 5.83 9.67 6.67 5.00

[SI at 1(1)) ppm
(rubber- CuS() 1 5.5(1 4,67 7.83 7.00 7.33 8.67 8.83 8.33 6 17 5.67

Fenac wafer at 30 ppm
polyethv lene- I-enac ) 1 .83 2.33 4.50 5,33 3.00 5.33 4.67 7.33 5.67 10.00

Fenac wafer at 60 ppm
(polvethvlene-Fenac) 3.67 4.33 6.67 6.67 5.83 8. 67 5 .83 8.67 7.00 10.00

* Ratings based upon a scale of 0— lU where 0 = maximum vigor and JO comp lete weed kill.
** I reatment rates are based upon weight of formulat ion.

RESULTS AND CONCLUSION

I he September 19 ratings show the rubber 2.4— I ) BEE forn iulat ion i~ most act is c on I urasian
watermi ltoi l  wi th moderate herhicidal activity showitig in the coonta il  and wa tc rh~ ac int h coloti iu.’s,

Obse rs-atio ns of plots made on October 19 showed comp lete kifl uI a ll the Eura sian ss ater mil luuil c u u l u u n i e s

at all app lied rates and substantial dati iagc to coontail and w- ater hvacinth colonies it the 40—ppm rate.
Egeria and hvdri lla w er e not adversel~ aIIt ’cle d hs Ihi’ r ob ber 2.4—I )  Iortiin ilation aI t h e October 19

iihsers at ion.
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Ihe rubber—copper sulfate formulation showed the greatest herhicidal ac t is i I\ in colonies of

coontail. ~saterhvacinth . and egeria on the September 19 rating. On the October 19 obsersation ,
coontai l w as essentiall y erad icated and phytotox icit ~ in the w ’aterh vae inth. egeria. and hvdri lla colonies
had increased substantial ly . All species were sensiti ve to the rubber—copp er sulfate formulation at the
rates tested.

In the pools treated .sith the polyethy lene—l ” enac formu lation . Eurasian waterm ilto il was
erad icated from the test pools by the September 19 rating. (‘oontail. waterh acinth. and egeria also
showed moderate to high sensitivity to this treatment. On the October 19 observation, co (intail had been

eradicated from poo1s at both the 30- and 60-ppm rates , and waterhyac inths and egeria w’ere eradicated
at the 60-ppm rate. Hydrilla at this point showed only a moderate sensit ivity to the polyethy lene-Fenac
formulat ion.

[he high levels of ’ herh icidal activity noted both on the September 19 and October 19 observations
indicate that rates tested are above those needed to achieve the “chron icity phenomenon” described by
Janes.5 Analysis of ’ water samp les for herbicide residue levels will indicate the herbicide çxposure levels
at various time stages through the course of this study.

When all the data have been collected and analyzed , the results will serve as a basis for a more

deta iled study during the 1977 season. Emphasis of future work will be placed upon rate refinements of
the formulations tested and evaluation of other controlled-release formulat ions.

.Iancs . ( ieorgc ~. . “(‘hronicit~ Phenuinieiion .” ( ‘u u i i r o/ Iu ’d  R, h’auu ’ / ‘u u uu , i~/u S uui,s ’ uuuuuuu . i ,. ‘u . ’ e rsu t s  I SI. i on , SI.. ’  ii, I liii ,

I’i”4 , pp 14 .1 - 14 . 13
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PRO(;RE SS I N TH E t S F ~ OF PLANT PATHO (;EN S AS
13101.O (; J ( ’ A I .  ( ‘O N TR OL S FOI ~ AQ I ’ A ’I ’I ( ’ W EEI )S

by

R. (‘hat ’udat t an , I - F. f reeman, and K. I’ . ( unw:i\ *

INTRODUCTION

Our resea rch e f fo rl s  have been focused mainly on Eic/ thorniu ’ra.s .sipe..’ ( Marl.) Solms and / I i ’i l r i/ I u
ue r l i u iIIuta Rov le. \1 uc h of our experimental arid field successes have been with waterhyacitith.
(‘urrent lv . we are in a position to recommend the experimental field usc of t w o  f ungal pathogens .
( ( ‘rc - u w f u u  Ira riuth , i anii (‘onway and ‘I u ’repp I uup l iUW ;opia!iwi (Sa ss .)  (jams against waterh~’acinth. 

-l he~e
fuiigi has e pros en e( fec tis e when tested alone or in combination with available inseci biocontrols. We
believe that we have set the stage for the entry of these two nate.’ e pathogens into the wa ter hvac inth
control scene. \Vc suggest that the agencies concerned with aquatic weed control must incorporate plant
patliogens in their contro l strategies. We are cont inuing our search for more pathogens of aquat ic weeds
and better use of existing ones. I’his report also includes summaries of our research findings on a highl~
specific . obligate rust pathogen of waterhv ’ae inth , ( - ~redo eu ’h/norniae Fragoso and Cif ’erri . our
experiments on integrating patliogens and itisects to cot ’itrol waterhvacinth . and pathogens of hvdrilla.

WATERHYACINTH

Cercospora rodman hi
I :ist year l)r . (‘onwa~ reported on this pathogen and on the overall success with this candidate

hiocontro l agent. Sitice his last report , f ir. (‘onvuav fias gathered tiiore f ield data t’rom F’ish Prairie. near

\l icanopv . Florida , w hich h ave confirmed his earlier observations on (a) the patterns of infection cycles
ari d spread of C’ , r uk. I I? iaPl j i . ( h) the type of host daniage. and (c) the effect of C. rodmanii on the decline of
ssaterhvaeinth. Encouraged by (‘onwa v’s results ,’.2,.’ we are currentl y negotiating with Abbott l abs.
\o rth (‘hicago. Illinois , b r  experimental mass—produetioti of ( . rodmani’i noculum for field trials in
early 1977.

Acremon ium zonatum
II ighl~ encouragitig and significant results has e been obtained in our studies on integrated

hiocontrol using ‘I. o,iat wo and .Veo.’’ heiina eu ’hh( ’rmae arid ()r thog a lzwina ierel ’raoti .s . ‘\ survey (if
the I ungal and bacterial flora of waterhvacinth infested wi th  the two arthropod s . .\ . eu h/iorniae(weevil I
and 0. ierehra~,,i,’.’ (mite), was undertaken to determine the role of microorganisms in the decline of thi s
host in F lorida waters . In several sites near I’ort Lauderdale , arthropod—darn aged plants have been
uib ser s ed to come tinder ses crc attacks by parasitic microo rganism s, including .1. :onatmo which
appears ri he roost destructive in south Florida. Svrnpton is of pathogenic infections on these rlants sse ie
eat r i ec iu is is . ,on~ite ring spots . lesions , and water—soaking. especiall y on laininac and petioles damaged

\ s 5 . ’ . T . u . ’ , . ’  I’ru ui c’...’ n. i’r u u lc’.’.u,i iii ! ~“. usiaIu t  R.’. it c h  “..‘ cli i i’ ..’ . uesp. ’ .’ctus ~~Is . l’Iauui i ,itli. ’ .’ i u~ l) p.uui. ’ nci i i . 1 u l l u c I s i t s  ol
I I i i  I I ;uuui . ’,’s ~ IS’ . I
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h~’ larvae of the weevil arid on laniinae damage by the mite. ( )ccasiona l h\ - , rmui - i’ot t i i i g w a s  ihs ii seen . hiti
specific pathogens were not isolated.

Se~ era l plant diseases are transmitted by insects by their mov en ient and or feeding oil plai i ts .

Specib ’icalls . t h is siudy w as  aimed at finding: (a) robe of pathogens in decline of a i i f t i ( i p u ) d —tnt e s ted
waterhvac inths in  Florida: (h) types of pathoget is ins oh ed: Idl rel ationship heiweeii art hi’op .’uds and

pathogens. whether the relationshi p is direct , involving acti ve t ransmissi ui ii of any pathogen. indirect
due to secondar~ invasion of damaged plants by pathogens . uui unrelated, ins olv itig indepe n dent

occurrence of the pathogens : and (d) potent al for  use of an art hropod—pathogen conihinalion t i  cuuil rol
w-aterhyacinth.

Several paras itic fungi. including some know ii pathogens of wate rhvac inth . and st i l l - rot  bacteria
were isolated f rom arthrop od—i nf ested and nonii ibested plants. Higher nunihers of miciooig.iiiisms vs
present on arthropod— infested plants than on iioninfested plants. Ilowev-er . fungi and bacteria occurred

randomly on arthropod—daniaged warerhvac inth. .1. :onatuin was isolated ciu ii sis t en t ly from

arthropod—damaged plants. Significant association betwe en 0. ier e .hraiznt ,s ln iite l and ‘i , :ui?ia(iOit 55 ,15

borne out by stat istical analys is . w hich could he corroborated wit h field ( ihs ersat iu. ’ns. Significant
reduct ion in plant dimensions and in numbers of live leases per plant resulted from the combined attacks
of arthropods and pathogens . Correspond ingly, signif icant increase in the numbers ill dead leases per
arthropod infested-diseased plant was observed, proving the capacity of these hiotic agents in causing
waterhyaeinths to decline.

Transmission of fungi and bacteria In’ the arthru;pod.s . In fahoi’atorv tests amt hropods svc re not
se lective of any fungus or bacterium and no vector relationship w as evident, Surlace—steri liied . crushed

weevils and nonsur1~ce— ster ihized mites yielded 5ev eral tungal colonies t in pola iuu dex lrose agar medium.
1-lowever. only species of C’/ado .s’~wriuin and I’homa pros ed miIdl~ pathogenic to wa terh~ aci nit h in out
tests . .4cremonium :( ‘natuln or C’ . rodmanii were not isolated t roni these arthiropods sampled. None of

the bacter ia isolated were pathogenic to ss a terh~ac intf:  hut combined suspensions iii these bacteria w ere
capab le of soft—rotting potato disc. wh ich iiidicaied tlie~ general ,ihihit~ to rot plant tissues. It .5 likel~
that some of t hese bacteria invade and rot the art hro pod— infesied w ,u tcT  hyaciiit hs under fie ld conditions.

Plantings of ’weev il feces yielded several hundred fungi and bacteri a among which no do m inant fungal or
bacter ial types were observed , indicating the absentee of a specific re lation s h ip hetvs ccii t he w e ev i l  and
any microorganism. None of these microorganisms f rom we e~il fec e s w ere pathogenic to waterhv acinth.

Si ’nerg i.stic e/f ~’eis o/ “A. zonatuni ami lu’ it eevil: I he ef fect  of spra~ ing -I . :onwi,,fl uin

w’ater hyac inths that had been previously fed upon by weevils vs as evaluated iii the gree n house to stu ds if

th is combination would be more effect ive in killing vvaterhyacinth than either of the agent s alone. I lie
fol lowing five treatments were set up, eac h with twel v e washed wat e r hiva e inth s: a I v5cev ils plus -I -

:onalum: (b) weevils alone: (c) .4. uu! i aIup?i alone: (dl control. treated wi th  (( . 7 percent \I~ f at h ion h i d

0.5 percent Benlate: and (e) untreated. 1 reatnients (a)and (h) received 40-48 weevils per treatme n t 3
to 4.0 weevils per plant). Plants in (c ) were untreated. vvhile plants in treatment (d l vvere dipped in
Malat hion. Nine days after arthropod inlestation . treatmen ts (a ) and he) were sprayed w nIt 1 :umwwn

and treatment (b) was sprayed w ith sterile water. ‘I’reatnient (dl w as spra~ed with Benlate. Results vs c . ’ e
recorded over a per iod of 52 days.

Plants with A. :onatum (treatments (a) and (c)) developed characteristic sy n- ‘~tonis of dise ase
w ithin a week after spraying. ‘the degree of’ infection was higher in treatment (a). 1 he insect damage wa s
equa lly severe in treatments (a) and (h). By the 32nd day, the weevil damage w as  so severe that fresh .
healthy waterh va cint h had to he added to t reatment s oi) and (hI. a~ food for the w e e v i l s . By the 52nd

225

.._..._L__

~ 

- -  — -



r 
-

~~~~~~~~

“

~~~~~~~~~~~~~~~~~~~

“

~~~~~~~~~~~~~~~~~~ 

‘

~~~~~~~~~~~~~~~~~~~T~~~~~~~~~

’

~~~~~~~~~~~~~~~~~~~~~~~~~~~

’” ...

da~ . all the original plants had died in treat ment (a ) with no vigil of regrow- rh. I’lants in treatment ( h)
wer e seve rely damaged by the vs ccv ils . hut alive , and in be). moderately iiifected and alive. C ontrol plants
had no -I. :uunatwn infections and were al ive. I his study proved the pote nit ial ef fect i v eness of the w ces il —
.1. :uinatuni combinat ion in the control of waterh ~ acinth. It was evident that the synerg istic ef fects of ‘1 -
:u ’natum and weevil sv’ere m ore stressing on w’aterhyaemnth that the ef feet of either agent alone.

Field observations and our experimental ev idence conf irmed that .4 :umcnuot and u.’the~
microorganisms plased a significant role in the decline of arthropod — infested vvaterhvacm nths in our
samp le s ites . Even though the rates of ’ microbial attacks vvere greater in arthropod-damaged pIanos .
there was a lack of direct relationship between arthropods and the presence of specific fungi and bacteria
isolated . ,‘\round Fort l auderdale where this study w’as done. .4. zonatwn is ubiquitous. . In our tes t s . the
arthropods did not seem necessar y for incidence of pathogens. However , they created ports of entr~ for

pathogens . espec ially for A. zonaiwn . thereb y a iding pathogenic attacks. l)ue to the vs idespread
occurrence of ‘1. :onatwn onarthropod — infested waterh yacinths . and the lack ofpos it ive data. w e could
not prove or rule out transmission of this or other pathogens by the arthropods. Cons idering the above
findings, we recommend that a comb ination of pathogens and arthropods he tried as an integrated
biological control system in south Florida. ‘[he process of ’ pathogen-arthropod interaction occurs
naturally hut is subject to the effects of varying climatic conditions. Hence, it is necessary to time any
fungus app lication or arthropod manipulat ion to enhance the interaction . Select ing and increasing
incidence of virulent pathogens through induced ephiphytotics may hasten th is process wi th definite
results re,noniwn :onalutn would seem one of the ideal candidates (‘or integrated hiocontrol for the
follow ing reasons: (a) It is a frequent fohiar pathogen of waterhyacinth in Florida and the southeastern
United States. (b) It has a limited host range.4 (c) Its spores are bound in a slimy matrix and would he
idea l for dispersal by arthropods.

[he combination of .4. :ona um and arthropods should be more effective when used with natural
infestat ions of the waterlv.”acinth mite. We are currently field testing this combination in Florida. In the
past , the roles of pathogens in control of insect-infested weeds have been overlooked or largely
underrated. The significance of pathogens in augmentingthe effects of the waterhvacinth weevil and the
mite has been evident from this study. As a logical step. the use of other pathogens and insects of

vvaterh vac inth in combinations should he attempted for integrated biological control of waterhvacinth.
A publ ication based on this research has been prepared and will soon he submitted to Weed Science.’

Waterhyacinth Rust
C redo eichhorniae Fragoso and Ciferri . causa l agent of a rust disease on waterh vaci nth. is one of

the newer pathogens that we have begun study ing. This rust has been found in its uredosporic stage in
several locations in Argentina . Uruguay, and southeastern Brazil. hut not in the United States or the
Eastern Hemn isphere.~ 

-

.Si ’rnp tom.s - , h os ,  damage, and seasonal occurren ce of ‘~I. .  eichhorniae.” Rust—infected
w .aterhv ac inths are consp icuous in the field. Pronounced yellowing of leav es along with tvp ical” rusting”
are characteristic symptoms incited by this pathogen. Extensive host damage due to ( ‘. cichlmorniae has
been observed in some locat ions iii Argentina. The occurrence of (‘. eichhorniae in Argentina from July
1975 to June 1976 was monitored monthly at two locations , at (‘ampana (e~i 60km northwest of Buenos

. -\ ires) and at A rroyo Baltazar in Entre Rios province (Ca 50 km north of Campana). ‘I’he former , a
lagoon off  Rio Pari’na is approximately 2 ha in area, vs hile the latter , a wayside overf low from a rivulet,
is about 20(1 ni . At both sites the wa ter hvac inth populations have pers isted for a number of sears.
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‘H I)umi u.’ .’ lIme uuhsi’ ivat iuini . i I peouid rio s pei i i uu tuu  , ,ue c u.i . iii i’ ’ hi ; u dese(uip i.’d .‘.‘n \5 ,itei h i v a c u m u t h i a t  i b i e s e s u i c s ,

l iii.’ t u tu ’  ulas fo und in i t s  um .”d ia l s l ; Ieu ’ throughout the cat in ( anipantu audi , urn .tiul ~ thu u u i u ’ t i  Uui bei

I n ili.’i and -\ pr.’ l t hrough tune ~t i l l )  ,ut -\i I too t Balt.inir .
Re’/unuin ‘I r u . ’!  I,, hI -0 u I ‘ i i i . ’u J ! l  Oi t /,f l Ii’ I en ipe natume.  relati v e humid its - and pi.’e ipit.u t huuii

data lot lt) ”~~Th from a ssea t hem si~u t i u iI . ‘ I  the I uei’/a ‘yu le, ,  \rgeilthna. ca 7(1 e. t u t u . ’  ihe sur s e\  s i t e ’ .

w e recuu i i t p . Led  vy ilhi ii,’.) u, i1’idci.’u.~ I lie utc,de iiu.e ’i ( 1.uufifuu,,’ ,oei.’. vs . usesp ie ’ . sed  in ter ’ imsu i f  numhet u I

I it s i pu st u le’ . on infected lease s , . iv cm ttg ed i t  ni at least (00 e t u v e s  \ t  hoihi s i t e ’ .  cuuuri hined . hug hem

imie,de iuces ol t he I us, ysc re seen in .IuI~ tim id I )~~uni hei ui b (9 ‘
~~ and fl .\prif. \ l .u\  - and t u t u  t i  I.’) 1

I )uiung these months the mean te inpei .t t i i res u v e l e  a, 0 ( d u s t  m d  ~ . I i )nig hu u vs iih absolute

tcin per.it Ures u I  3 04  ( ‘ ki t s  am id 4 0  ( ‘ unghtb. f lue h i g hest lust n.’cidcmiee \5;u ’ .  i e~~~t . ’ t . . ’ I  mu \ t , , ’ lY lu

i . ’ i  huithi s i tes ,ui mean te mperatures u i  19 ( Id.u\ I .oid 0 S t I night b .‘tiud ,uhs uul ute te inpei :ut uii’ cs uil

25 ~ ( t i i u . u s  land It 0 (‘ Imninl. I he rust nmcidcnci.’ ts ,us him or :uhseiui  ni suniinei ev emu mh u uu g h t he inie:oi

.,t. ’d ~hsolute lempei’.itui’e nia\un:i ssetc li st e n t ha iu th utse reco rded in t )ceemhei i I :u ie springi

Relative humud uts ( R I U  in l97~ ’ ( u  rungrd from bS t ,u  5u~ peice nt  24- l i t  m.’.’nihl~ ,i \e i :uec’ .  or th es e

samp le sites . l,oiu.:i~ or the beginning ui summer has ing had t hu.’ humes i RH. t h e  combination tub losser

R h  and higher mean te m peratures in l)eecn ihem and .tanuarr (7(1 and 6~~ pci cciii RH and 3 1 ) 1 )  toni

2~ 2 
(~ tcm perunu re~. respeet i\ c l~ I see med unt :ts orable for the rust . No de l nile relut t iu t n hetss ccii Iuugoe i

levels of preci pitat ion and rust inc idence vv ;, s ev ident esen though higher precipit at i o n lev el s may he

expected ii) f avu u i  the rust throug h aim ole, e,ise in R II -

Ihe Iaei that f i t  / i/ i .t ’ ,uua u ’ .ueeuu r’  unIv in its uredial stage on ssa ter h~ ticintli mh tuiu g hi mi .’ ut 1 the

year points to cv c 1tc nut nrc of its ureduuspoi e ml cet ions . I he predominant so lo dC u mf in.’ ii mlii in ii ir

infect ions vs ould hitis e to he the uredia - \l a sam umn I iieidenee uit  ( - u n  /ml iuu iu ta u ’ .‘ue~ ut ted in \rg e tm t nia in

the fall , under cooler ic t l l pe i  .ii uu l e 5  amid . ‘ u \ e t  .uou RH abo v e ~ peieent . It is :mpp :u ie iu i  that the c limate m

so utheastern t mated ~si :uie’. would be l : ,u i i t : uh e b r  the establ ishnient of this nust iii this c ,u i i t i t is

Lah uu rato r i  t.sj ie r I t .’Wf l ts un ”t , eiclih, : ‘ . “ Results of spor eco l le et i u i i i  ;ind gi. ’tmn ni: itu. ’ it) tesi ’ ..mtld

host inoculat ion toe described below.

a por t ’ u 0I/t ’t ’l i u f l i .  I— ui ,  out e ’.pei i~~~ r , ’ u luu in .  uredospuires uu f the sut u t e l  Ic.’ .u ~ i t t  Li i List \se iu
col lec ted brom f ields it ) - \ t ’ ui m u t t , an d I rugua~ or obtained fru on l i ve .  u ’ u s t — u . ’ : t . u . i e , l  p lt umit s
t ransported to ( iut inesvil le from these - ‘ iii es . I lie lack of ahundamu supp lies t il ute d u us p.’ue s is

present ls a liiniring factor in our uu’ .,,ui ’h. S u u lar . most v ia ble collection s if spuires ~~~ been
obtained from Ires h. f ie ld— t o i le t  - : ,i,uni,s sui t h the tod ol ti ey c hu ine sp ire e uu l l e e i u u i

redospores m ust he obtained Ii u ’n ui ,’ i ni’eu.Iuuso r u .  redia dul ler in age. and not till u t u d u u ’ . u u t  I

on an u.d ected plant t ire ope ii at t he 5~ t i le time W lien im miii tire so ri vs crc f u r  u.’ed ii pen. t ( icy did

ii.’ t e d v iti ble s~t uires ~~ ‘. u.’i open p uist  , t l  us yield only ti urn:.’ II percen m age of tip pa remit Is ri it um e
s potu.’s at ti given rime . us hich Iu.- .t i .  r u t  lots s puure germ inami o mi perc e niuu~ ’. un out te~ms . Imi
addition. ure duis ui ri of ‘. u ’u i I t /u  u t u o n -  t i e  of ten paras itiied Ii\ anoihc i I ungal p:t thiu gen.
flarlut a sp. Such im i f ’ected uredu s u i ’ i is i he avoided ri the collection uil o reu.fo sp u ic ’ .. s t t uc e t hc

pie s et te e of L) a r lmu u ii  ‘ .puoe ’  in mu ted o p t i c  collection s had’ .  l u  puuu t ui no suhseu.ht ient
ger minatiort of .uppai’ent ls te l l  o re et i us pu ires

6 .S’f uur l ’ ,u’.’u ,t uui tulH u i, t t e l l ’ . ’  cs 1 / cit / i/iiir.’nac’ ge rminated ov er  .m us ide u I t ice u I

tem peratures (50 ~~~~~~ ri (lie hti ho ruito iv . s p uu ies  ger m inated readi ls in t H (  1, Ii i~ pe ree mit

nonanol. and (1.05 percen t u.’c t t im iol. (iernumiaiiofl ctoi he sm ’eli us early us ) ’  hr if ct  scu d . ’  ng on m lie
above liquid s . Imiit ia l hydrat ion or leaching ut s p u i . ’ u .’s i t t  24 hr vs ith v s :u t c i  im npr u ived uuih’ .culiiu.’t l t

germination of spores on 5 t h  ci hg. ii

c. h ost m pm i , t ’u/atiuut i - t he  shirt s s urface d sva t e mh sa cini hi  l~ttI does not scum t~i ret : i u u u i t  . . ‘ ‘ u i ’ . p uul u-’.

easi ls’ . espceialls under high hitiniiidii~ . vs hien w a t e r  dm np lets tem id t i  o.o.Ii .ivs .,\ tI. ’ i t i u u L I I I . ’ . ’ 1 l

appl ied to heaves . ‘..‘ iu c king agent s bm imi e m. i l  oils, glscer im ic .  ge la tm ne. timid plton .m~.’ .m u.’ c rc tr ie d
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Best results were obta ined with 10 percent glycer ine , wh ich was sprayed (In leaves prior to
dusting wit h uredospores. High humidity nit leaf surfaces is necessar\ fo r 1- ’. eiehhurniae
intections. Keep ing waterhyac mnth plants covered with clear plastic bags for 2 to 4 days after
inoculation provided high humidity and successful infections . Inoculat ions on waterhyacinth
were accomp lished at 20°C (day) and 8°C’ (night) temperatures. I’lants were maintained in
growth cabinets under 12 hr of ’ light and 1 2 hr of darkness. Successful inf’ect ion and pustule
development were obta ined with an Argentine isolate of (1. eichhorniae on a Florida clone of
waterhyac inth. l’his apparent lack of host resistance suggests that it is possible to establish 1’.
eichhorrnae in Florida. Mr. Darvl McKmnney. a graduafe stu dent under my direction, is
presentl y conduct ing research on this rust pathogen in Gainesville.

HYDRILLA

We have reported earl ier on the occurrence of pathogens and toxic fungi on hydrilla. ’..’. Freeman i uu

is evaluating two pathogenic species of Pht ’top hthora , P. parasi tica and P. er t ’t hro.sepiica and an
unidentified species of Ph.t ’top hthora from Orange [.ake, isolated by Conway. aga inst hvdri lla in
greenhouse tests . McKinney is testing an isolate of Fu.sariu,n roseum from HoI1a~id on hydril la. This
fungus, isolated from dying Stratioie.s aloide.s 1.. (Hydrocharitaceae) plants near Wagen ingen by
Charudattan, is capable of infecting hydrilla. another member of Hydrocharitaceae. but not
waterhyac inth. An isolate of F roseum is known to attack waterhyacinth in Florida .u i Apparent ly . th is
Dutch isolate of F. TOSeU/n is distinct from the Florida isolate. Further tests with this foreign isolate are
planned. Due to limitations in manpower , researc h on hydrilla has been slow. We hope to rectify this
s ituation with the help of Dr. Mike Olexa . who has recentl y joined our program to seek and evaluate
microbial agents capable of controlling hydrilla.

SUMMARY

Two fungal pathogens of waterhyacinth. cercospora ro d,nanii and Acrenm oniup im :onatwn. are

being tested in fields in the southeastern United States as biological controls for waterhyacinth. Of these
the former , C. ro dmanii , is being considered for mass production and experimental mass releases in the
field. Data from these proposed large-scale experimental tests will be used to further assess and possibly
reg ister C. rodmanii as a fungal biocontrol for waterh yac inth. Ac ’re,nonium zonazum . wh ich is capable
of destruct ive damage on waterhyacinth by itself, is also suited for integrated biocontrol of
waterhyacinth in combination with Neoc ’hetina eichhorniae and Orthoga lu~nna zerebra nsis. In south
Florida interaction between these arthropods and A. zonatum occurs naturally, but at t he existing levels
of .4. zonatum infections , such interaction offers limited control ofwaterhyacinth in the field. Induction
of A. zonalum ep iphytot ics on arthropod-damaged waterhyacinths may efficiently control this weed.
Studies on C/ redo eichhorniae , an obligate rust pathogen on waterhyacinth. have suggested this fungus
to be another significant , host-spec ific biocontrol agent against this host.
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PRE L IM I NARY RESULTS OF I NT EG RA ’L ’I NC C H E M I ( ’A ( .  AND
BIOLO G ICAL (‘ONl ’R O I S 10 (‘OMBA ’I ’ WATER H\ ’A ( ’IN ’I fI ~

by

B. I). 1> erkins*

ABSTRACT

Treated (2 ,4— D at 2 lb acre) and untreate d plots of w’aterhvacinth ( Eic/tho rnia c,-assipe .s ( ‘s lat  t i

Sohmns-Laubach) were samp led monthly from Apr il to October 1976 for plant densit y . piupulatiot is u u f

adult weev ils ( .Veocheti,ma eu ’hl,orn:ae Warne r) per plant . amid a~erage number of feedi ng spots per

plant. [he herbicide reduced waterh yac inth abundance and was aided in comp lete elimination of pla t u t s

in the treated plot by weev ils apparentl~ be ing attracted to p~ants reacting to the 2 .4-I ) treatment.

INTRODUCTION

The concept of integrated control is not new: it has been used against insect pest s for many years.
— Its first use against aquatic weeds combined 2.4- D and the alligatorw’eed flea beetle i 4  5’OOI /e.s

hi ’grophila Selman and Vogt ) to control alhigatorweed (.1 hternant ha p / u lo .v’erou/ e.s I Mart) (irish). I he

present study summar izes early findings in our effort to integrate imported insects and chem icals aga mnst

waterhyacinth.
Waterhvacinth ( Lichhornia cra.s-sipes (Mart ) Solms-Lauhach) is generally a mrmore serious pest than

alt igatorwee d. Although 2,4-D in high enough dosage can kill the plant. reg rowth and re inva s ion are

rapid. and the public continues to be concerned eu’.er targe quantivies ol ihi’. chemical comitam - inaling
waterwa ys. Thus , an alternat ive approach. use of no chemical or tow - -dosage of chem ical . is needed. [vs o
weev i ls . Veoc hetina eichhorniae Warner(re leased in 1972) and \‘euuc/ i eti ,ma hruchi Hustache (released in
1 974). have been imported f’rom Argentina for biolog ical control ofwaterh sacm nth. ”. l’he weev ils alone ,
how-ever. may not be able to reduce the abundance ofwaterhvacin th below the economic threshold , timid
add itional control methods - chemical , biological, or other max’ he needed -‘sn integrated approach ,
comb ining the attributes of both chemical and biological control methods , is poss ibly the answ er.
Determination of the effect of the combination of herbicide treatment wi th  use i t t  the weevi l  is necessar y
before a control program ut ilizingthe integrated approach can he des eloped. In the studv reported here.
a combinat ion of 2,4-D and the weev il, ‘s . eichhorn,ae. which is welt  establ ished in field sites in and
around Fort Lauderdale , Florida, was used.

MATERIALS AND METHODS

A waterh yac inth field site was selected which met the criteria of hay m u g (a) an abundance of
uniform-sized waterhyacinth plants. (b) a we ll-established populat ion of the weev i l(  V . ei t -hhorn iac),

(‘uuuuperalis studies of the I - S. I )epartntcnt u i  -\ er ieu lt ure , \g r ie u l t mm r .’ ml Research Seru icc. s iu i uth e rm i Reg iuuim . I l,u- v i m  i t / u’s

\ rc ,u . the I - 
~~. vr ,,,s (‘ uur p u  ol Fmigttieu ’r’.. the Florida Department um ) \ , i t umr al Resoum rcu’’.. Imu’ ( ‘u’ mt tr , i I  ,i mid ‘. . . ‘ u m m l t c m m t  I u u i d . i

I- Iiuu id (‘ om itru i l  Distr ict . ,und the t ’ n i t c r s i t s  il 1-t o r ida v r i u c m m l m u u r u l  I spu’ rummi em it ‘ . i .uiuuu m i ’ .,
“ Research I tim um mtioI u~~u 0 . I ‘. I )e part ment u ii -\ g rue um In lire . -\ gticult oral Reuearclt Sets ice - x u  uuu t hern Region . I t m —  Suit lies

-\mc. ’u . I- u n  t a  uuderdale . I- tuu r m d. ’m -
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and (c) a high level of secur ity front spray operations or public interference . Si.x field plots measuring S

by 8 m we m ’e outlined using mi vlon cord tied to a f loating plastic jug at one corner of each plot and t is

hunched waterhy actn th petio les at each of’ the ot her corner s . t hree plots were t han spra~ed s~iih 2.4 - l )at
2 lb acre equ ivalent , and the other t hree plots were left unsprayed ascontrols. I)ata were taken monthl~ .
Access to the plots vs- as by watershoes (floating pieces of foam plastic w i th  foot holes). Four plants were
se lected randomly ins ide each plot and four plants were selected outside the plot, one from ei~ch side.
Plant s ize and density. number of adult ‘s . eichlwrniue plant , number of feeding s pots leaf , overall
plant cond ition, and other assoc iated organisms were recorded. A square metre measuring tool made
from P’s-’(’ pipe joined at the corners was used to enc lose the plants in determining density . Adult
weev ils , w hich hide during the day at the base of the petioles . were counted and the number was
recorded. An average leaf on each of three plants from each plot was selected, and feeding spots on these
heaves were counted and recorded.

RESULTS AND DISCUSSION

Preliminary results to be presented here consist of average number of ‘s . eichhorni ae feeding
spots leaf , average number of t hese weevils. ’ plant , and average dens ity of plants (p lants m2) inside and
outs ide the plots during the months April through late September 1976. Each figure represents an
average of data from three plots (replicates).

Figures I and 2 indicate plant density as it occurred in the control and treatment plots . respectiv ely.
‘[he density of plants outside the treated plots paralleled t hat inside and outside the control plots. l’he
dens ity of plants decreased markedly from 6 1 to 2 plants m2 inside the treated plots , as would he
expected w ith herbicide application. Interestingly. slight regrowth (up to IS plants m 2) had begun h~
August . but this was heavily attacked by the increasing adult weevil populations . augmenting
destruct ion of these plants.

Figures 3 and 4 indicate the average number of adult weevils plant ofthe control and treated plots.
respect ively. Outs ide and inside the control plots , adult populat ions increased steadily from an av erage
of 0.7 and 1. 7 adults plant, respect ively, to 2.4 and 3.5 adults plant , respect ivel~ - Outside the treated
plots , t he adult population decreased initially from .5 to 0.3 plant. Inside the treated plots the
populat ion initially increased from about 1.2 to 2.5. This indicated movement from outside the plot to
the inside. N umber of feeding spots produced. as indicated below , fo llowed a similar pattern. At this
time, many of the pet ioles inside the treated plot were elongating, a symptom typ ical of sublethal 2.4- I)
treatment. The pale, elongated pet ioles were heavily fed upon by adult ‘s . eu-hhorn iae. ‘Jhe adult
population decreased rap idly and stead ily thereafter in the treated plots as the plants deteriorated and
died, reac hing an average of 0.3 adults ,; plant by mid-September. Commensurate with this decrease , the
weev il population outside the treated plots increased, reac hing a population level of 2 .9 adults plant , a
fi gure compara ble to that of the control plots.

Figures 5 and 6 indicate the feeding spots leaf produced by ,V . eichhorniae outside and inside the
contro l and treated plots , respect ively. Feeding spots outside and inside the control plots increased
stead ily, from I II and 105 feeding spots leat, respect ively. to 202 and 243 feeding spots leaf.
respect ively. Feeding spots increased in the control plots and closely follow-ed increase in adult weevil
populations. In the treated plots , however, t he feeding spots leaf initially decreased sharp ly from 113 to
87 outs ide the plot while increasing from about I lO to  168 insidethe plot. ‘[his may have been caused by
the 2.4-D treated plants becoming attractive to the weevils, poss ibly owing to release of a kai romone
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from grow ing waterhyacinth tissue. 9 This phenomenon of insects being attracted to plants treated with
$ 2 .4-1) has been observed prev iously (in crop plants i and may he a factor that could he manipulated in

biological control of waterhyacinth. Feeding spots inside the treated plots continued lii decrease to a

level of 2h feeding s pots leaf by September . w hile those outside the plots increased to 294 feeding
sp uits leaf , a figure comparable to the control plots in September.

ACKNOWLEDGMENT

Recognition is given to W~ 
(‘. I)urden. Agricultural Research Serv ice technician. I-on l auderdale.

Flor ida. for his assistance in setting up field plots and tak ing and analyzing data.

REFERENCES

I .  ‘s leClanahan. R. J.. “Integrated (‘ontrol of (ireenhouse Pests. ” Biological( ’an. Agric. , Vol 18 . No.
3. 1973 . pp 34-35.

2. Smith. R. F. and Reynolds . H. 1’.. “Princ iples . Def inition, and Scope of Integrated Pest Control .”
Proceeding s . Si ’,nposiu,n on Iniegrated Pest (‘ontrol , Rome , /965, FAO. Roma, Vol I. 1966 . pp
11-1 7.

3. Steiner. H.. “General Techniques of Integration.” Proceedings , Si ’mposium on Integrate d Pesi
Contro l. Rome. 196 5, FAO. Roma, Vol 2. 1966, pp 13- 20.

4. Stern, V . M. et al.. “The Integrated Control Concept ,” ililgardia, Vol 29, 1959. pp 8 1- 10 1.

5. Stern , V . M., “Significance of the Economic Threshold in Integrated Pest Control .” Proceedings ,
St’mposium on Integrated Pest Control. Rwne , /965 . FAO. Roma . Vol 2. 1 966. pp 41-56.

6. Blackburn, R. D. and Durden, W. C.. “Integrated Control of A tligatorweed.” Final Report
submitted to Corps of Engineers. Department of the Army. 1974.

7. Perk ins, B. D., “Release in the United States of Neochetina ek ’hhorniae Warner . an Enemy of
Waterhyacinth.” Proceedings. 26th Annual Meeting, Southern Weed Science Societi ’ (Abstract) .
1973, p 368.

8. Perk ins. B. D. and Maddox , D. M., “Host Specificity of Neochetina bruchi Hustache
(Coleoptera:Curcul ionidae). a Biological Control Agent for Waterhyacinth .” Journal , Aquatic
Plant Managetnent , Vol 14 , 1976 , pp 59-64 ,

9. [)el Fosse. E. S. and Perkins . B. D., “Discovery and Bioassay ofa Kairomone from Waterh yacinth
(in preparation). 1977. Fla. Ent.

tO . Oka. I N .  and Pimentel . D., “Herbicide (2,4-D) Increases Insect and Pathogen Pests on Corn.”
Science , Vol 193, 197€ , pp 239-240.

235

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~

-

~- ~~~... : 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~, -



—

CONTROLLED FIELD TESTS OF SELECTED INSECTS AND PATHO CENS
IN COMBINATI ON ON WATERHYAC I NTHS

by

F. E. Addor *

INTRODUCTION

In May 1975 , the U. S. Army Engineer Waterways Experiment Station (WES) initiated a small-
sca le experiment for biological control of waterhyacinth ( Eichhornia cras.s ’ipe.s (Mart) Solms) with
multi ple agents on Lake Concordia, in Concordia Parish, Louisiana (9O~3I’ longitude . 31°40’ latitude .
approximate ly). Sixty-four floating plot frames were placed on the lake and stocked w ith Young.
vigorous water hyacinth plants collected from the waterhyacinth population that grows naturally near
the margins of this lake, The plots were then anchored at 20-ft intervals on cables stretched between
w idely spaced trees in otherwise open water near the upper end of the lake (Figures I and 2**). The plot
frames are described briefly in Appendix A of this paper.

On 60 of these plots, two insects and two fungi were used as treatment ; 4 plots were used as controls .
Sixteen possible combinations of the insects , fung i, and no treatment (controls) were applied in a 2~
factorial random-block experiment , w ith four replications of each treatment. ’ The random-block design
was der ived from a quasi-latin square (Figure 3).

The two insects used in these tests were ,4rzama densa Walker and Neochetina eichhorniae Warner.
The first is a noctuid moth related to the cutworms and corn borers, native or natura lized in the United
States and specific to plants of the waterhyac inth family ( Pontederiaceae) hut apparently seldom
abundant in any given Iocality.2-

~ l’he second is a weevil introduced from South America and recentl y
re leased in the United States in a few places for field trials, mostly in FIorida.5.~ .Veoehetina 1’ is specific to
water hyac inths both in the adult and larval stages.

The two fungi are a species of Cercospor a , ear lier thought to be C. piarop i ‘l’harp hut now- identified
as C. rodmanii Conway7•

~ and Acremoniu,n zonatu,n (Sawada) Gams. Both fungi are native or
natura lized in the United States; species of C’ercospora are widespread and vary as to host specificity and
pat hogenicity. Earlier observations of C. piaropi on wate rhyacinths suggested limited pathogenicity.
but the isolate now identified as C. rod,nanii appears to be both specific to waterh vacint hs and highly
v irulent on them.~ Aeremonium is apparent ly common on wate i’hvacinths throughout the range Of ’ m hat
plant,9

~iu m It is apparently host-specific to water hyacinths , but its pathogenicity to water livacinths undtr
natural conditions appears to be errat ic.~

rhe rat ionale for using insects and fungi together in this experiment lies in the premise that one or
the other , or bot h, of t he insects will reduce the number of waterhyacinths by direct mechanical
destruction and consumption of the plants and vs- ill enhance the pathogenicity of one or the other , or
both. of ’ t he fungi. Any of three relations may obtain: (a) the insects may stress plants so that they are
more susceptible to infection by the fungi: (b) the insects may transport the spores or mycellia of the

Research I4 ui manm st . -\ qmm atic I’tant Research Branch . Ens mronmemu a l Si. s(e mmis Dms ismomi . SI ohuluts and 1-mis urom u mne m imal Ss smenis
I .ihuur m m or ~. I - S !\rm% I- ngi mmc u r vsaie rwt is s I spe i- mment Stat ion. (‘F . v uc ks hm mr g , S lus s issi p pi ,

‘ \ i mm em ~ -sesen plu ms were actua lly prepared . hut inS t’i4 were mms ed fl the um rugm na l csper i m mi emmt al a rm ,u s I he rcnm. ’ iu m mi mm~ ~ w e r e
anchore d in clusiers in the test a rca: m hc~ are i.hu in mi in I- ig mm re 2 as ‘‘spares “ I hese were stm hseq mie n m is i mirui rpora med u ft  1 m m  he
es pe nu mm ie n i htm l are ot small coflseqimeflc e to the res utts reported in thi s paper ,
In thm s paper , the tes uirganmsm’n s are catted ti~ their generme t’tamnei: tIme species udcn iitic d mm t h us paragraph are im itplme d ,
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l-’igurc 3, Basic piamt hu ir 2~ Iac mo riatqua s i—l at in squareexper iment utah tour reptm eatiu i ns pertream mcnt , adapted i r uuuui (‘uehran and
(,‘uix tar the l ake (‘oneordia esperirnen is

fungi as they move about , on. and through the plants: and (c) the insects may increase the opportunities
for entry of the fungi into the plants ’ t issues through t’eed ing wounds. These particular insects and fung i

were selected f’or the exper iment on the basis of their performance as potential control agents for
waterhyac inths in recen.t laboratory and field trails.

‘I’he hypothesis to he tested , of course , is that some combination of these insects and fungi w ill result
in a general debilitating effect . i.e. an epiphytot ie. on the water hyac inth population. and the factorial

des ign of the exper iment was intended to elucidate the relative contribution of each combination of
agents to the result ing epiphytot ic.

PROCEDURES

‘[he met hods of collecting. preparing, and app ly ing the organisms will he described in detail

e lsewhere. Briefly, the ,Ll rzama were released as first instar larvae from second-generation cultured eggs.
at the rate of 50 larvae per plot. ‘t he ,‘.s-eoc hetina were released at the rate of ISO per plot, as adults

collected from natura lized populations near F’ort Lauderdale . Florida. The fungi were cultured from
collected spores and applied as mycelial suspensions. The cultured mycel ia were ground into a
concentrated suspension . then diluted f’or spra~’ing. Each designated plot was sprayed on each of two

consecuti ve even ings, at t he rate of 80-g concentrate per plot of ( ‘erco.s pora and 160 g of Acremoniwn .

The plots were initially stocked with hyacinths (in 27-28 May , t he fungus inoculations were made on
24-25 June, and the insects were released on 10 July . ‘l’he initial release of , lr :ama was subsequentl y
determ ined to have failed, and a new release of that insect was made on 13 August. t’he plots vvere first
weighed on 23-24 June and at approx imatel y 2-week intervals thereafter until fro s t. [he wei ghing
apparatus is described briefly in Appendix A. At each weig hing the height of the plants was measured.

and the p1ots were inspected for insect and pathogen acli’. iIv and were photograp hed. I hey were left on

the lake dur ing the winter , and measurements and observations were resumed in the spring of 1976.

TEST RESULTS

Ohv iouslv. the selection of the test design was based on the supposition that an analr sms of v armance
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would reveal the relative contribution of each agent combination to the demise of ’ the waterh~ac inths .
and indeed such an analys is has been run on the data forthe first season . ‘l’he results of this anal ysis have
not been exam ined carefully, hut on first inspecti(in, they do not appear to he def initive. In fact, the
accumu lated data are h~’ no means as simp le and straightforward as they were intended to he. according
to the test design , but instead are confounded by an assortment of experimental problems and
unanticipated extraneous influences,

[he remainder of th is paper consists of’ a subjective evaluation of the results of the experiment in
terms of height grow -tb and weight changes after two growing seasons and a discussion of the insect and
pathogen population dynamics. Selected data from the two seasons are presented in Figures 4 and 5.
Ihese figures are explained below , and the explanations are fol lowed by t he evaluation and discussion
mentioned above. It will become apparent from these discussions that alternative analytical procedures
will he required if the res ults uu f the tests are to be elucidated quantitatively.

Explanat ion of FIgure 4
Figure 4 isa schematic map of the test area showing the chronology of plant height and organism

presence at selected times or during selected per iods of time during the 2 years of observat ion. The map
shows the test plots as squares wi t h their identification numbers.* in approximately correct positional
relation, except the hormiontal scale is greatly compressed (Figure 2>. Above each plot symbol are four
vertical bars showing plant heights at four selected times, and beneath the plot symbol are some letter
symbols representing observations on insect and pathogen activities for the two seasons.

The first two vertical bars above each plot represent t he average heights of the plants in the plot on 7
July of the first season ( 1975 ) .  about 40 days after the original stocking. and on 30 September of that
season , respect ively. The third and fourth height bars above eac h plot represent . respect ively, the height
of plants on the plot on 16 Jul-v and 15 September 1976 , wh ich approximate ly correspond with the July
and September dates shown for the previ(ius season.

The letter symbols on the figure. representing insect and pat hogen activity for the two seasons , are
arranged in two columns of single symbols , and beneath these , a sing le column of one or more symbols.
The symbols are a, b. c, and d. for A r:ama. Veoehetina. ( ‘ercospora . and Acremonium. respectively .
The two columns of single symbols are data for 1975, and the single column is for 1976. Of the two
columns of data for 1975 under each plot, the first (on the left ) represents the designated treatment f ’or

t he plot accord ing to the original test plan (Figures 2 and 3), and the second column (on the right)
represents the organisms that were actually observed on the plot at somet ime during the 1975 season .
irrespective of date except exclusive of the dates of application. A dot in the place ofa . b. c. or d in either
of these columns indicates that t he missing organism was not applied to that plot , or was not
subsequently seen on the plot during 1975 . as t he case may be. (Note that plots 35. 25,96. and 30 are the
untreated control plots ) I-or the 1976 data , t he symbols show the observed organisms present at two
se lected inspection dates. 23 June and 16 July . respect ively.

I- inall% . the arrows between t he columns for 1975 indicate the nearest potential source of
contam ination w hen one of the test organisms , not applied to a plot , was found on it at sometime durin g
t hat season Wh en .i potent ial source of infection is equally near from either direction, the direction of

the . i t  row is arhiirar~

u s  u - u suuuiiPic rs ha’.’.’ no ‘ ig uuui m can cc lii ihe t es t  design

239



r
i

i ~~~

--

~ 

-

~~~~~~~~~~~~~~~~~~~~~~

‘ - - -

— O a u o
- El ‘ .0 ‘ 0 .0 a 0

1 +

~~0 a 

- — ‘

~~~~~~~~~~~ 
;; , :~

U

~~~~~~~~~~~~~~ ~~~ 

- 5
_
~~~~~~~~~~ _0 u .  ~~~ 

;~;J
I

4 < I —

~~ 

a 
i i  ‘ a 0

u a i  , ~ 
, , a a

__ + 
0

a.,
0 0

a~ a . ,

~~

~~~~~~~~~~~ n 
W

i ” , ’ u ,” ’ i  
- ‘

— , . u .  
0 0 0 

=

a a a W 
u 

—

______ 
g
i , , , ,

0
l . . , ,

o
i ~~~~~~~~~~~ 

. a .  
~

g~~~~~~~~o

~0 
~0 ‘~~O u1U ~~~ ~~:

_ .L~ J o a ’ ’  

C.

~~

— ‘

~~~ 
u u

i ~~~~ u
El

0 -

4 ~~D fu3H —
O . u  0

— a .  . . ~ Lu.u,,,L,,,.s.uJ 

—

0 0 

-a

A A  

~ )~~ HOi~~

0 

0 

~~~

g ~ ‘~tr~~~ ~~~~ :;~~_~~~~~~ :
—

a ‘0 
—

cI ,L 1fl f I~~~~ — a a u . ~~~~a 
• —

240

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- 5 - .  - .  -

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ‘--- .~~~~~~ —~~ 
______ J



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --.

Explanation of Figure 5
Figure ~ prese t tis tout graphs for fo ur selected t m ’euimmllen ts Ia . ab . abc. and abed I. I h~sc ~i ma pIts sh ims ’ .

plot vs eights ave raged for the tour rep licates at cute Ii weighing. f row the f i t  St ste mg h ng of the lu st s C u m  s o i l

to the mruos t recent weighing available at the time of ’ wr i t  ung. cui mpared in each case to  the as eruitu e ss ei~ lit

of t he tour cont ro l plots

Explanation of Figures 6-11
Figures 6 9  are sequential photograp hs of selected plots , showing growth and deterioration

throug h the two seasons , These were selected arbitrarily to illustrate the variations in patterns and rates
of development and deterioration among the plots. No attempt has been made at comnpar ativc
representation of u~ny particular treatments or contamination effects. I the organism ach y it\ histories
can he construed t r im  data in Figure 4 )  Each sCi of six photographs starts w i th  the health~ pretre atmn ent
plants on 23 Jut’ i9 ’”S . lolloss ed by two photographsat subsequent time sdur ingthat season, I he fo u rt h

photograph Id) i t t  each set shows the early spring regrowmh in the second season. 25 Mav 197b . and these
again are followed hr photographs on two subsequent dates during that season.

Figure m ( l presents details of plants from the plots shown in the preceding tour fi gures. \ll of these
except the s ix th  photograph (I) were taken on 17 September 1976. ‘I his photograph (I’) show s the winter
condition of plot 105, ‘.s hich is typ ical for the test plots and for the naturaliied popu lation in the lake ,
and the surviving grcci under protection of the ss inter mat. By early May . the dead mater ial wil l  hav e
decayed and sifted out of the plot (cf. d in Figures 6-9).

Figure Ii show’ s sonic general views and details of plants from the naturali,ed vs ater h~ acinth
population (in the lake a lter mmdseason of 1976. In the first three photographs (a—c ) of this fi g u re. the
area referred to as “west woods” is a haldcvpress grove in shallow’ water I less than I m deep iii

midseason) (in the west e r l~ side of the lake(Figure 2). It is contiguous with the extensive cypress grov e at
the upper end of the l:ukc (southerly from the test area). In the v icinit y of the test area, it is perhaps a
hundred metres vs-ide and continues so for a few’ hundred metres northerl y from the test area. In past

years . it has supported a dense vigorous g~’owth ofwaterh yac mnt h. The “east hank” in the fourth and ( ‘i t c h
photographs (d arid e) drops more sharp ly into deeper water, and the waterhyacinth here is confined to a
narrow hand not normall y c.:ceedmng 10-20 win width, In the fourth photograp h (di. the plants show ing
the intensive yellowing are mo.’tk- on the shore between “normal” waterline and t he midseason low
water line , and the greener plants .‘re confined almost immediately to the waterline.

Discussion of Growth
Responses (Hei ght and Weight)

‘[he height data in Figure 4 c !early show that , in .Julv of 1975 , the newly stocked plots were onl~ at
the beginning of their grow -t b surge for that season , and they continued to grow vi gorousl~ into
September of that \‘ear: w’h~uea ’s in 1976 . t he height grow-tb on most plots apparentl y had peaked h~ mid-
July and even declined somewhat on several plots after that time. This trend is also reflected in the
weight data for the 2 years . asshown in Figure 5. Note that theaverage weight gain ran’ , indica iecf h~ the
slope of the grap h, is, for all of the treatments show - n . considerah t~ slow er ‘or the second sc,uson thami f o r

the firs , and the peak of the graph (maximum average wei ght) occurs much earlier in the secum nd SC,usuimt

than in the first (August versus September . respectively ) .
It is possible to argue from these data that the treatments chosen f o r  i l l i m s t r u u t i o n ,  e \cep t  ‘ui”

(Ar:a,na only), have suppressed the growth of the plam i ts  on the iCst plots . Howi’vem, another relation us
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a lso consp icuous on the grap hs shown in Figure 5. vii,. although the suppress ion of growth on the
treated plots w ith respect to the controls occurs in both seasons, the growth on the controls themselves is
suppressed dur ing the second season wIth respect to the hrst. Various hypotheses may he advanced to

exp lain this 1lhenomenon. some of wh ich may he tested vv ith existing data , and some of ’ wh mch must
a wait additional observat ions.

Thus. for examp le. it could he argued that the phcnomenon was due to a seasonal di ff erence in the
grow ing conditions (climatic or aquatic) at the test site , and indeed the random block test desi gn mu
intended to account f’or just such differences. However , height measurements (Sn the nominally
untreated “spare” plots dur ing 1976 (data not shown here) suggest that the growth on these was
accelerated , not suppressed. during the second season relat ive to the first. Alternativel y , s ince the spare
plots were not molested . i.e. raised and drained periodically, dur ing the first season , it may he argued
that molestat ion of the test plots , including the controls , during the first season affected the subsequent

vigor of the plants on these plots. ‘l’his hypothesis cannot he tested w ith existing data. l’here is not space

here , nor sufficient data at hand , to pursue various other possible exp lanations of the phenomenon: but

on cons idering the evidence in hand. we tentativel y reject any other exp lanat ion and accept the
conc lusioms that it results Irom activities of biological agents , including, but not necessarily limited to . the
test organisms. lentative support for th is conclusion appears in Figure 4. wh ich show-s that none of the
control plots escaped contaminat ion by at least one test agent duringthe first growing season . so that all
of ’ the control plots arc effectivel y treated plots insofar as data from t he second season may he taken as
being statisticall y valid.

Figures 6-I t ) shin clear l~ the general deter ioration of the plants associated w ith declining growth
rates and losses mu f  hemgrit and weig ht on the test plots.

Discussion of Population Dynam ics
It is seems from the data in Figure 4 that extens ive migrat ions of the test organisms occurred during

the first season after app lication, result ing in extensive cross-contamination of the test plots, including
the desi gnated controls . In many cases , th is occurred sufficiently early in the season (not ev ident from
the data presented ) as to render the actual treatment of the plot different from the intended treatment ,
even for the f irst season. In addition, there are a fe w’ cases in which the app lied treatment organisms
apparently failed to become established and were subsequently never seen on t he plots.

in summary, it is seen t hat b~- t he end of the 1975 season:
a. .,4r :ama was observed on 12 plots where it had not been applied, including two of the control

plots.
h. ,Veoc hetina was observed on two plots where it had not been app lied.

e. ~~~~~~~ was observed on 32 plots w here it had not been applied (by the end of the season it

was reported on every plot including the four controls ).
d. .4cremoniu,n was observed on II plots where it had not been applied, including tw o of the

contro l plots.
Conversely, however , dur ing that season:
a. Arzama was rn ’s-er observed on two plots to which it had been applied (p lots 92 and 8: the

“inherent” low vigor* of these two plots may account for this failure),

b. .-4eremon,u,n was never observed on one ol the plots to wh ich it had been applied (p lot 7(1),

* -~n unesphiuned and perplesing phe mummme m u u nm m
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In ever~ case, except three cases for C er euu .s pora . conta mination could have occurred from an
immediately adjacent plot. In fa ct , there has been a problem wi th  the plots becoming unleashed I rimmsl the

anchor cables (t he ropes rot through , and the sna ps rust tuU ~* and drifting along the anchor cable to
rest aga inst their neighbors. No record has been kept of thcsc occurrences , hut it is improbable that it

wo uld account for all cases ol contamination. It has also hc-cmt ov served that I ragments of plants ma~ he

broken from a plot d un iig the weighing process and trans ported to the ne,s I pl ml! on the lilti ng I rame ol

the we ighing apparatus.

Other possible processes for contamination, in addition to “natural ” disseminat ion (h~ f lig ht lot’

adult insects . or wind and water for fungus spores ) . would he from plantscscaping f rom the treated plots
and dr ifting about , or f rom vagrants Irons the naturaliied population drifting about among the plot s
‘(‘he latter is an especially common occurrence: such plants often collect against a plot, where the~ ma~
rest for somet ime before being moved away by wind or wa v es  or by the experimenters priorto weighing
the plot.

There is reason to suppose that all (31’ these methods of dissemination were at work in the test area .

s ince the organisms spread extensively into the naturaliied waterhvaci nth popu lation. as wi l l  he
described below’ . Whatever t he cause . It IS evident that the test plots vs crc suff Icientl y conta m inated, even
dur ing the first season , as to render suspect any conc lusions based oms uncrmtica l statistical anal~ u ms of the
data,

Figure 4 show’s further that all of the test organisms .c xcept .- lereo ioniuu i . survived through the
winter and became act ive again early in the second season. Aerenmoniuni was never reported to he strong
on any plot in the first year ( 1975)though it did at least become established on most p lots to which it was
applied, and it was still present on most of those plots on 16 September. At that time. ( ‘ t’r uiyror a had
not vet spread extens ively and had not been reported to he especiall y strong on any plot. Rut on 3 1
October of that f irst year . (‘erw.spara was reported to he widespread through the t est area and strong on
most plots, wh ile ,4c-tnemoniu,n was nearl y ex tinct on most plots. . -J erenion ium was reported tent at iv clv
on a fe w’ plots on 23 June of the second year . hut that identification was not confirmed , and it vsau nevem

again reported duringthat season. (‘ereo.spora. hycontra st , reappeared v irgorouslv in Ihe second season

and , at the end of the season , was profuse throughout the test plots and on the natural ized populations of
hyacinth in the area.

.-4r zama was observed only sporadically after app lication in the first season , and indeed the first
release on 10 July was declared a failure, so a second release was made on 1 3 August. Hovv ever. large
..4rzaina larvae were reported on some of the plots on 20 August . only 7 days after the second release, and
not all the plots so reported were des ignated Ar:wna plots (e.g. plots 86 and II) . W hether these larvae
were from the first release or native, or both, is of course moot. A large larva was found on one of the
plots during a spot inspection in February of 1976 . and at t hat time good evidence of feeding by ,‘l r :a oma

was also seen in the naturalized waterhyacinth population near the north shore of the lake adjacent to

the test area. Note that it reappears sporadically in 1976 , most often on plots w i th  the taller plants (e.~.’.
101 . 64. and 85). Damage by .4rzarna was also obvious during the second season on the naturali,ed
waterhyac inth populat ion in the area, hut again only on very tall , lush plants or plants t hat vsc rc
apparentl y lush at the time of attack. It does have a severe dehil itatingeffect on such plants . however , as
shown in Figure I Ia-c.

* Sine mies s ’ 11p m mu l ti uil plots u i  n ppend us -~. -
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.V ’oe/ :etina became wel l  established during the first season hut exhibited vc r~ litt le transmIgratmon
during that year. It reappeared v er y  earl y in the following spring and wa s ver y soon w idespread
throughout the test plots (e.g .. its distr ibution on 16 .1 ulv in Figure 41. It also appeared earl~ in the second
season on the msatural iied waterh vacinth population on the lake and soon spread exten s iv clv through
t hat population (I’ igure lie— c) .

It vs a,s i m p lied above I hal eertai 1) onga rsismns of her than I he test organisms ma~ have’ played a
sign ificant role in the test results. I w’o especially require commnent. I hese are Ort/ wgalwn,ia terehranii.s ’
Vs’ alwor k . vsaterh vaeinth ns ite. and l’et ra ni ’e/mu,s et. gloveri Banks. a “tim id” spiderm ite. vs hich are not
shovs n in Figure 4.

Ort/mog alwnna began to appear on the test plots on 20 August of the f’irst season . No attempt wa s
made to control th is nsite. and by the end of the season , it was reported to he on every plot wi th

- ‘ 
. \eoe/zei ina. hut only on those plots . Tetranve ’hus vs as f ’irst reported on several plots on 8 August 197 5.
being well established at that time. ‘Fhe infested plots were sprayed vvith an acanicide on I 3 August and
aga in on 19 August . and the niite was not re ported on ans plot thereafter.

Orthugalwmzna was reported present again in the second season on II August . and it developed
rapidly t hereafter. By IS September , it was distributed profusely over the test plots, hut its specific
association w ith .~eoe -1ietina has not vet been examined. By September of t he second season ,
i~(r ap mi ’ ( ’/ l j Ls had nest yet reappeared on the test plots , though it was present on the native populations of
vs-ate rhvacinth in t he area. ( ‘As this paper is being revised for the press, it can he added that Teiranvehu.s’
did nes t reappear on any of the test plots dur ing the second season , hut it did occur on some newly
established plots that were set up in the test area as part of ’ another exper iment. Wh ether this mite is
limited mm i its mmgrat es rv capab ilities or selective as to v i gor or physiolog ical qual ities of its host plants is
undeterm ined.)

CONCLUSIONS

We are not yet prepared to draw’ definitive conclusions from these data , It is ohvious that .4r:anta,
\i ’ mse ’he ’ttp za . (ereo.vpora , and Orthoga lunmna did survive the first winter in the test area and became

reestabl ished vigorousl y in the second grow ing season. It also appears that some combination of the
four, in some yet undeterm ined time sequencing. is capable of establishing and sustaining a debilitating
epip h~tot me Oil w-aterhyacinths under the conditions of these tests and, more generally , under the
cl imatic and other environmental conditions of the test area (Fi gure I I) . The ep idemiology of this
ep iphytot ic is no t  clear , hut tentatively it appears that .‘lr:aoma attacks the most vigoro us plants. causing
cons iderable physical damage and rendering them suscept ible to severe fungus infection . ‘s ’eoe ’heiina
a lso attacks mainly the more vigorous plants. and the virulence of (~ereos ’po ra appears to he si gnificantly
enhanced by the activit ies of these insects.

Because of its close association with ,Veoehetina in these tests , the role of ()r t/ zog a luinna in this
epip h~totic is not obv ious and cannot he determined from the data so far collected. Previous attempts to
assess the potential of’ t his organism as a control agent for waterhv acinth have been inconclusive. ~~~~

Suh lect lve ly observed . it appears to) have exerted sig ni lmcam st stress on the plants in these test s . * Also ,

- in igmi ui mc,imitl ~ . mhs’re mnts hc iii , urgem il pract ica l  mImi c iii at m e mm up t i mrg mu m s e pzmr.mm e the rel n imu n e eli cits iii I Itese Int o m um e amm i smm mr, It is
prs ’s ii t rm em t thai  ( I n - I / t n  uu nul/memmm ,mul St nus r ut r id us’~d l ilt  lmess ph il s I mm a d m s- r h - m i t  h n u t  1(1 lie S m ‘ ii i Jim ‘l im o . ,u miii m icr,’ is sh u t s ’ itt mdcii, ’,’ I nit
Ib m,’ I i m rmmm s ’r hear’ c mm m t ummr emi sal r elni i ummmtshi p a m mli lIre m i l ler , ’ ‘ It minis - t i ter e lmure. h, pi’ i m mi uuul g :m t s ’d us uips’ m u t n im n;ml pui hmes t hat o hms -m i
v~ ,,, / mm ’ip ua us tim he rs’k’ass’d mm mi ni s it, iu,r s’m mmi tm’ u’ I m u tS iIs’t irs ,m, ’ imt l lms . mlii’ mdu i l t s  s’uulls ’i,’t ,’ii h r  m, ’h’jse sliouilij h, l ike n h u n t

t rms ’ ,uh i ls k nu tS ti t m u  ‘ic u mm lcs r e d  als mm s’. mi t (,J?’i / mou,’uj/ mu ,imimu, \ m rs str s-sscs uiti puus~d hs t i rese urn lire tt,’s’d pump iihni m mm m mm . ihiute lIm e s t r es s s - s

i im i p mns e ui hs the aces Is per se , min i s  m u c h  he ucs ’e p te ul  is ss’i e r idip it im uit I lls’ C um l isem s e mIni , applies .
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unt il the data are more carefully analyzed, the poss ible role of ,-4cremoiiium early in the first season
should not he dismissed, but on f irst blush it does not appearto have made an important contribution to
t he general epiphytot ic.~

Finally, there is some evidence not discussed here hut included in the data and show- n intheligures
(e.g. Figures 10 and II), that other microorganisms not included in the test set (various unidentified
f u n g i, bacter ia, and v iruses) may contribute significantly to the epip hytot ic.* ‘l’his possihilit~ a lso needs
to be exam ined.

PROGRAM PLANS

We are at present investigat ing the feasibility of putting all of the collected data on INFONI- I.
wh ich is a commercial data storage and analys is service offered by Computer Sc ience (‘orporat lon. I he
W ES computer facility is connected with this system , and the stored data would he accessible through a
teIet~’pe term inal. ‘l’he system is coup led directly to a stat istical library, and it also has graphic output
capab ility. [his would allow the test plots to be sorted and regrouped into subpopulat ions . accord ing to
any assortment of cr iteria that may be of interest , and analyzed for stat istically significant relations.
Most important , the analyses could be efficiently reiterated through any time period or over any time
lapse. It is expected that through this process the epidemiology of the ep iphytotic in the test area may he
eluc idated.

It is now expected that the test plots will be left in place again through t he forthcoming winter, and
observat ions will be resumed and continued through at least one more growing season.
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* A condition menma tmn c lu cat ted “hruma-noum” may he attr ibute d to ihe’,e ca u mse n , tt i,s il lustrated mu I ’ mgtmre s lUa. h a nd d. mm i d I t e
and in, Ii us tY pif ied by necrotic streaks extending along the peimole mn both stireetim uns Iromo iltss’ct hm rret umrtes I \ i’n u i  /m i ’m m,ia e su t
hmj Ies ’,’ I, accompan ied by ses-cre Io~s of chloruup hy ll and ev e nmuat necruis is mu the eat blade . . -\s Ihe disease primgrcsses , tire pet i m l e
aemenchyma becomes saturated snuth a iter, and ihe plant hegmns h um sitik I note mli ii Ihe Staler level on tire plants in I’ m g tm me liii mind
h my stelt above the rou t crowns, as indms ’aied by al gae mnc rustat im ins on ihe pehuole l. Comp lete death m d  dee ms inullmist r ipm dis Is

the plant sinks , t hese 55 mpmm ums are similar to svmpm uums described hs (‘har imdatta n et al , r~ Ihe s ni mute spuils m i t  tire te ll blades mu
t-’igurc 7h are unmdenmm lued , Similar spots were seen muir various terrestrial species mu the area amid acre t h ough t  In, he s u i t e d  hs
del’nlianl dr u m. hut this is mmnc im nl ’irmed, t hey are apparently imiae ti s ’ e.
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AP I ’FNDI X A
DES( R IP ’I ’JON OF’ ’I’ES’I’ APP A N A ’t’ t S

l’he floating plot fra m es and the wei ghing apparatu s used in mhi s e\pe rim lrent were  desi gned and
constructed h~ the WES especially for ear lier experiments w i th  other proposed w’aterhvacinth contro l
met hods. l’he plot frames are described in detail in the report on those expe niments ,i’* and a detailed
description of t he weighing apparatus is in preparation for publication elsewhere. t hey arc described
briefly in the following paragraphs ,

The plot frames ( Figure A l )  were designed to confine the plants throughout the grow ing season.
Each frame is constructed of lO-cm-diam aluminum pipe welded into a square with inside dimensions (IS
1.8 by 1 .8 in. A 61-cm-h igh fence of 2.5-e m mesh wire net is mounted on the Irames, supported h~
upright metal rods welded onto the frame: and a 5.8-cm-mesh nylon net is suspended slackly beneath the
trame. These are intended to prevent the plants fromn escap ing by being w-ashed over on underthe frame
dur ing periods of high w indsor other violent wav e  action , as from passing boats. ‘T he fence a lso ser v es lu

support the plants in an upr ight pos ition when they become congested in the plot and enter the ver t ica l
growth phase. Each frame we ighs between 26 .5 and 28 kg. wet. ‘I he~ are equ ipped w ith snap-on leashes
at two corners and held in position in the test array b~’ being leashed to ca bles stretched between trees or
other suitable anchors. U-bolts are clamped to the anchor cables at specified intervals to catch the leash
snaps and thus prevent lateral dr ift of the plots along the cable. 

- - - .  ,‘,- - ~~~~~~ -=‘--~~

1’ gui mc A t  - A bloat mat plot Ira me iii’ t tic km nd umnn ’d
in tire t ake Con eo rdjm tv a tc r t r v me in t tm su mm mtrm mt  t , s i s

* Raised numbers reict 1mm sum m rmluu r ls - muum nu her items in tire Re t crc rises nut tire d ud mit m u m  te S t
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[he we ighing apparatus I Figures A2 and A3 ) was designed to allow the experi m ental plots to he
wei ghed eff ic iently w ithout excessive disturhance. It com rs ists of two f ’ lat— hottomn ed boats in a catamaran

‘,.s, .~~~_ 
~~~~~~~~~~~~~~~~~~~ “ . ‘ ,

~~~~ 
i~~ l&.,,, ~~~~ ,~

~~~~

Figure -\2 , Gem mer ai view ot the sn-e ighmng apparatus used mu m sne ugh the irammn s (I ’ mgu re -\ I i

‘In - ,~~a ,

I’mgui re \ w e i s ’ l u r u~ uppnmmn m m mts in um pe r nil iou . us m i t  thin test ph umt s u msp em mde d Ii mr uu mm gl m thmc lmmnm d cell
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conf iguration. held apart approx imately 3 m by a gangplank f ixed astern and an A-frame hoist mounted
forward. I’he hoist is equipped w ith a lifting fra m e, an electric winch , and a load cell.

l’he lifting frame is suspended between t he hn at s  f rom the A frame and is of suf f ic ien t  s u e  as t(~
allow it to he sli pped freely under the plot fra m e. Ihe bottom of the lifting frame is covered with nylon
netting to cushion and support the plants as t he frame is hoisted from the water to he weighed. ‘[he w inch
is driven by a 12-v . d-c , revers ible electric motor and has a lifting capacit y of 681 kg. [he w inch cable is
connected to the lifting frame through the load cell . and the load cell is connected to a differential analog
amp lifier with a digital voltmeter readout , ca librated in kilograms. Ihe assembl y is powered h a  IS-hp
outboard motor mounted centrall y on the gangplank: paddles are used for close maneuvering.

Wei ghing is accomp lished by lower ing the lilting frame into the water , maneuver ing the boats
forw ar d to position the lifting frame squarely under the plot frame , unf’astening the leashes that hold the
plot frame to the anchor cab le, and then raising the lifting frame gently with the w inch until it clears the
water sur face. The plot is then allowed to drain for 1 m m .  (adopted as standard after several trials) . and
the weight is read directly from the voltmeter disp lay. After being weighed. th~ plot is lowered gently
back into the water until it floats free l’rom the lifting frame, the leashes are ref ’astened to the anchor
cab les , and the apparatus is then backed gently away to leave the plot frame floating again in its original
posit ion.
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REMOTE sE~~sIM ; OF A QL ’ATJ ( ’  PLANTS

I .  I’ . l i nk . Ii and K. S. I on g *

BACKGROUND

l:thcient control of aquatic plants depends to a large degree on the ahilit~ to assess rapidl~ both
their area l extent and their species composition. I )e c i s ions  concern ing the type of control meast re to he
appl ied, the magnitude of the app lication, and the location for application req uire this information.
Currently, an adequate means does not exist at the operational level for rapidly determining the
position , extent , and character of aquat ic plant infestations over large areas. In addition, the dynamic
character of aquat ic plant conimunities requires the ability to examine large areas repeti t iselv. both to

identify areas ~ here rapid growt h is occurring and to monitor the ef iect i~eness of ongoing control
measures.

An important goal of the U. S. Arm~ Engineer Waterwa ys Experiment Station (W FS )  research
effo rts in aquatic plant control is the development of an operational capability for mapp ing the
distr ibut ion and character of aquatic plants with emp has is on ease of app lication . rap id ex ecut ion . and
use of a~ailab le remote sensor systems and technology. The final product of the stu ds ~s ill he guidelines
for using remote sensors and rap idly extracting and portray ing information on aquatic plants.

PROBLEM DEFINITION

Personnel of Corps of Engineers districts and divisions and the \\ ES met at the WES in September
197 5 to discuss the informational needs of Corps personnel actively engaged in aquatic plant control at
the distr ict le~ el. The results of this fruitful meeting are summari,ed as follows:

a. The types of information desired would optimally he the arcal distribution of the sarious
aquatic plant spec ies and a quantitative categorization of their hiomass . Il neither species nor
hiomass could be determined , information concerning the areal distribution ol emergent and
submersed aquat ic plants (s~it hout species determination ) would he useful for planning contro l
measures.

b. [he spec ific plant species of interest include hvdrilla ( Hvclri lla V e i t ui  (Iota Roy let . [urasian
s~aterm ilfoil ( t~1ir ioph i lium .spica!u,n 1. .) egeria ( L~eria clensa P l a nch .  ). s~ ater lett i ice ( !‘i~iia
.stratiote.s L .) .  waterhvacinth ( Ei hhornia cr a.~sipe .~ ( Mart ) Solms .). duck~ ced I l.enu ui sp. I.
waterc hestnut ( Trapa natans I..). and al ligatorw eed ( , llter nan,/ zera p hilo.veroule .s Griseb . ).

e. Two scales of information are desired: a regional picture of the distribution and area) ex te nt of
aquat ic plants for yearly budget plann ing and analysis , and more frequent detailed info rmation
for planning control operations and examining the effect iveness of control t lleast i ics .

Acquisition 1)1 the data outlined above requires the ability to: (at diffe rentiate aquatic plants f rom
their common surrounds, suc h as water or terrestrial plants: (h) differentiat e f ro m one another the

~ ar io us aquat ic plant species : and (c) di f ferent i a te , for a gi~en species . \a r iat ion s in plant hioniiiss
Oh~iouslv . each success ive differentiation is more di f t ic u l t .  especiall y tor submersed aquatic plat ~

* Supers oi’r~ Re~c, ir ch ( i s  i i  I ng~ncer and HiiIani~t . rcspce t i\ ~~ . \I~,h,liis m d  I is i~’nnisni,iI Ss si~~iii~ I ,ib~, r . i i , , i  I
I ngineer W ater ssas I sperir i icnt S t a t i sm . V ick s ht i rg.  \t I’~ Is ~ Ipp I
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species. It is also pertinent that these differentiations he made by (‘orps of Engineers district personnel
on a t imeR basis w ithout additional manpower.

PROPERTIES OF REMOTE SENSOR IMAGERY

In view of the aho~e requirements , it is useful to examine the specific properties of remote sensor
imager\ that allow an in~est igator to extract informat ion from an image. These properties can he
siimmar iied as spectral properties . pattern propert ies . and assoc iation properties . Spectral properties
c olcern image tones. 1 hat is. objects or features with different reflectance or absorption characteristics

~re portrayed as different gray tones (or colors) on an image. If some prior knowledge is a~ailahle
concerning the relative spectral character of features of interest , tonal variations alone may he used to
discriminate among features. This is. of course , the s imp lest type of ’ information extraction and can he
accomplished by ~isuaI image interpretation or. in some instances , by automated machine proc~ .sing. It
should he emp hasiied that this is presently the onl~ type of automated information extraction that is
a~a ilahle.

Pattern propert ies concern regular or irregular groupings of image tones (orco lors ) orsimpl~ tonal
“patterns. ” lona l patterns are a funct ion of both the spectral propert ies and the spatial character ot the
leature (i .e. surface roughness. area l distribution. etc.). I his type of information may he exemplified by
the regular mottled pattern ofa cornf ield or the regular pattern of dark tones on a light hack ground of an
orchard obser~ed in low-altitude aerial photograp hs.

Assoc iation is the major source of’ inf ’ormat ion for visual image interpretation . It relies hea~ ily on
the spectra l and pattern properties of an image and the knowledge base of the interpreter. Association is

poorly understood and can be best defined by an examp le. A smooth gray area (on an aerial
photograp h)around a residential building is almost instantly recogniied hvan interpreterasa las ~n. not
because it is smooth and gray, hut because it is positioned in a certain way ~ ith respect to the building.
I he precise same shade of gray associated with a building ident if ’ied as a factory might s ell he
interpreted as a parking lot.

For the purposes of de~ elop ing an easy-to-app ly technique for mapp ingaquatic plants . it ssould he
benef icial if all the desired information could be obtained by spectral propert ies alone, th is would he the
simp lest procedure and might also allow , to some extent , automat ion of the information extraction
procedure. It is not antici pated. however , t hat image spectral properties alone will pros ide all of the
desired informat ion previously outlined. I-or this reason attention must he given to all three image
propert ies . although emp hasis should he placed initially on the spectral content of images since it ‘~ i l l
pro~ide t he most immediate return.

SCOPE AND PURPOSE OF STUDY

I his paper wi l l  present a sv nopsis of the work that is being accomp lished in the (‘orps Aquatic Plant
( ‘ontrol Researc h I’rogram on the remote sens ing of aquatic plants . Work items planned for the I ut ure
arc also discussed.

I he initial study ef for ts  ha~ e been designed to determine the kasihilitv of acquiring the desired
intot-mation b r  aquatic plants (i.e. locat ion, species . and character ) ~s ith existing sensor s\ stem s that

~ oukl he asai lah le to the Corps districts. I he f ’olloss- —on wor k will in~ oh e formulation of guidelines fo r

~ippl~ ing remote sensor s for data acquis it ion. including setting fo rth criteria for mission planning.
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information extraction , and information portrayal. I lie f inal product will he iii manual form for
eff icient technolog~ transfer.

ONGOING INVESTIGATIONS

l’he work to date has been to determ ine the beas ihi l itv of acquiring information concerning the
extent and compos ition of aquatic plant assemh lagcs hy us ing currently usa ilahle remote sensing
procedures. l’he following discuss ion is divided into lour sections: a literature res iess . a descri ption ol
remote sens ing systems , model stud ies , and field (imagery) investi gat ions.

Literature Review

A literature revies; was conducted to identify relevant work by other investi gators. Scienti sts at the
National Aeronaut ics and Space Administration (NASA ) Kennedy Space (‘enter . Flor ida. ui~der
contract to the Florida l)epartment of Natural Resources , have been investi gating the use of aer ial
photography and interact ive image processing to monitor the status of hvdri lla in small lakes s~herc
white amur f ish ( Cienopharu ’ngodon ide/Ia Val.) have been introduced. ’ [heir ssork has demonstrated
the feas ibility of accurately delineating and measuring the area of hydrilla infestations with los~-alt itudc
aer ial photograp hy. Dr. Charles We lby of North Carolina State University at Raleigh used l.andsat
data in a study for the Corps of Engineers Wilmington I)istrict that demonstrated thc feasibility of
del ineating Eurasian watermilfoil infestations in certain North Carolina estuaries.~ Personnel at thc
Remote Sens ing (‘enter . ‘I’exas A&M University, College Stat ion. under the sponsorsh ip of N AS -\ . the
Texas Water Qual ity Board, and t he Corps of Engineers , have exam ined the use of aerial photograp hs
for detect ing the presence of submersed and emergent aquatic plant infestations in selected locations in
Texas. The results of these latter stud ies showed the feasibility of using color and color-infrared ( IR )
aer ial photograp hy to detect the presence ofspec ies such as hvdrilla . w att ’~ a ’ ’icinth. and duck sseed. I he
results obtained by these insestigators are being used to support and c ongoing ~ I S ef f or t  h~
prov iding bas ic data from which additional experiments are desi gn ‘ supplement the results of
the W ES studies.

Description of Remote Sensing Systems
Remote sensing systems Var~ considerably in the types of information thc~ pros ide. .‘\ irhonnc

photographic sensors operate in the “s isible ” portion of the electromagnetic spectrum and record the
energy reflected from the surface of feature s . I he resulting photograp hs are normall~ t h e  easie st of all
remote sensing products to interpret because the f i l ms used base roughly the same se ns it is it\ as the
human eye. I hus. the human interpreter is accu’ tonied to s~ hat he sees on the photographs . Other
se nsors , such as the multispectral scanner ( \1SS) s\ s te m in I a n dsat . a lso record retlected energ~ and
produce photo—like images of the terrain. I he m~i~or difference is that,  in the case of I andsa t . the earth’ s
surface is being iewed from space and the resulting rcsolt it ion is much less than for photos acquired
from an a ircraft. I .andsat pros ides the ads antage of cos ening large areas in a single scene.

A second type of remote sensing concerns the t hern ial— I R port ion of I he electromagnetic sped rum -

I hermal—I R s~ stems record the energs radiated I rom terrain materials I he amount and s pectral

character of the energy is a I unction of the temperature a tid radial ion characteristics of the materials. \
third mayor type of remote sensing concerns radar or micros~a’e s~stenis . I hesc s~ stem s lcal ted side-
looking radar) transmit a pulse of i1iicnos~as eener g~ to the side of the aircraf t  ( perpendicular to i ts  f l ig ht
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p.iilif and iecoid the eii e ies hackscatte icd limit thc ic i i . i i i i  su i f . iee I lie ,iiiioiiut of e iici e’~ ict urne d is a

f u nction of the su i l, icc rouigluiess of the tcriiiui s u i f ac c .  ~iilc - I iokilig iaifai ss stems , ik i ,illo% ~ cos ci , iee

of Lii ~~~ are as iii a shoi t period of tu lle.

\cr ial  photoe raplis and I audsiit ooaeer\ , hccausc of d i t fcre i ic cs in ici lectanc e di,o , i e t e r t s t f t s  01

~iquaiic plants and their sui’ro uiids . ai’e e~ peci~ d lii he c f t e e t i \ e  tools fo r  dc l it icat ing aquatic plani

ii f e sta i ons .
Sidc- looki ttg i’adar s \ sidiUs ina~ pros dc a possible tool fo i  regional-u’ pe su i r s c \s  fore mi’lgeltt .it id

iloating aquatic plants because of their d i f ference s in roug hness compared to i e l a t i s e f ~ st t iooth i~ai.’i

sl i l Lii’~ s I he ri i ia l— lR senso rs are not expec ted to be se Es usef u l lkcii i isc of t hese hasic ;issuinptioils .

aeria l photographic. I att ds at \1 SS. and ~ide- looLiug i , is l , t i  ss stems are consideicd to base the ,i sl

potentia l  for  iiiiiiiedi:itc app lication to t h e  aquatic plant iiiappiiig prohleiii . ;uid a ie . t f iL ’ it ’ I l’ ie ih.

reunite sens ing tech niques eiuphasiied iii this studs -

Model Studies
-\ lt hiingh all of the as ailable remote sensing tec hniques considered in t his stud~ has e unique

ads antages . aerial photograp hy is h~ far the most cotnmonl~ used and most readily as ailahle. I tins .

aeria l photographs are the most immediatel a sa i l~ihle source of aquatic plant informat ion I he ahilit~
o aeq u ire pIt ot Os at loss and high alt itudes pros ides a ii cas~ mea it of oht a ni ng hot Ii if et a i lcd and more

genera l t regional) information . In aeria l photograp hic techniques a s~ ide sa riet ~ of f i lm—fi l t e r

co inhinations is as ailable . eac h has ing unique spectral sensitiv ities and, t hus . potentiall~ capable ol

record ing d i f fe ren t  t~ pcs of information. Ihe ihility to discriminate on photographs hetsscen aquat ic

plant infestat io ns and their surrounds , aquatic plant species . and s ariations in species charac ter , suc h ~is

hiomass . depends Lii a large extent on the ex istence of tonal (optical dertsit~ I contrast amiltig these

features. I lie f i lm—f i l te r  combinations that pros ide the most contrast hetssee n feat iii Cs to be

discriminated ai’e usu:i llv the hcst for the ~oh. i~mpirical field studies to determine the best 1111 11—filter

com binations for obtaining speci f ic types of information (based on spectral prope rt ies ) are ptoh ih it isel~
cost l\ and ti ne—consiimitig because of the man d i f ferent f i lm—f i l ter  combinations and terra in features

a quatic plant s pec ies . surrounds. sar iat ions in species character ) .  \ co mputeri/ed mat hematical

in ide I i d t he re Ia t iii ns bet ss ecu photograp hic re in ote se li s t r~ and t lie ens iron inc nt Ii as bee ii if es clii pcd

h~ the V~ I S to pros ide a capahihit~ f o r e s a luatingthe perfo rma nce of d iffei ’e i it  hlm_ fil te rcomh inalions

tor acquir ing spec i f ic  ty pes  of data. [he model ss as emp loyed to determ ine the combinations that

liii ss cii the in ost pot cut m l  for discriminating bet ssee n aquatic p Ia ;i t s and the ir su rn in nil s and bet ss cell

.iquut ic plant species. I lie basic scheme of the model is as fo l lots s (i i ) the spe ctral  reflect ance

ithir acter is t ics  of the feature (a noxious aquatic p lant ii thiscase Uind its surround (t i ther aquatic plants

ss atcr . etc. )  are input to the program: (h) atmosp heite condit ions . se nso r ~if i i t u de . and otlte i h , isi e

pa rameters are selected (f rom a spectrum of eondit ionsa’sa ila hle) . and the model is run . I the outpu t of

the computer program is a table gis ing predicted optical density cont rast i t i r es  or the tc , r l , r i c  and

h,ic kert ’unil and for a sar iet \  of selected f i lm—fi l ter  combinat ions . .\ t i  c’.uti p le of thi’ a r t lcl output Is

presented in Fi gure I. t he rig ht m ost column gives t he contrast to he expected f or  the g is e t i  te i t i i i i’ and

h.i~ k c i  t ,m d for  each fi lm-fi l ter combinat ion listed. Forsing lc-eniti lsiot i f i lms ic t u r n  \ s  2402

an d 24 24 , t h e  nu m erical sa lue of f he cont rast must exce ed (I ~(i in orifcr tin t h e  ~oi i r , ’ ~~l t o  hi’ ii’,ti l ib \

ilet i’etei l I’~ t he liunnin e~e i lie model considers each emulsion of t uult icit i i ihs ii it i  f i lms  i~ ~ \os  ,‘4-2 ’

.oud 24 indis iduill~ - I herd ore , t he model output includes a cot it ta s t  sahie or the es .ni it  ~chho s s

ar i d ur i g etut : i  ( \ I ( eninhsions of such films . I he optica l densit~ s i lues fo r  m dii iduil emmiu l s i i; is i i i  

-...-
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Optical I )cnsit \
F jIm Filter (‘ont rast

2402 PIus-N I’anchromatic 12 Yellow 0 (417 22 1
2403 In -N Panchromatic 12 0.0 1 127
2402 47B Blue (4 . l7~659
2403 4711 0.164 144
2402 58 Green 0.079427
2403 58 0.079427
2402 25A Red 0 (1325 14
2403 25A 0.014665
2402 3 Haie () .06375~
2403 3 0.4)43 076
2448C Color* 3
2448Y 3 ( 1.27 ( 14 19
2448M 3 0. 1 (14692
2443C Color_IR* 3 0.1)69592

• 2443Y 3 (1.117260
2443M 3 0.0l00~ 3
2443C 12 0.l4605o
2443Y 12 0 067922
2443M 12 0.00464 1
2424 Black-and-white IR 12 0. 194452
2424 25A 0.202076
2424 87C Infrared (4.173644
2424 87B Infrared (4 .21 356 1

LEGEND

Feature: waterhyacinth . Black Creek. Florida
Background: spatterdoek . Black Creek. Florida
Atmosphere: midlatitude. summer . ha,e: 23 km
Zenith angIe: 30 deg
Distance to sensor: 1.50 km

* C, Y . and M represent the cyan. yellow , and magenta emuls ions. respect isel~. for multip le-eiii&ilsi~in
color and color-I R film.

1’ i~ure I - l x in ip k cii mixid mm pum

not give a true measure of the total contrast that occurs on these fi lm s for a feature and back ground.
‘[hus, some combination of values is necessar\ . For the purposes of this studs, a si m ple si t t l i  of the t lnee
(fo r the threeemuls ions) predicted optical density values wasconsidered asan ippnis itn ite salue to n t h e
total opt ical density contrast that would occur for the multicrnu lsion films . I he sum of the predicted
contrast values was compared w ith the 0.30 threshold previousl~ ment ioned to asses s the th il m t~ of
multiemulsion films to discriminate specific featurt. ‘back ground comhinat iot ’is .

Spectral reflectance curves(f’or f’eaturesand hackgrounds)are the ouR itìp ut required f o r e\ci ’ iu t momi
of the model. For this study spectral reflectance curses of common aquatic plant species and \s it ei
bodies were obtained in selected locations in Ness York . I ’ hmm ri da . I ouuus ia na .and I ex as during tIme late
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slimmer of 1975. Some additional data were obtained in louisiana. South (‘arol ina . and Missuss mppi
dur ing the summer of 1976. Figure 2 presents. ~iii e xamp le of the reflectance sal ues acquired for
spatterdock and ssaterh acinth. A list of those aquatic plant species and u)ther features associated s~ ith
t hem (e.g. ss ater ) for ss hich ref lectance data have been collected is given in I able I. l’hese data ss crc used
to execute the computer model previousl y descr ibed. Species were compared to esery other prominent
species associated is ith them, as well as to the surrounding ssate r.

Ihe specific ohtective of the model studies was to make an initial assessment of the abilit y of

asailable photographic film—filter combinations for discriminating (a) areas with suhmersed aquatic

plant infestations from areas with no submersed aquatic plants . (h) areas ssith emergent aquatic plants

from surrounding water. (c) spec ific submersed aquatic plant species from tine another, and (d)specific
emergent aquat ic plant species from one another. It must he recogniied at this point that the abilit y to

detect the presence of submersed plant infestations is very dependent on water clarity. It is logica l to
assume t hat in very turbid water , it would he difficult to detect the presence of plants only a leis

centimetres below t he water surface: whereas in clear water , it may he possible to detect infestations at
much greater depths . ‘Ihe data represent relatively clear water cond itions and, as such, should not he
assumed to represent turb id water where the adequacy of specific f i lm-f i lter combinations to detect
submersed plants could decrease significantly. Table 2 presents a comprehensive tabular summary of the
results of the model study. The following paragraphs present a brief narrative of the data presented in
the table.

Exam ination of the predicted optical density salues for water bodies (for relatively clear water
conditions) and specific submersed aquatic plant species shows that species such as hvdrilla. egenia , and

coontail ( cera wp hu ’llum de,nersum L.) can he readily discriminated from areas of ssater not occup ied
by submersed plants. The best film-filter combinations were black-and-white infrar”d film with elloss .
red, or infrared filters and color-IR film with a yellow filter. The predicted optical density salues were .
for the most part , well above the 0.30 threshold previously mentioned.

Exam ination of the predicted optical density values for water bodies and spec ific emergent aquatic
plant species shows that species such as waterhyacinth . pickerelweed ( Pomederia sp.) and f roghit
( Linmnohiuni .Spongza ( Bosc) Steud.) can be easil y discriminated from water bodies using black-and-
sshite infrared film with yellow , red. or infrared filters. co lor—IR film with a elloss filter , and, in most

cases , color f ilm with a hate filter. In some instances other film-filter combinations were also adequate
( i.e. pros ided a contrast greater than 0.30): however , the above comb inations were the most cons istemit .

Exam ination of the predicted optical density contrast values for combinations of specific
submersed aquat ic plant species shows that it does not appear to he feasible to discrim inate hetsseen
hydni lla and egeria on aerial photograp hs.

Exam ination of the predicted optical density contrast values between specific emergent (or
floating) aquatic plant species shows that , in some instances. ssater lettuce and SaIt ’inia sp. ss mt h
ducksseed . duckweed and Amer ican lotus ( Nelwnho Iuu’a (Wil ld.) Pers.) . American lotus and sc hlos s
water lily ( .Vup har sp.). froghit and yellow waterlil y, and Amer ican lotus and Paniewn. there ssas riot
sufficient optical density contrast to allow visual discrimination on aerial photograp hy. On the other
hand, the pred icted optical density values for combinations such as waterlern (/1:0//a s p )  and
ssatenhvac inth. waterh yac inth and Valli.sne ria s p.. I’roghit and Pankwmr . and is aterhyacinth and
spatterdock ( .Vup /zar sp.). indicate that they could he discriminated from one another. Black-and- is hitc
infrared film with yellow , red, and i nfrared filters and color-IR film is ith a yellow filter appear best for
the above discriminations : color film with a ha,e filter was marg inall y adequate for discrimination in
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Table I
Aquat ic Plants from Which Spectral Reflectance Data Were (‘ o llecled

Date Location Organ ism /Feature

September 1975 Florida Waterh yac inth. alligatorweed . Irogbit . wate nlern . tapegrass .
pickerelweed . hvdr illa. pennvwort . green algae. cattails .
water  paspalum . Euras ian watermi lfoil. salvinia .
spatterdock . waterlettuce . egenia . associate d water

September 1975 New York Waterchcstnut. associated water

September 1975 Louisiana Waterh yac inth. coontail , cahomha. hydn illa, associated water

October 1975 l exas Waterhyacinth , alligatorweed. associate d ssa mer

J uly 1976 South Carolina Egeria. ssaterp n imrose . waterlil y , assoc iated water

September 1976 Louisiana Waterh acinth (living and dead). American lotus , egerua.
frog hit . duckweed . hvdnilla . Eurasian ssatermi lfoi l .
panicum. associated water

so nic cases (e.g. water hvacunth and spatterdock . and f roghit and Pani uwmm).
Ihe results of the model studies suggest that in almost all instances (in clear ssa ter conditions . it

a ppears feasible to detect the presence of both submersed and emergent aquatic plant infestations ss ith
readily ava ilable film—filter combinations. In some instances specific comparisons of certain species dii
not appear to create an optical density contrast of sufiicient magnitude to alloss d iscrim ination of tine
spec ies from another. However , there are also instances is-hen available f i lni -f i ltercomhi nat ionsappea m
to  he quite capable of allowing discrimination among certain aquatic plant specie s . es pecially emergent
or floating ones .

Ihe ability to discriminate among plant species based on image tone does n(it necessarily imply the
abilit y to identif y a specific plant species ss ithout some additional mnformatioti. such as a prior
knoss ledge of poss ible species for a given water hod~ or grossth pattern s of a particular plant. ( ‘learl~ .
attributes of plants other than spectra l properties must he considered. namiiely pattern and ussoemat is e
properties. Fhese properties are more difficult to quantif y than spectral properties sitice the~ ire more a
suhjecti’ e impression than an easily measurable entit y .

Field Studies

To confirm the model pred ictions and to establish further the ability to acquire information oti
aquatic plant spec ies extent and composition isith aerial photograp hy. a number of f ield studies s~ene
initiated. The field studies consisted of acquiring ground truth data and aerial photographs of selected
water bod ies having infestations of a variety of aquatic plant spec ies. ‘lahle 3 lists the i sa ter  bodies

se lected and important aquatic macrophvtes in each. The field studies were init iated is ith the acquisition
of ground truth data and aerial photography at Lake Boeuf . L ouisiana . in Ma~ 1976: l ike I heriot.
I.ouisuana . in May 19 76: and Ross Barnett Reservoir . Mississi ppi. in April 1976 . ( m ound truth data and
photograp hs were obtained at Santee— Cooper Reservoir (Lake Marion). Sout h (‘aro lina. in .Iul~ IY ”(
the aerial photographs were ohtained from light aircraft with hand-held 35 mu d 70mm cameras I he

film—filter conihinations used ssere based prima rily on the results 1)1 the model studies and are listed in
table 4. A second ground truth and air-p hoto surs e~ was accomplished at I ike Biteul. I o u msmana. I ake
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Table 2
i’abular Summar% of Results of \lo del Studies

.x

~~ ~~ ~~ 
~~~ ,~~ ~~

~~~~~~~~~~~~~~~~~~~

_ _ _ _ _ _ _ _ _  ~~~ 
; 

~~~~~~~~~
- 

~~ ~~~ ~~~~~~~~~ _ _ _

Water x x x x x x x x x x x x x x x x x x
%~atcrhvacinth x x x x M x x x x x

Froghit 0 X X M

Waterfern

1 aI (isner ia

Hvdri l la M 0

Coonta il M
Egeria X x M
Pu-

0 M
h duckweed M

II iga torsseed

Spatterdock X 0 M X X

[)uckweed X 0 M X X
American l.otus 0
Pa nii’unm

Naiad X
Waterprim nose

Cahomba

Note: Blank comparison not made: X discrimination possible w ith at least ofle of the film types
co nsidered: \1 discrimination marginal: and 0 discrimination ho t  possible.
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Table 3
Remote Sens ing of Aquatic Plants , Field Study Sites

Mean Depth Area
I.ocation m 

- 
km2 Important Aquatk ~iac rophntes

l ake Boeul’. louisiana 1.0 to 1.5 7 .0 W a t e r h~ a c i n t h , !2geria. duc kss eed ,
w ate r n ie al . A men icati lo t us . is bite
is ater l  dv . yel low isater li lv. I rog hit .
Panicupn

L ake Iheniot . l.ouisiana 1.0 to 1.5 5.2 !-I u d r i l / a . is- a t e  rh acun th .  E urasian
ss atermi ll oil, yelfois water li l~

Ross Barnett Reservoir . 3.7 121 .5 Naiad. pondweed. ss-atersh ield. Anienicani
\1 ississipp i lotus. coontaul

l ake Mar ion. South 6.7 447.6 Lm,’eria . ssaterp n imrose. naiad
Carolina

[‘heniot . Louisiana, and Ross Barnett Reservoir, Mississippi , in September 1976 to examine late-season
or mature-growth-stage conditions. A full-coverage air-p hoto mission of the Santee-Cooper Resers oir
was designed and a request made to the Aviation Division, Georg ia Army Nat ional Guard , to execute
the mi~sion during the month of October 1976. A mission covering the upper portion of Lake Marion at
a scale of 1:10 .000 was flown on 18 November 1976 , hut these photographs have not \‘et been receised
and analyted.

In addition to the detailed work conducted at the three test water-bodies , high-altitude (acquired at
a scale of 1:120 ,000 w ith a U-2 aircraft ) aerial photogra phs and Landsat imagery hase also been
acqu ired. These images are being used to determine the relative quantity of information available on
high-altitude imagery with respect to the information available on the low-altitude. detailed phot (ms It is

env isioned that high-altitude photographs or Landsat imagery ma\’ provide a viable means of survey ing
large areas although the information obtained will be less specific than that available on lois-altitude
photos.

Figure 3 shows examples of the low-altitude aerial photograp hs of Lake Theriot. Louisiana.
obta ined in the field studies. Features evident on the photos are a canal entering the lake (near the top of
each photo), an area of marsh vegetat ion (upper half of each photo). and an area of water heav ily
infested with hydrifla with some local infestation of waterhyaeinths (lower portion of each photo).

Examination of the photographs in Figure 3 shows that the color-IR film with a yellow filter
(Figure 3a) produced t he best discrimination of the submersed hydrilla from areas with no hydnilla
(ma inly t he canal and its extension into the lake) and the raft s of wate rhyacinth. The color film (Figure
3h) shows the raft s and fringe areas of waterhyac inths vc1v well, but does not produce much contrast
between the hydnilla-infested areas and the open-water areas , although the hydr illa is detectable. the
black-and-w hite infrared film (Figure 3c) was underexposed hut did produce good contrast between the
hydr illa-infested areas and open water. The waterhyac inth rafts are detectahie on the image hut not Ils
wel l as on the color-I R and color images (Figures 3b and 3c . respect ively). The panchromatic film with a
red filter (3d) shows little contrast between the hydnilla-infested areas and the open-water areas: the
areas of water hyacinth were readily apparent. Of the four film-filter combinations shown , opt ical
dens ities of (a) 1.04, (bi 0.81. (c) 0.85 . and (d)  0.46. respectisely. were pred icted for hvdnilla versus
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Table 4
Film-Filter (‘om binations t sed at Each Study Site

Location Date Camera Film Filt er (sL

Lake Boeuf . louisiana 15 May 76 Hasselblad (‘olor-IR 12
Panehromatic 47

58
25

Color — —

AI pa Black-and-white I R 12
25

Cofor-IR 12
17 September 76 Al pa Black-and-wh ite IR - -

Pol*
25

Color- IR Pol
12

Plus-X Pan Pol
12
25

Ektachrome-X - -

Lake Theriot . Louisiana IS May 76 Hasselblad Tri-X 47
58

17 September 76 Alpa Black-and-white IR - -
P01
25

Colo r —IR P ol
12

Kodacolor II - -

Plus-X Pan Pol
12
25

Ektachrome-X - -

Ross Barnett Reservoir . 2 1 April 76 Hasselblad Color-IR 12
Mississi ppi 47

58
Plus-N 12

25

Alpa Kodacolor II - -

PIus-X Pan 12
25

Ektachrome-X - -

(Cont inued)

* Polanuiing.
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Table 4 ((‘ onc luded )

Locat ion Date (‘amera I’ j im 
- - 

Filter (s)

Ross Barnett Reservoir . 10 September 76 Al pa I’ lus-X Pol*
\1 iss ssipp i I ’ol + 12

I’ol * 25
(‘olor— IR l’ol

I’iil 12
12

Black-and-white I R - -

Pol
Pol * 25

25
Ektachron ie-\ - -

Kodacolor II — —

Lake Mar ion, South 2 1 Jul~ 76 Alpa Black-and- ishite IR Pol

Carolina Pol * 25

25
Plus-N Pan Pol

Pal + 12
Pol 25

Ektachrome-X - -

Color—I R Pol
Pol + 12

12
18 November 76 Color Ha,e

Color-JR 12

* Polarii’ing.
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waterhyac inth. ‘I’hese relative values are not inconsistent with the s ubjective esaluat ion of the
photograp hs. except for the re latise ranking of the black-and-white inf rared (c) and the l’lus- .\
panchromatic film (d). l’he optical density contrast values predicted for the fi lm—filter combinations
shown for hydrilla and its surrounding ssater is-crc (a ) 0.4 1 . (h) 0. lb. he ) 0.68. and (d) 0.05. A ga in, the
relat ive order of contrast agrees with predict ions is ith respect to the co lor— lR and color films.

The ground truth data and low-altitude photograp hs at l ake Boeuf , l ouisiana. resealed that t he
areas of waterhyacinths and the areas of duckiseed ssere easily distinguished from each other on color-
lR (with yellow filter), black-and-white infrared (ss it h red f ilter), and color photograp hs. (‘ontrasts
between duckweed and waterhyac inths predicted by the model using reflectance d:ita obta ined in 1976
is-ere shown to be, in order of decreasing contrast salue s . color ( 1 .69). color- IR isith a Wratten 12 filter
(0.99), co lor-)R with a haze filter (0.95). panchromatic ss ith a Wratten 58 f i l ter (0.57). panchromat uc
with no filter (0.46), and black-and-white infrared with an 87(’ filter (0.40). Because the isaterh~acinth
and duckweed populat ions at times covered the isater surface , t he areas of submersed plants (most l~
eger ia) were not always detectable. ‘I’he waterh yac inth infestations had an obvious cloning pattern that
resemb led the patterns of ’ cloning seen in molds and bacteria gi oss ing on agar plates. On reflection t his
analogy is probably not too inappropriate , for t he processes producing the tis- o phenomena are quite
s imilar even though the scale is different. The similarity exists probably because reproduct ion of

introduced aquat ics is almost totally vegetative, resulting in a spread outward from a central locus. .~!~ he
similarity between molds and bacteria on an agar plate and plants grow ing in an aquatic environment is
part icularly striking in low-altitude photogra phv( l000-2000 ft). Time has not been sufficient to examine
all of the images in detail for pattern characteristics , but t he evidence to date indicates that groisth
patterns may be helpful for identification of some species .

Examination of the low-altitude aerial photograp hs at Ross Barnett Reservoir . Miss issippi.
revea led that color-IR (with a yellow filter) photographs best showed areas of submersed naiad(.Vaja .s
sp.). The black-and-white infrared film with a red filter also allowed identification of naiad infestations .
Though no radiometric measurements were taken of the submerged naiad at Ross Barnett . a s imilar
spec ies was measured at Lake Marion. South Caro lina. Using these data, the model predicted best
contrast w ith color-IR film with a Wratte r. 12 filter (0.72), fo llowed by co lor-IR film with a haze filter.
The model predicted adequate contrasts with other film-filter combinations as well - black-and-is-bite
infrared with an 89B filter (0.7 1) and color film with a haze filter (0.63). The presence of watershield . a
floating-leaved plant , was eas ily detected on color film as well as on color-IR film.

Examination of the low-altitude photograp hs of the Santee-Cooper comp lex revealed that co lor-
IR film with a yellow filter gave excellent discrimination among areas of submersed egeria. areas of
waterpr imrose (Ludwigia urugua u ’ensis Camb.), and uninfested water areas. Color photogra phs also
allowed easy discrimination of waterprimrose (from water) and some identification of areas of egeria.
Black-and-white infrared film with a red filter also provided good discrimination of areas of egeria from
water as we ll as from areas of waterprimro se. ‘l’he model predicted the following film-filter
comb inations to yield detectable contrast betsscen egeria and waterprimrose . based on reflectance data
co llected at Santee-Cooper within 2 days of photographing the test sites , in order of decreasing contrast:
co lor film with a hate filter , blac k—and—white infrared film with an 87C filter . co lor— I R w ith a velloss
filter , and color-IR is- ith a haze filter.

[he results of the low-altitude aerial photograp hy examinations are consistent isith the results of
t he model studies and demonstrate the ability of commonly asailable photographic systems to obtain
information concerning the extent and composition of aquatic plant infestations. I’or example . t he
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resu lts of the model studies sutiimari,ed in lahfe 2 shois- that each of the organisms for is-hich spectr a l
ref lectance characteristics is-crc analyted could he distinguished f rom its surrounding water by one or
more o f the film- filter combinations considered. F meld exercises supported this prediction. Smnnilar ls.
isaterhyaeinths is-hen photographed with duckweed cont rasted markedly in tone. whereas tonic
discrim ination between waterhyacinth and spatterdo ck was not nearly as distinct. t h e  field results, in
summary, essentially agreed with model results in relative intensity of contrast.

Figure 4 shows an enlargement ofa port ion of a color-IR high-alt itude aerial photograp h of l.ake
Bocut. lou isiana. [he photograph represents cond itions in October 1974 , when signif icant infestations
of nutilerous spec ies (egeria . water hyacinth. and duckweed) had occurred. the presence of aquat ic
plants us eas ily detected on this Image. Cursory examination of high-a ltitude color- IR aerial
photographs for l.ake Ther iot(Figure 5) revealed an ability to detect Eurasian watermilfoil infestations.
and Imagery of Ross Barnett Reservoir (Figure 6) s howed the ability to detect watershield ( Bra.senia
Se/i re heri Gmel.) infestations.

Figure 7 shoss s a photographic enlargem ent of a band-7 (near-IR) Landsat image u I  the upper
portion of ’ Ross Barnett Reservoir in Apr il 1976. Comparison of ’ th is image with ground truth data for
the same t ime reveals that areas of watershield appear to he evident on the image. l.andsat hand-7
imagery of [.ake Bocul’. Louisiana (Figure 8). shows obvious evidence of aquatic plant infestations
exh ibiting mans image tones, indicating a possible ability to obtain additional information. Additional

Wt L t Q W  ~~(D MA P L E ,
AND BAC CHAR IS

FLOA TING- I  (A V iD  “ L A NT S . F’RINCIPALLY
~~A T(PHVACIN7I~ AND DUCK WEED

I ~‘t i r ~’ i ( ‘ t , Iu , i ’ l I ’t  Ij imili ’ , ihi j i i , ui t .’ i t  I’(i iiiIIi Ii) ph~ mutua.iph ’ . ,i I ~~ H,tt.’iii , I
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Figure 5. Rlae k’und— ic h u e  ur mt r ir ed tmig t i—aImi m udt.’ i t .- . u~ii .iHiu m m l pho1~~~rip hs tul Luke I he rs ’ ’  - L uuu s uanj

ssor k skill he performed ssit h the I,andsat images itt  digital for m at t o d r - lmnc thL- m l  or ulm ati o mi ,i \a i l .ihlL on

I ,andsat mmager ~.

FUTURE STUDY EFFORTS

Presently, mu ch emp hasis is being placed on detailed interpreta tion and ami d~ ses of t he du f f  t.- mei i t

ty pes of imagery acquired front the field studie s . -\ caret ul comparison ss ill he mitade among the spectr a l .

spat ial. and assoc iati se properties of the m nd m s dual urnagt.’san d t hie,~s s t t c i u m e s l grou n d t r u t h  i n f o r r m t m t t u m i

I he results of t his e f f o r t  s~ill he a def ini t ion ti the unf ormnatuo n gathering ca pa hu lit~ tt l  cac ti sensor t~ pt.

( i .e .  to obtain intuirmation eoncern imig theco mii posit uiin and ex te ml of aqm ua l i t .’ p lam mt m m i f e s t , i t u o t m s l  both I i

det am lcd and regional scale irif omniat ion,
Side—luiokmng radar ssas mentioned pres iousl~ is a potent ial  regm om i: i l s lur ’ e~ too l. \ radar ima ig im ug

mission of the W uthlacoochee Riser Bis it i. h- lon ida (i t m c lm id i i m g Rtsdm a n Rt.’scr l i t  I, amid the mi ca irom ~
I uk~ Apop ka to Orlando . Florida . h is  heemi planned: a requ est or i ts e\ t .’ cut u i imt  has been su bmitted t o
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t he 363rd lactical Recontiaissance Wing. - 
- S. Au -  I’orce I actical -\ir (,‘omiiniatid. Sliass \ ii l uirce Ba’e.

South (‘aro hina Ihe side—looking radar umager~ is ill he obta ut ied is m th the \ \ -\ h’Q 1112 s~ mit het ic

aperture s~ stem t hat cos ers a ground ssl at h of approxum atef ~ 2(1 miles la m cacti f l ig ht path and has ,m

reso lution of approximatel y 50 ft . -\ previous stud s conducted for N \S -\ h~ t he I mis uran meti tal

Research Institute of Michigan demo nstrated the ie asihulmt ~ of obsers rig large areas of I luiatung aquatic

plants using a se r~ so phisticated and experimental radar s\ stern . I lie t - S. - •t i i l ’u m rce S~ stein us a m m iom e
operations—oriented system in that it has been used fur many ears as the standard radar imaging s\ stem
for - \ ir Force reconnaissance missions . High—alti tude aerial photographs u t  the studs at c - u s ss ill he

obtained to aid in eva luation of ’ t he aquatic plant unfo rm iiat ioti ~usaul a hle (in the s ide—l usuiku m i g m a da m

inn agerv.
I he aerial photographs obtained for tt ie Santee— ( ’uioper Resers uui r S~st emii ssill he used as i t t

ex am ple of a large— sca le field test fo r usmng aerial photograp hs to determine the ex temi t  am id co mlipos it ma i m
of aq uatic plant iti le s tat m on s in a large ss ater hod~ .Th() square t i imles . I he pho mog m .uphs vs ill he
im iterpreted to delineate areas inhabited h~ undus dual ( mna f i i r )  pIano species am id the resu lts f i eld c he c&s ’Lf

for s c m  i f uca t i o r m .  \ secot id aeru al —p li istog raph mission user time S ami t e e — ( slo per t.’ t tmn p lc\ us sc lme d uu l t .’J Io m
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I lit. f oIlos ~— oii s so t ’k u t uvo l ~t.-s t hr design am id i m im p l t . ’ t imc n t a t i t im m u I  in i ’ f f e c t m s r  p mot.’c duit.’ I i  ( t ’ rps
t.f m s t i  cm l mLrsum ~nt.l to .m c q uu mt.  m ’ap ’ ll~ tIL-L’du.’d iiu lum i ’n ia tu ot i  c ot u c s - r m uut i g  the i.-\It.’ iut at id c ui m i i p ss sut mon at
.iqu.itme p lat it  u t i l es ta tmo ns  v ia  av a i lab le  i- cu b Ic venison tec hniilog~ - I his ma~ ins uu is c desek pm mm et i t ~
som mie autot uate d interpretation pracedures for use v.uth h u g h—altitude amid satellit e imagery f uim rapid
sums  eul lat ice of s ei~ large areas and detec t mo mm of potential problemru areas. In a ddut m um n. the re lat ive cums ts of
t he avai lable pro cedumes and the resources necessar y for their unm p lcm net ita t ion s vill he examined. It us
cm iv sm ut ted t hat ses eral large—scale field programs. such as t hat described I or t lie Santee— (’ ooper
t.’otnp le’s . vs ill he plat it med and utn p lenienited t o  gain practical insig ht m lii e l f ec l t s  t.’ m ie ss iii the techniques .
t u~ md en ti f ~ items requiring additional develop m ent, and to ef fect  a technology transfer to potential users.
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DATA MANA(;EMENT SYS1’EMS IN TIlE AQU ATI(’ PL AN T
(‘ONTRO L RESEARC H PRO (; RAM

by

J. A. Par ks*

the key to research is data , and the degree of success assoc iated with that research depends largely
upon the quality, quantitY , and form of t hese data. It is important , therefore , t hat the management of ’ the
data be performed as an organized. eff icient operation requiring a minimum amount of ef for t .  Iii the
Aquatic Plant Control Research Program . we are designing amid imp lementing the use vi data
management systems that are simple enough to describe and explain easily. hut comp lc\ enough to

contr ibute sufficiently to the solution of a vs-hole spectrum of aquatic plant control related problems.
both immediate and long-range.

[he design and deve lopment ofa data management system that will serve as an ci t ’ect uv e instrument
in conducting any research begins in the preliminary stages of the establishment of the proj ect . since such
a system is a cooperati ve effort of personnel involved in all levels toward the comp let ion of a specific
researc h endeavor.

I here art. three elements i i i  any data managctnent 55 stem . i nch us a separat e ei i tmt \  : hoss -

t.-’. er. all are interrelated and dependent to some ex tent upon one another. I he f i rst  oh these is t.I ,tta
collection , the initial mntroductioni of the data to the ss stem. I his area us pr mt iia rm ls the re spo nsmh ii i ts at
the sc ientists and technicians who set guidelines about what data are to he measured, what sa mpling
procedures are to be used, and w hat degree of precision is necessary to effect reluahilit and validity in the
data and in recommendat ions resulting from t he data. Overlapping part of this area is the second
element , data storage. wh ich is the responsibility of the data coordinator, who wo rks out ol the
Water s-sass Experiment Station (WES ) off i ce.  Included in this element are such tasks as designing and
furn ishing forms and formats for t he data collection , perform ing necessary editing operations. filing.
cataloging, making dec isions pertinent to storage media, acting as controlling and coordinating center.
and attending to related tasks. As a result of the first two elements , the third element , data retr ies al and
dm sp las . ex us t s  I he data coordinator communicates vs uth the “user” of the data and supp lies vs hales I, r i s

nLccssars to help hint get his oh done. this ma take a s-ar k-Is 1)1 formiis . a fes ~ of vs huch arc grap hs . maps .
charts, tables, and data in a form to be used as input to other computer activities.

These three elements serve as an outline of the progressive movement of data from the source ( i .e.
f ield sampling, literature search . etc .) to the hands of those people is-ho analyze , man ipulate, and
exam ine them before drawing conclusions , formulat ing solutions , and providing opcratlon.s vs,t h
methods to set about controlling aquatic plant problems.

To devise and maintain a workable data management system , live valuable components should he
considered:

a. Precision
I,. (‘orrect torm
e. (‘ompleteness

* \t ,uthermm ,uuit. ’ us n , .s-9uaIlc I5 Iant R~ sc1urt. ’h t manct i . l-nv urs,n,ne,mmal S\ sme nis I ) iv 511th . \ltthiIii~ anti I mis iII’nh,ie!Ir.II 5\
I ab.srato r~ . t S \ rm~ I ngmnee m S.%’at c rsas s I sperinieni ‘s i Ihi lO f l . 5,t.ksI’lti i~.’. \ I Is ’~Is’ .t p p I
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d. Timeliness (scheduling)
e. Suff icient identification for adequate reference and cross-reference demands

Presently, t here are tour research efforts in progress under the guidance of the Aquat ic Plant

Control Research Progra m , and eac h requires its own data management sy stem. Because the efforts are

ve r~ diverse in plan and purpose, a unique system for each must be designed based upon t he individual

spec ifications determined by the characteristics and requirements of that particular effort.

DATA MANAGEMENT SYSTEM FOR LAKE CONWAY TEST

The Large-Scale Operations Management Test being conducted at Lake Conway, Florida, is a

project that offers the opportunity for developing a data management system characterized by the

ab ility to respond to requests and demands for data from innumerable sources, and simultaneously

prov ide valuable information pertinent to the solution of a particular aquatic plant problem. In dealing

w ith a project of this size in terms of data storage and retrieval, it is imperative that the initial step is to

estab lish strong lines of communication among the contractors , data coordinator , and users of the data.

Once this is accomplished, the design of the system can be set in motion.
Figure 1 shows a diagram of the basic flow of the data through the system designed for the test at

Lake Conway. Field data forms have been designed for each type of data and are in the process of being

tested, refined, and improved in the actual data collection environment. Completed forms are sent to the

coordinator who performs some basic editing on them before having them punched into computer
cards. The punched cards are input to the computer where programs and routines do further editing and

then store the data in the appropriate file where they reside until needed. As requests are made, the

FIELD DA TA FORMS

EDITING PROCEDURES

PUNCHED INTO
COMPUTER CARDS

1-ugu re I - Diagram of’ h-as ic tlois of data through the system (or the

l arge-Scale Operations Management lest

DA TA INPUT TO COMPUTER
AND STORED ON DISC FILE

/~/

DATA RETRIEVED AND
DISPLAYED
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DATA CATEGORIES

W A TER QUALITY
SEDIMENT QUALITY
ZOOPLA N KTON
PHYTOPLAN IcTON

I-ig iuie 2 li .11.1 s . I l ~~t~t I I e s  i tu l  ibm I .u rge -” e.ule i upmi.um i uuut ’ , BENTHIC INVERTEBRATES
\ I.tn.ugetuue rim t es i PERIPHY TON

FISH
W ATE RF OWL AN D BIRDS
MAMMALS

A Q UATIC VASCULAR PLANT S

retr ieval system is put in operation , and data are output accord ing to specific requests of the user .
Figure I tends to leave the impression that the entire procedure is quite simp le, when actually it is a

comp lex mechanism incorporating several data sources , mult iple computer programs and specialized
techniques, and a large number of personnel moving in many different directions. To fully realize hois-
intricate the syste m is. several members of t he diagra m can he examined singularl y.

Field data forms are designed for each category of data (Figure 2): these categories were established
in the planning stage of the test and prevail throughout the data system. Figures 3-5 show the sheets that
compr ise the data forms for z.ooplankton. Ihis same basic design is used for all categor ies: hut
parameters , size of va lues, and number of items required et’i’ect differences in the forms’ appearances.
These designs are the result ofdiscussion .s . exc h ange of ideas , and sometimes compromise between those
involved in data collection and those in data storage and retrieval.

As the forms are received by the data coordinator , there are some rn’nor editing tasks that are
performed. These are ve ry simp le procedures , such as check ing to see the form is the correct one and if all
the sheets are present , check ing legibility , being sure all data are numeric , etc.. and do not directls
involve the data values. From this editing. the forms are submitted for key punching: and after the cards
are comp leted, sorted, and given a final check, they are input to the computer.

The procedures for storage are separate computer routines, one for each data category. These
routines sort, select, and store in a predetermined file the data contained (in these cards, and these data
rema in in this position until called out. Successive sets of data in the same category are stored one after
anot her on a removable disc file, creat ing a useful data base. At present there is one removable disc
dedicated to the Conway project , w hich represents available storage for 24.883 .200 characters.

Retrieving items of information from the data base is not a complicated process , hut to make
ava ilable a wide selection for display ing the output and results , a number of computer rout ines and
programs are required (Figure 6). ‘l’here are decisions about the most effective means of presentation.
and there is quite a lot of time and effort dedicated to planning and programming so that the user
rece ives a product as quickly and efficiently and in as great a quantity as satisfies hint .

DATA MANAGEMENT SYSTEM FOR LAKE CONCORDIA TEST

A research effort oriented in a different direction is the test being conducted using several biological
contro ls on waterhyac inths at Lake Concordia , f.ou isiana. ‘l’he scope of this test is ver y limited and
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DA TA STORED ON
DISC FILE

/F 
/

/ ‘1/ j  /

i/  ‘y

DATA RETRIEVED AND
PRESENTED AS:

MAPS

GRAPHS

INPUT MEDIA FOR
VARIOUS COMPUTERCHARTS ACTIVITIES

TABLES

Figure 6. Flow diagram of log ic for retrieving and dis p lay ing data

demands a management of data not nearly as complex as that at Lake Conway. A simple diagram
depicting the flow of data through this system is shown in Figure 7. Data are measured, recorded, and
edited by the technicians at the field site, and are then transferred to data forms compatible v .’ith
computer card punching techniques. After cards have been punched from these forms, the cards are
input to the computer where the data are stored in a file, easily access ible at any time through the time-
sharing mode using teletypes and remote terminals.

In this test , the types and number of data items sampled are limited and so far have been used
pr imarily for graphic presentations and as input to standard statistical routines kept in the computer-
user library. However , there are numerous other methods and means available to present these data
using computer programs, some already written and operable, ot hers to be written, express ing
spec ialized use of the data.

WHITE AMUR STOCKING RATE MODEL

The conception and development of the stocking rate model were the result of a need of the test at
Lake Conway for computing the number of white amur that should be stocked in the lake to attain a
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( FIELD SAMPLING AND EDITING

I
TRANSF ER OF DATA TO COMPUTER
DATA FORMS

COMPUTER CARDS PUNCHED 1

DATA CARDS INPUT TO COMPUTER
AND DATA STOR ED IN TIMESHARING
FILE /

‘
~~ ~ -~ / ~ 7- /~~~1/

_ ///

( DATA RETRIEVED AND DISPLAYE~j

Figure 7. Diagram of data ftovv through
t he systen m for test condu cted at Lake

Concord i’.i . Louisiana

designated level of control of hydrilla without disrupting to any dangerous extent the equilibrium of the

ecosystem present and to accomp lish this within some predetermined length of time.
Data management plays a two-p hased role with respect to this research effort. On the one hand.

there are data to be used as input to the formulation of the model and to the establishment of the initial

conditions prior to stocking: whereas on the other hand, there are data to he produced and output in a

var iety of forms as a result of the calculations in the model.
Figure 8 is a diagram of the logic of the model. It is comprised of six relations and the interrelations

of these. Data are needed to verify and suggest modification for these basic relations as well as to

establish the existing conditions of the lake’s env ironment.
Graphic presentation of the time history of what effects the fish have on the amount of plant

biomass in the lake is an effective method for reviewing the output of this model. ‘rhe graph in Figure 9is

an examp le of one segment of a data set output by a single run of the model. From this examp le the user

can derive trends, perform comparisons with similar data sets , and put together a complete picture of

several related segments.

DATA MANAGEMENT FOR MECHANICAL HARVESTI NG

A final area of research requiring its own specialized type of data management is that involv ing

harvesting aquatic plants with mechanical devkes. The Aqua-Trio system is a means of aquatic plant
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HARVES TE R RECORD

DATE
STARTING TIME
ENDING TIM E
LOCATIO N
LOAD NO.
TIME TO HARVEST LOAD (MIN: SEC)
DISTANCE TR AVELED TO HARVEST LOAD (Fl)
TRANSPORT ER HOOK-UP (HRS-CLOCK)
TRANSPORTER NO.
T IME TO TRANSFER LOAD (MIN: SEC)
TRANS PORTER UNHOOK (HRS-CLOCK)
RESUME HARVEST (HRS-CLOCK )

Figure tO. Data parameter s related to
the mechanical harvester segment of

t he Aqua-Trio system

control that is a time-dependent operation, and there are numerous parameters that reflect this fact.
Shown in Figure 10 is a set of parameters related to the harvester segment of this operation, and there are
similar sets for the transporter and truck , revea ling those parameters pertinent to each mechanism,
From the collection of data, each load can be traced from pickup by the harvester to deposit at the
disposal site by the truck , and this information can be displayed as tables or charts , w hich can then be
compared and analyzed. From these comparisons may come indications for improved operation or
suggest ions for modification to the harvesting scheme.

CONCLUDING REMARKS

These four efforts exemplify the great diversity that is a reality in the data management systems
required in aquatic plant control research. Each involves tremendous effort and time and the
part ici pat ion of a large number of peop le. Although the individual characteristics require specific
planning, design, and adaptation, there are four criteria prerequisite to achieving success that are
common to all of them:

a. Realization and understanding of the importance of an effective system.
h. Coordination of all phases of development and use of th e system.
c. Appreciation of each member of the team and its contribution to the overall objective.
d. Cooperation of all concerned.
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SUMMARY COMMENTS

by

W. G. Shockley *

The meeting this year involv ed representatives from more Corps districts than we have had in the
past. We have also heard and seen a wider spectrum of prob lems with aquatic weeds. ‘Ihis type of
commun ication is what we hope to establish through these m eetings; it helps us in the research area to
determ ine which way our researc h should go in order to be mor e responsive to needs in the field.

One t hing has been very apparent in the presentations and that is that , except in a few isolated
instances , current met hods are not very effective in controlling aquatic weeds. The problem is very real
and it is going to get worse before it gets better.

I w ish to thank every one for the papers that have been presented at this meeting, the l i v e l~discussions , and t he genuine interest that everyone has shown in wanting to solve the problem. I
especially want to thank Bill Rushing for all the effort that he expended in setting up this meeting: let ’s all
give him a round of applause.

* Superv isory Research General I-n gi neer . (‘hid . MohiIit~ and Environmental Sys tem s I ahoraiorv . I - S -\i nls I nginder
Wa ter may s Experiment Station . (‘ I. V ic k s hurg. Mississi ppi
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