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PREFACE

The work described in this volume was performed under Contract No.
DACW39—76—C—0076 between the U. S. Army Engineer Waterways Experiment

Station ( WES), Vicksburg, Miss . ,  and the University of Florida , Gaines-
ville. The work was sponsored by the U. S .  Army Engineer District ,
Jacksonville, and by the Off ice, Chief of Engineers, U. S. Army.

This is the third of eight volumes that constitute the first of a

series of reports documenting a large—scale operations management test

of use of the white amur for control of problem aquatic plants in Lake

Conway , Florida. Report 1 presents the results of the baseline studies

of Lake Conway; subsequent reports will present the annual poststocking

results.

This volume was written by Messrs. Roger Conley, Eldon C.

Blancher II, Floor Kooijman, and Charles Ferrick and Di’s. Jackson L. Fox
and Thomas L. Crisman of the Department of Environmental Engineering
Sciences of the University of Florida.

The work was monitored at WES in the Mobility and Environmental
Systems Laboratory (MESL) by Mr. R. J. Theriot under the general super—

vision of Mr. W. G. Shockley, Chief, MESL, and Mr. B. 0. Benn, Chief,
Environmental Systems Division (ESD), and under the direct supervision
of Mr. J. L. Decell, Chief, Aquatic Plant Research Branch (APRB), ESD.

The ESD and APRB are now part of the recently organized Environmental

Laboratory of which Dr. John Harrison is Chief.

Director of WES during the period of the contract was COL J. L.
Cannon , CE. Technical Director was Mr. F. R. Brown.
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LARGE- SCAL E OFF .RATIO N S MANAG~~4ENT TEST OF USE OF THE
WHITE AMUE FOU~ CONTROl. OF FROBL1~ AQUATIC PLANTS

BASELINE STUDIES

The Plankton and Benthos of  Lake Conway , Florida

PART I : INTRODUCT ION

1. In recognition of the need to supplement the traditional chemi-

cal and mechanical techniques of aquatic vascular plant control , the U. S.

Army Corps of Engineers has Increased its research support of the study

of biological control agents. The largest and mo nt comprehensive st udy
of the efficacy of the white amur or grass carp (Ctenophar~~godon idella)

as a weed control agent is being conducted at Lake Conway , Florida.
2~ Florida, with its long growing season and abundance of fresh

water and nutrients , is plagued by aquatic weeds. Lake Conw~ey typifies

the weed problem found in an urban chain of lakes in Florida . Further-

more, the physical characteristics of Lake Conway facilitate the con-

finement of the fish within the study area. Lake Conway is ~t 750—ha

system of five connected pools south of Orlando (Figure 1). In recent

years, Hydrilla verticillata, a submersed aquatic vascular plant, has

formed thick growths in several areas of the system . Vallisr.eria and
Potamogeton, also submersed vascular plants , are additional nuisances in

this particular chain of lakes. The Lake Conway system has a small water-

shed with few inflowing or outfiowing streams. The shoreline is heavily

urbanized and unlikely to change much in the future.

3. The overall study has been designed by the Corps of Engineers

to assess the’ impac t of the fish on the weed population as well as on

nontarget biological , chemical , and physical parameters. Originally , [
limnological data were to be gathered for 1 year prior to the introduc-

ti on of the fish and for .~ years after stocking . The prestocking in-

vestigation was extended several months longer than a year to allow the

hatchery—reared fish to attain a greater size . The grass carp was

3
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introduced in September 1977. Poststocking monitoring is in progress

and will continue for at least 2 years.

14. This report contains baseline data on the phytoplankton , zoo—

plankton , periphyton , and benthic invertebrates collected from April

1976 to August 1977. Other groups have been assessing other parameters

for roughly the same period of tiri~~. These include the University of

Florida ’s Center for Wetland~, which has been collecting productivity

data and constructing systems models; the Florida Game and Freshwater

Fish Commission (fish, aquatic birds , and mammals); the Florida Depart—

ment of Natural Resources (aquatic plants); the Orange County Pollution

Control Agency (physical and chemical parameters of lake water and

sediment); and the u niversity of South Florida (herpeto—fauna).

5. The grass carp is a large (up to 50—kg) cy-prinid fish that is

herbivorous as an adult and consumes great quantities ot aquatic weeds. H
It is also an exotic and will be the largest fish within the system.

The objective of the study is to assess the impact of the fish on

selected nontarget groups of plants and animals.

6. The consumption of the macrophytes by the fish might cause an

increase in nutrient availability to the algae. Because algae, both

periphyton and phytoplankton, have rapid growth rates and respond

quickly to fluctuating environmental conditions, they are sensitive

indicators of a lake’s biotic response to such changin.~ conditions.

Zooplankton are important both because they eat algae (thereby influ-

encing density and relative species composition ) and because they are

in tur n eaten by fish and invertebrate predators. Most fish are depen-

dent on zooplankton as a food source at some stage of their life cycle ,

especiai y as fry.

7. Benthic communities (plant and animal) are also an important

component of a lake ecosystem. Periphyton in Lake Conway may not only

contribute significantly to the primary productivity of the lake but

also serve as food for littoral invertebrates. Periphyton is favored

in Lake Conway because of the availability of large stands of aquatic

inacrophyte surfaces to serve as substrata for growth.

8. Surveys of benthic invertebrates are also sensitive to changes5



in water quality. They are ~ocd indicators of dissolved oxygen stress

because they are fairly long-lived (compared to plankton ) and are found

a t or near the bottom where low dissolved xy~ on is most apparent.

Because they are a major component of the d1t ~t. of fish , the composit io~
of the benthic invertebrate commun ity can influence higher trophic
levels. Thus, the planktonic , perlphytic , and benthic communities aro
of great importance in lakes, and many typ~ s ot~ ecological changes can

be detected and documented throug h t h t ~ir study.
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d i ; L u : r e t  t m:: using a U n i t ,r o n i  in v e r t ~e -1 microscope . The taxonomic keys of

Pr escot t  ( l~) ( O ) ,  P a t r i c k  anti Reimer ( lu ( .( 1) ,  and T i f f a n y  and Br i t ton

l~~~2 ) were used t .o aid in id e nt i f i  cui t .  ion  •

17. Tn addi t ion  to th e- t l l : I : ; : :  :; .l id .  ramjr les , perlphy’ton were also

collected from the macrophytes at.  each of the six locat ions,  A plastic

bag was lowered ovor cacti macrophyte sampled and fastened . T u e  state—

rial  enclosed wi th in  the lnt~ wit: ; t h eir c l ipped f ree  from the root, :; or

remaining part :: and preserved i n  a 5 percent solution ot neu t ra l i zed

t’ormalin .  In the laboratory , tile surface area of’ the macrophyte parts

wut: :  determined by placing a piece of transparent  plast ic  graph “ pape r ’t

over the  plan t uinc l  then estimat i njt  the area covering the plant mate r ia l .

The p1 t in t part -s were t i u ’ r r  placed in a Waring blender and homogeni 7,ed at

h i t l i r  speed for 5 minutes . The m i x i n g  dispersed t ir . -  a t tached periphyton

Into solution and made micro :: t’op ic i d e n t i f i c a t i o n  and cour it in ~ possible.

The technique used followed that descr ibed earlier for the ~ia:;r :— l i d e

regrowt h counts.

18. The surface ti re -u i  to net wei ght rat io was determined for

F’otamogeton, Vall isner ia,  anti N i  t o f u .  C in c e  t ir e  F lor ida  Department of

Natural Ho: ;our ua- :; Iran determined the bl omnia s anti a t - er t i  d ist r ibu t i o n  of

the macrop hyteit in each pool , t h i s  r a t i o  wil l  enable the calcu la t ion  of

comparable pe r iphyt on  data for the en t i re  lake system .

Benth Ic Macro invertebrate  Sturiplen

19. Duplicate bottom sample:: were taken bimonthly at ‘1 ::tuit ions

( d i : ; t - i - i b u t e d  over the i ’i v e  pools of tire Lake Conway system ) by mean s

of a pet 1 I ’ -  Ponar grab (sampl i ng  area , 0. 05 f t ’ = 0. 0O’~~ rn ). Samples

were s i e v ed i n  the fi eld through a I t . S. Standard No.  30 u ; i ove

- .
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(U . a) 5—mitr mesh) turd fixed Itt 5 percent t’orrnalln with rose benga l . The

ilye ;;tnilns the livIng organisms Just prior to death and makes it easIer 
4

t o  Sec and pick t i re ’ o rg iu r  I our:: from tire de tr i  t ao  and sediment In the

sample. After i n set .  ha g , the organism:; were ’ t ransferred to ethyl alcohol ,

. ‘Xeun i i re d  i n l c m o o t ’is~ I eally ( magni Neat  t o r i  7 to 200 x )  and counted and

i dent It l cd  ( general ly to spec i t ’ ; ;  level ) u sing  tire ’ keys of Pennak (1953) ,

i’ .L I1Tti~i i4 I : k t u t  t, I ‘ ‘ ) , Beck ( 1 ~) ( t .  ) , and F fr inkhur s t  ( l9iIr ) , among others .

P1 vera it I e:; W c - i ’e ’ o t t  l o u l  i t t  cat us ing Shannon—Weaver ’ a formula (EPA 1973) .
To 1. -i  . -u - in i u r ~- b i cmt t sa , the  :;amplc- ; ;  w. - r t ’  t r an s f e r r e d  to water and le f t

f s r ,‘1~ ; t t r : : t o  L’ ’ u u r t , ’ r ’ ;to t the de ’hy d’’at . j o u r  of t i re  organisms in  alcohol .

I t i u t i i t i g  w a t  .- u - wti : :  then u - .’nro ved and Ut. ’  wet w e igh t s  were determined .

rite :0 511 14 I c ’s wer e- In  i ’d i t t  l~0°i’ fo r - P.’ hours rind inc inerateil  at 550 °C

t o m  1—I/C Patti’ :; t a  i t i t i a dry w. ’i g u t s  and ash—free  dry we i gir t  it ,

i’ e ’ s 1 c ’ t ’t . i v t ’ l y .

10
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PART III : RESULTS AND DISCUSSION

Phy’toplankton

20. Phytoplanktori cormnrmities were very diverse , especially during

spring and sunnier. The Shannon—Weaver di’v rsity index (EPA 1973) was

usually over 3.0 and often exceeded 14.0. The seasonal distribution Of

individuals among major taxa averaged for all pools is sho~m in Figure 2.

During most of the year green algae (Chiorophy-ta) were dominant. The

greens comprised roughly 30 percent of the total during most of the year,

while blue—greens varied from 10 percent during winter 1977 to about 70

percent during summer of that year. Diatoms (Chrysophyta,

Bacillariophyceae) were fairly constant (15 percent) but tended to be a

slightly greater fraction of the phytoplankton occurrence in late spring

or early summer. Cyclotella stelligera, a centric diatom, was the most

100 ‘ s - ::’: : :- .a. - ,- .- . - . - - , -~~- , -.- - :~~~~. ; . . - - -: — ,- , — ‘. . ‘.• - -  -

DIATOMS

80

CRYPTO P HYTES
~ 60 BLUE - GREENS

20- 
__ _
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-‘-—----‘-- SEE ENS ~~~~~~~~~~~~~~~~=-

~~~~~~~~~~~~~~~i
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~~~~ ~-r~’~~ r~~

’
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1976 1977
Figure 2. Seasonal distribution of phytoplankton,

major taxa averaged for all pools
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predominant diatom , but two pennate forms, Achnanthes minutissima and

Synedra ruxnpens, were also common. During winter 1977, Chroomonas

minuta and two cther cryptomonads were abundant , The remainder of the

algae included Pyrrophyta, Euglenophyta, and nondiatom Chrysophyta.

21. The species listed in Table 1 are those that composed over 10 
4

percent of total algae in samples collected before August 1977. Green

algae were clearly dominant. Although this group was characterized by

a great number of species (over 110), a majority of these species were

represented by few individuals at any particular time . On the other

hand, blue—greens were much less diverse (approximately 140 species) with

species tending to be common when present.

22. Figure 3 shows the average monthly abundance of phytoplankton

for the Middle and West Pools. Both pools displayed highest abundances

2 •

- • WEST POOL
0 MIDDLE POOL

0
o 2
2
x I’

-J

I /
p

/
\ p... /

/ \ /
_
•Q\

/

: 1  I I I I I I

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG

1976 $977
Figure 3. Average monthly abundance of phytoplankton,

Middle and West Pools
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in m idsumm er and late fall 1976. Density was low in winter but rose

again in late summer 1977. This seasonal pattern is similar for all

pe~1s but substantial differences in abundance between pools were ob-

served. Lake Gatlin and the northern pools were generally found tc be

more eutrophic with larger algal populations than the southern pools.

The relative size and, to a lesser extent, the timing of phytoplankton

peaks differ between pools. The fall 1976 bloom of algae was the

princ ipal yearly peak in all pools but Middle, where maximum abundance

occurred in spring 1976.

23. The maximum algal abundance was in fall 1976 for most pools

and was due to blooms of filamentous blue—green algae (Oscillatcria

limnetica, 0. angustissima, Lyngbya limnetica, and Spirulina laxissima ).

The blooms were due to the high nutrient concentrations associated with

the late fall breakdown of lake stratification . The lake thermally

stratifies during the summer. The temperature change rarely exceeds 1°C

per metre of depth , but summer water temperatures often exceed 30°C at

the surface. At these high temperatures greater density differences

exist per degree than is true for cooler more northern lakes and result

in more stable stratification for a given t l~erma1 p r of i l e .  Hypclimnetic

oxygen deficiency was evident in July and August of both 1976 and 1977.

Nutrients released under anoxic conditions become available in the

photic zone when mixing occurs in the fall. Algal blooms do not occur

in the spring as in some northern lakes because Lake Conway is monomic—

tic (one mixing per year) and is of sufficiently high temperature

during the winter (minimum surface temperature around 13°C) to remain

well mixed.

214. Another potential source of nutrients in the fall is asso-

ciated with the dieback of large populations of submersed aquatic macro—

phytes. Very little is known about this relationship at present , but

the receding plants are often covered with dense populations of pen —

phyton, especially such filamentous genera as Spirogyra, Ulothrix, and

Oedogonium. The increased importance of these genera during this

period is suggestive of nutrient release from vascular plants as an

important process in nutrient dynamics.

13
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25. The phytoplankton are of rather low abundance and h i g h

diversity , The :;pecies present are common for central Florida and indi-

cate a large variety of green algae (including desmids) , which are oft en

considered indicators of oligotrophic conditions. The lak e has gener-

ally high transparency with a Secchi d i sc  read i ng of 14 to 6 m in winter

and 1.5 t a  2 in in summer . Nevertheless, signs of eutrophy are also

c learly In evidence; namely, large macrophyte populations and fall

blooms of blue—green algae.

Zooplankton

C ( .  To date , 6 copepod , lie cladoceran , and 23 roti fer species

have been ident i fied from Lake Conway (Table 2 ) .  At any particular time ,

2 t o  14 : ;p t ’C it ’ : ;  o f ’ copei’c’ ls and cladocerans and 1 to 3 rotlfers were en—
countered . ~Tharinon—Wt’avcr diversity In the individual samples was low

to 2.Irr ) when compared t o  t h e ’  phytoplankton and benthic inverte—

brate i-o i ul ;tt Ions . However , low zooplankton diversit .y is characteristic

t ’or F l or i d a  (Nordlie 1976) and North America lakes in general

(l’ennak 1)t - ,’).

2 ( .  Al l  of ti-re -iooplankton species encountered during t h is  study

(Table 2 )  have been collected from ca t . l r t ’u ’ Florida lakes ( N o r d l i e  1Q’(t ;

‘ - l i f e r  1 1(1; Mas] .ln l ) t a ;  ( ‘owol 1 et al . 1 1(5 ) .

~~~. Areal abundance o f ’ total zooplankton ft -u ’ the Conway system Is

1 re ’ ; ; t -n t ed  in ~‘igu r f ’  14. Generally zooplankton abundance numbered 10~
i n d i v i d u a ls  per :; lu n r o  metre of surface area for  all pools. Generally ,

an i n  - n c r : : . ’  In  numbers was observed from :nsr r t . t r  to nor th  through the

pools ( Table ~) .  Seasonal t u -end: ;  were evident w i t h  greater abundance

o f ’ an imal s occurr ing  d u r i ng  the warmer m o n t h : ; . W i t h i n — p o o l  v a r i a t i o n

was grc ’a tt oot  i n  Lake G a t lin .  ‘rhis pool di sp l a y e d  some of the h ighes t

and l owest ,  abundances of any pool measured . A preci pitous drop In zoo—

plankton numbers was noted in all pools from May through July of 1977 .

This  decrease may be a t t r i b u t e d  in part to increased predation or de-

c reased fot i supp ly du r i n g  that period.

C ). All three major groups of zooplankton considered in t h i s

lie
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Figure ~~~. Areal abundance of total zooplankton , Lake Conway system

Investigation were present in significant numbers in all pools through—

out the year . For illustration, abundances and seasonal trends of cope— -
•

pods, cladocerans, and rotifers  are presented for the West and Middle

Pools of Lake Conway (FIgure 5). Abundances of copepods and cladocerans

thr oughout the system were on the order of 10~ per square metre ,

whereas rot ifers generally ranged slightly lower from (10 ie to 1O 5 
~

, -u ’

square met re ) ,  reaching peaks of ~o6 per square metre in some pools.

Distinct seasonal trends were not evident for all groups , but generally

hi gher abundances were noted in spring and early summer.

30. In comparing 17—month averages of areal abundances of the

major ta,xa in each pool , some interesting trends develop (Tabl e 3 ) .

Copepods composed over 50 percent of total zooplanktort in the South and

15
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Figure 5. Abundance of major taxa of zooplankton in
Middle and West Pools
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Middle Pools , w i t h  cladocerans and rot i fers of decr easing importance.
In the East and West Pools copepods, cladocerans, and rotifers were

codominant . Fifty—three percent of’ the total zooplankton in Lake Gatlin
were cladocerans.

31. A zooplankton community represents an equilibrium of growth,

reproduction , competition between individual species for available

resources , and predation pressures. Opportunistic species with high

rates of increase are favored in rapidly changing environments while

others utilize strategies which are adaptive in more constant conditions

(Al lan 1976). Rotifers and cladocerans have short life cycles, are

rather unspecialized feeders, and develop large transitory populations.

Copepods, on the other hand, exhibit longer life cycles. Highly

eutrophic lakes are usually dominated by small herbivorous zooplankton

( rot ifers  and cladocerans) ( Hrabacek et al. 1961 ; Brooks 1969 ; Cowell
et al. 1975) whereas oligoti ’~ phic systems are typified by large popula-
tions of copepods (Al lan 1976). The decrease in numbers of copepods,
evident as one moves nort h t hrough t he pools , is assoc iat ed with an
increase in trophic state. A concomitant rise in cladoceran abundance

~s indicated but seems to lag in the East and West Pools. Perhaps a

larger increase is not observed due to increased invertebrate predation
in these pools.

32. Total zooplankton in eutrophic lakes number on the average 14

to 5 x iü~~ organ i sms per square metre or greater (Patalas and Salki

1973; Cowell et al. 1975) and range on the order of 1 to 2 x lO~ organ-
isms pe r square metre in oligot r ophic lakes. Total abundance of zoo—

plankton in the Lake Conway system ( approximately 2 to 14 x lO~~ per
square metre ) is comparable to that of mesotrophic lakes in general .

Periph,yton

33. Production (or net recruitment ) rates calculated from the

6—cm and 1—rn glas s slide regrowt h data for the five pools have been ex-

pressed in terms of dry weight (Figure 6), ash—free dry weight (Fig —

ure 7), and chlorophyll a (Figure 8) .  The values were determined by

17
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d l v i  di  r.~’ the p r~imt- t tv el i i  omrrci ; t y  the I r i Ul  i t t  ~ en t imt- in dity~
F r - v m e t  i -r i  wac  m r i ~ - } i t - c t  dun r i g  t l i t -  summer mori tho and wue  g r t - a t  or t } ‘ e i rg l —

-ut t h e  v t a r ’  en tIn- 1—m sl ides , presumably due t o  p h o t e i r i h i b i t i on  il l

e em. The -~ - e i i t  ~reduet ion  occurred during the  w i n t e r .

The iii gh summer i roduc t en values ~t r ~- caused lv h i gh  el u.1 i i —

t io n s  - I ’ l - i u e— g r t -er :  algae , ol ’ wh c i i  the most abundan t in J u ly  191e wt - r’ i-

~rict v~t 1 i runetica , I.yn~ l~ - it t i  i j ii ~- t  i c r i ,  O sc i l la t o r i a  1 i r:rir- t icrr , arid

~ i vothr ix  c r r i  c i  ccl i t  ( see Table 14 )  . The fa l l  and w i n ter  € -r i  l iy  t e n ,

especial ly at t cm , were  dominated 1-:- dI a toms , wliicl . included A : r ~~u i t h t - ~
i nut I ii Ian ,  C y n t -dra  r umj-ens , Cyc  lo t  - 1.1 a stelli gera, and species of

Nay I culni . i”veri dun r i g  t lie fal l  arid w i n t e r , however , t h e h lue— gr’e t i r i c

coa l-coed 31 and 9 percent , -opec t  ively , of n e  to ta l  nor  i r h n y t  c i i  
~~~ 

ru—

h i t  ion.  The blue—croons incr ’eaeed in  abundance and per ’ct - r i t  composi t  ion

durIng t r i o  ~
•- ~ r’ I r ig  and aga iii ccm~ ri cod the predominant  gr ’oup in  t he :~ u —

m ci’ l-)1i :a’ri phiyten . Coo i l i i t o r - i nt h imune t i ca  and O s c i l i a t  or i :t ~omhi- utit

w~-r~- the ins-c abundant spec icc in ~uiy l~)71 .

35. Peri~~hy t on coocies  d i v e r s i t y  at 1 m was hi gher t hat at t cm.

~ie-~- t -v -n ’ , d i v e r s i t y  n i t  both depths exhibi ted  s imilar  censorial t r ends .

Di~~erci  ty decreased from July lQ7t -  t o  January 197 1 and fa i l ed  to ret urn

t o  i t s  July l ilt- level by the fol lowing summer.

3h . Average perip iryton abun dance on macrophytes i s  shown in

ure 9 . ~-~n tx i r r iwn numbers occurred during t ine fall (7 1 11 per square mil l i -

m e t r e ) .  Blue—green algae (Cyancphyceae ) wt - r t -  dc-a i aunt on macn’o lhlytes

throughout the year ( Table 5 ) .  P t a t  ems re ach ed  t he i r  h i gh e st  numbers

d u r i ng  the fal l and w in t e r , hut n ever  r t -n ic h e d the propor t ion of t i r e

total  that t h e  did on the  glass  s l ides.  Also un l ike  the  sl i d e  gr ’owt h ,

the proportion of green algae exceeded t h e  p r e p or t  i on  of diat oms in t h e

fall of l°77.

37. The fall peak of ep ip h y t i c  algae observed may be a response

t o  n u t r i e n t s  released by dy i ng or dead macrophytes.  During the s p r i ng

and summer , when the macrophytes Ire growing rap idly , p e r i p h i y t o r i  pc i -u—

lations ntr ’ e lower . At  t ha t  t i m e , however , phy-toplankton p o p u i n i t  ions

are h igh .  Thus , n u tr i e r  l im i  t o r t ,  1 on and shading are nid di t ional  f ac t o r s

which  act to keep per’iphyton levels low i n  the spr ing and summer.

21



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

- ‘- - —- - - .-

10.5 —

MACRO PHYT ES

9.0 —

7,5 —

7171

-4
~ 6.0 —

>
0

w
LIz
.4
0z —2) 4.5
.4
-J
-4
I-
0
I—

3~0 —

2620

1773

1.5 —

1041

0
n~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_  _  _-

~~~~~~

JUL ‘76 OCT ‘76 JAN ‘77 APR ‘77 JUL ~77

SAMPLiNG PERIOD

Figure 9. Total abundance ( average for the six
stations) on mnacrophytes

22



38. Species diversity of the macrophytic periphyton was usually

greater than 14.0  throughout the year , about a unit hi gher than the H

divers i ty  found on glass slides ( Table 6 ) .  This higher diversi ty is

a ref lect ion of the greater age of the epiphyton and the resulting

ecological s tabi l i ty. Colox~izing ecosystems , such as those on glass

slides , generally have lower diversity that do mature systems .

39. It is apparent that periphyton growth on glass slides does not

adequately reflect natural periphyton populations. Although most of

the species found on the macrophytes also occurred on the slides, large

differences in abundance and dominance occurred at most sampling sta-

tions throughout the year.

140. The growth on the l—m slides more nearly approximated natural

growth than the periphyton on the 6—c m slides. With the exception of

Oscillatoria splendida, most of the observed species were able to

attach to slides at both depths. However, physical extremes at the

water surface (high t emperature , hi gh light intensity, wave action )

clearly af fec ted  growth there. No consistent d i f ferences  were observed

between the epiphyt ’e communities associated with the three species of

macrophytes.

Benthic Macroinvertebrates

141. A total of 75 taxa of benthic macroinvertebrates have been

identif ied from Lake Conway . The most commonly encountered taxa are

listed in Table 7. The organisms are distributed over a wide variety

of groups , including groups that are commonly associated with unstressed

environmental conditions , such as bryozoans (moss animalcules) ,

trichopterans (caddis flies) and zygopterans (damsel flies). Other

groups, such as the tubificids (sludgeworms) and many species of

chironomids (midges ) have a much greater tolerance for environmental

stress and often occur in highly eutrophic waters (EPA 1973). But the

trophic conditions of a body of water are usually judged by the pres-

ence or absence of environmentally sensitive species rather than by

the occurrence of species that will tolerate a wide range of habitats.

23
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142. Because great faunal d i f fe rences  exi st .  between deep and shal-

low areas of the lake, results have been graphed separately for the  114

shallow s ta t ions  (less than 3 m deep) and the 7 deep s ta t ions  (more

than 3 m deep). Plant growth is generally absent from deep stations ,

sediments are highly organic , and bottom dissolved oxygen values are

usually much lower than at shallow stations . All of these factors

greatly inf luence  the invertebrate fauna.

143. Figure 10 shows the average monthly densities of macroinverte—

brates for all pools combined. Densities at shallow stations are

generally about twice as high as at deep stations , and major seasonal

fluctuations are evident . Densities at both shallow and deep st a t i o ns

reach a maximum during late fall or winter , while minimum values occur

in late s ummer. A similar trend was present for the average number of

species per sample (Figure 11) and species diversity (Figure 12). On

the average , twice as many species are present in samples from shallow

II ,000~
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Figure 10. Average number of mac roinvertebr ’ates per square metre
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s t n t t .  i errs as deep sta t . ions. A~ so , t he number of spec j os  reaches a

maximum in winter and a in i n  imum in  late summer. iii gh wate r  t emperatures

in summer niece I t  - rat e l  m i e robi al decompos i t .  ion  of o rgan ic  h-I  t ’ I tus re-

sul t i rig In low di :nn; - .1 ved oxygen vu 1 n o n ;  r n - n i t ’  the cool i rma-mit . These do—

P resin’ d ~xvgerr love In ; ~ i m i t  t 1 - abundance and spec icc of henthi o in—

v cr t c b r : t t , e n n  0 a l Ot i t  I t -  oh  n n U r v  I ving under t h OSe I ’n V ronumien in  I t ’ond i t !  on~;

In add! t . ion  several Itie t -c I spool i-s nrm ~e absent. from summer samples

it e cn r i i n ; e  they emerge i n  ct -ri r i g r ind e x i s t ,  as f l y i n g  a d u l t s  d u r i n g  tire

summer pt-r i c~1 . D l i ’ t ’e m a - m i t ’ i -n ;  between shallow and deep s ta t-  i on ;; may ni l  so

lie explained .1 a p-am’ t by t ’nv i i’ enmt - n r t . a  I corel  i t - i  ot is . The higher sediment

organic content at deep s t n i t .  o r e , coupled wi t - in  lake s t - m i t - i f i c a tl on  dur-

ing su mmer favors a r eduet ion I a i l l  n ; s e l  veil oxygen . Fi m i i i l y  , greater 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  -~~~~~
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Figure 12. Benthic macroinvertebrate species diversity

abundance , species numbers, and diversity of invertebrates in shallow

areas may also be attributed to the preference of individual species

for the habitats there (sandy sediments , aquatic macrophytes, etc.).

14)-r.  Biontass is graphed in Figure 13 for shallow areas and in Fi g-

ure 114 for  deep areas . About 75 percent of ’ the wet we igh t  and 60 per-

cent .  of’ the ash—free dry weight is accounted for  by gastropods and

bivalves , w h i c h  are much larger and heavier  than t i n t -  other taxa ot’

benthic  macroinvertebrates .  These m o l l u s k ; are l i m i t e d  t o  t ine  shal low

nirt-ac itmid are r io t -  u sually foun d in  saxnpl es from dot -p are as . The Ponar

grab is not ties I gned to sample these larger’ organ j ; -.mnn -. a cc um ’ ni t . i- I y

There t ’o me , many of the large fi  inc t i i r t t .  I cmi ; ;  I a ta- t  ii  g m ’ a p h i n ;  are due I o

wh e ther  on ’ r io t -  mol lusks  were p r’ t - c t -  m i t  i n  ii p a r t i c u l a r  s t - r i  en ;  o f ’ sa r r r p l e n ;

(~enera1ly , average h i  cm;rss per ;; ju ; Lma  met re  i 5 approx I a n t I  c i  ,~‘ 10 t I - -

h ighe r  Inn  ;;h ;i .1 h e w a r t -nt ; t b r ain i n  t t -ep nu’,-nr: . Ash ~m n ; t i m r  l y  s l it -  I n ;  of

mol lusk ; ; ) accounts  for  up t o  n i l - o u t  o m i t ’ i r m i l  t’ tim id ash — 1’r’e - dry Wi 
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Figure 13. Biomass of benthic macroinvertebrates
in shallow areas (~~3 m)
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( c r g n i m n i c  m a t t ~ -r ) for ’  about . cit e  t e n t h  of’ t In e total  w e i gh t  . A;; for the

other  p ar m imni ’t  em ’ ;; t hat we mt stud ied , the hi t irmiaSs peaks d u r in g  t’a .l 1 and

w in  te - r and reac lu -n ;  m i  low d u r i n g  s pm ’! ng or summer , imu t. t he large var I a—

t Ions i i i  t h e  mia m i- t m of ’ mel lusks  caught make i t  har d to det-erm i me

exact.  ly when the minima and max i ma occur .

The c omposit I on of the  t e n th ! c invertt-l m’ ; i t ~‘ fauna at shiel low

st n i t  j~- m i n n  i s  shown in Figure 1’ . T u e  t’auna may be d iv ided  into three

major ’  g roups :  ol lgochaetes (slut lgtnworrn s ) ; ch i ronomids  (m i d g e  l a r va e ) ;

arid a group ci ’ all the  other species  ( o t h e r  ins t -c t  larvae , crustaceans ,

arid f l a t -worms  ) - D u r i n g  t h i t ’ cooler’ prirt  o h ’ the year  , em it ’ h i of these

g m’~-up ; ;  c t - m n n p r ’  I ses about one t in  i i’d ci ’ t lie t o t .  mi l  fauna , but . from I mite

apr Lag t o  t ’mtu’ i y  call , c h I  r ole—Inn Id ;;  and c-i l I goohae%.e ;; mte i ’c- un t . fo r ’  up t e

~ii ~ pen’ t’ent o t’ t h e  t o t a l  . ~ pt -o len ;  I rom tht- ; ;e  two groups  are known to i t -

;n o r t - tolerant of tine adverse environmental conditions of summ er.

Z CHIRONOM IDSw

40 
_ _ _ _ _ _  - 

-
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Figure 15. C o m p o s i t i e m i  of h e n t h i c  macroinve. tehn’ate fauna at
shallow s ta t ion s (<3 ni)
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‘ l I n e  r i - f o r t - , n t ; -  l i i i ’  ;;n~ ‘li st-li ;; It I v i - or ’g; t r  can in e - i  ~-pe mm n’ ~Iun’ I n ig I bi t - wni  mmmi

,; e;icoti , ci i g o c t n u t -t  en; mini - h c l i i  m ’ om i onml i ~1; ; l c h i  i i ’ V O  11 gi’ i - a t  e n’ m a- intl i V i -  1 ‘ mm ; i —

m i ruici - (al I b n -uohn t in’ In’ n i l ’ m ; ~~1tr t  e n u m b - e m - : ; h- - ‘ I I i r t ~ - A t  ol i ’i ’p i cmi; ;

cure  I n ’  t i n t -  t r end i ;; n ; o r n i i ’~ ’ h i n i t  d i  I I i ’ S - m i t l l i n’ t ’ the m cii i ’ or ’ “ ‘1 hen’:;”

i s  c~- mn ~ ’~- n ; t ’d fl n a j m i l \  of S l i t ’ ;l’e~’ 
i t - ; ; , t b n m i - t ’~’ r n s -  ; i i  1 i i ’ ’ , - ~‘ In ;i mi t cmii mm ; i

It  sh e ‘b  e; ; — t’c u r m i  n ;g c m i  1 ,\ i n tbee p m i m i -a; . 1; ; o ;~~— a m n  h em;; mnn i ,c ’’nit i— n ; \‘i -rI i—

om it Lv i in t lit ’ ~ n iI ~
- u’ cci nnn ,,ni ni t ml l i i  1 ~‘ fei -1 - ‘ m ; ;

~- - i- 1 ;nnk I cii mi m i i ;; I

i’~- m a- m e - I ~~~ ‘ m m ; ! ’  I e t t ’  ty ~I t - t ’mille n i t err ~1 i n -  ;;~~- I v t -~I c x v c i n n r e -n i ; -  t Ia’ t~ - I I em;; ; ; ‘ ,f —

ae mi t m m . Thus , i t  I ; ;  ;ih  I c  I c  ; ; i l n ’ V  iv e  \ -e r v  et m’ i ’ : n ;f;il t’oniii t erie n i t deem ’

:1 m it jo in: ; cv i-ri l’ i~f t i - n ’  I h a m ;  t i  I g~e’tn ;i et i - m n  n L n i i clii r a— ml -mm; i i:; . ‘ ‘ b i  ;; . - ‘_~~‘ I a I i i : ;

why  i t ; ;  m’ cl:r t i v e  a t i ; r n d a ; n ~’ c inc m - e m t - ee -s dui ’ lag :~;nt ;;j -n’ wh - ;;  com ’ ; ; ’ ; l r i - l  t o  I hi ~

~-t b a r ’ I wo gm ’cnnj’ . .

m ’ . ‘liii’ 1 1 I ’c - h i ; ;  I or j t n ;  oh ’ I ret i v I h i n t  I ;; h i -c i t - n ; t a ’  V i  - I I  i~ S;; i - n i l

an’’’ oI’t ~ i; r m i , b  I e;i 1 1  \ di t’i’i —n’ennt I’m’cmnn t i n . ’ ! mc -ni ~l.- ; i ’ I he t of m l  1 c ‘ ;: :‘ - i t  \ 

“ ‘:- ‘- ~~~ ‘ _ -_ _ ‘ :‘ ‘~~~ -

OTHER

$976 1977

Fij -~i nra -  I I - . t ’~’m ;npo: ; I t  I cmi ~‘I ’ b e nt  lii o ; m n ; i c m’O I U\- & ’r t  ei’~ ’n u t  t ’ t n i i U i ; i  n i t

e t t ’e i’ m t n i t  011 n 1, mm ;
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~~ I
In general It can hi ’ said t hat Lake Conway suph cr ’t ; ;  a varied faun a du r—
i m ng meet  of’ the year I i n c l u d i n g  man y environ ment al ly s e n s i t i v e  n ;i’e”iee ),
vii i It’ only during the sumnien ’ m o n t h s  are cond i t t  Oil;;  stress ful en ou gh I
impose limitation ;; en the numbers and specie;; o onmi p c; ; i t  i on-i ci ’ benthie
invertebrate;;.
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PAWI’ : V : , .Mj u~’t A N h  n ’~ ’N~~~ 
‘ .~ - N . ’

~.‘ n’ . in  gi ’ m n t ’ r ’ n i  , I h i ’ p l ank ton  and t-i ’ r n t t n~ - :; m i m e -  t ,v 1 ’ i  cmi i ot ’

t m ’ e j - h n i e  F l o r ida  l a k e : : . b ’ t ny t~ - l ’ 1m ’ui k t omt  c onmiwn it i e ;n  m i n e ’ h i v e r e e  vi tb

average den - i: ;  i t  t e e  ;t~’~’n ’ t ’ m e ? i mig ‘tL ~Ot f  t - ‘ i ; t t ) ; f c e ll ; ;  m e - I  m m : ;  l i i i  I m e  - b u m - i  m i g

n;UXTnInen’. Blue—green b- I con : ’- w i - r i ’ ol sen ’ V e t  i i i  fall 11 ’ t ’ , I at  I ne ’ : 1-i  ~~i t n ;

iniV c ivel ~~~~ m i t  mis at- , :t  bet i ‘nil ly  i i i ; ! ’  1 e - m t ::m ir; t It ; ;  i l l  t ’ ; i I  r - l  - 1 ; i t ’ 1 m i k e - ; ’. t l imi t

m i m i  lenin ; ~~;i t  c - I hv AI ’h ami I :om ;lt - ni n,~~ \m n ; ll-mti’;n m i , tn ’  Mis m’ oc~~s t I: , li ’ ,- mi n;, e ’  I h ic ; n t

genera o f t  c — ri form a 1 u  1—emm a - ii n :1’ :~c;mm;; cmi t hit - water ;;tim’fat’e — P ’ m ’  i m ’Ly I - n ;

commun t t I es :;how much t be -  n o t m e ’  - n i l  t i - n a n , -: a-,; 1 - b i v I I I  m in k I - m .  i i .  I c -n’;,,

max in ; nnmn n d iv e r : ;  i t  y i n ;  , ; mcm n r ; c - r ; t m ; h  pt ’ak n t - n i m ; . I m i ; ; -  - In fall. I ; ;  m i t  l i t  i - m n ,

m m m i v  oh ’ t he -  ;; I c e—c e _  - m i r e - c -n un ; - mn t c t o t  5 ; m u m ei ;  : t i t ’;; al t 1 - ugh  t h e  ~i ’1 a—

I I V i  abundance;; : t ; e ~ ‘ - f t  en ~u i  t i’ ‘ I I  I ’ f t ’m ’ t - n i t  . ~. ‘o~’ I ; t m ; k I  - ‘ i n m i t  n n n i , I n i ; n , ’ e ’

- iv  c -r ag  t r i g  mi t - t i  I ‘
~~~ ~

-
~~- m ’  1 i t  m ’ e )  and ;‘ pec i t ; ;  S - ‘ ;m: ~ on ’ i t  ; n m i S t -  :; I ml t m ’  t - - 

-

‘

cI l ie n’  F l o r i d a  lak e - : ;  and are t’in a n ’ n t c t  en’  1 : 1  I c  of I h i ’ m mn e - n t n n  ;‘ m i n l g e -  of I n’ c j ’ n ;  ~c

: ;t a t  e~~. o ’ i ’ l a n k t c n i  d iv e r ’ n ; i t y  is .1 .5 t o  1.8 ml ; ;  m i n i  - v e m ’ m t l l  n i v c -I ’ m t t - e ’ .

t i - t n t  h i t ’ mmtcrcinvertehrates have b o t h  t ’ele -t’ m imi t am i d l i n t  ‘~~ t - r a m n t  i m n I i C - i f  ‘n -

cpet ’ I t - ;; ;‘ m ’ e : ; e m n t  ant i art ’ fa i r ly  ol ivt-r ’ee. The bemi t .hi !t’ f- i a;;mt ‘ I i  ~~~

e t ’ fe - c t  s- of ’ :: ;nmmmn t - m’ by Iso I lnnne ’t i~’ ann e x  i a , b -ut t hi ’ 1 i t t  - ‘ n - m t  1 m l; ; ; ; i~tnmt’l ag e  -

n - i - m a i n ; ; ;  fa i n’ L v  di v t - r n ; e .  } c n ~ all of t hose communi i t  le e  t t n t ’ m a ’  i s  ni t - t e - m t , l

dat . ni base t o  m u ~-ow i. - v mt .i u a t  1011 O t ~ t i n e  e f f e c t : -  ‘1’ t i n t - w I ,  1 - - m u r n a m ’  - i n  l ak e

n ’oni w;ty .
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Table 2

~~o 1ankton Collected from the Lake Conway System

~~ ‘i1 1976—August 1977

Roti fera Branchiopoda

ef. Asconnorpha sp. Cladocera

*Asplanchna sp. Alona rectangula

Brachionus havanaensis Alona sp.

B. guadridentata *&esmina longirostriS

B. sp . Camptocercus vectiros~~~~
Conochiloides cf. dossvai’ius *Cerjodapi’tjlja sp.

*Conochilus unicorni~s 
*Chydorus ~p~aericus

Enterop lo;n l acustr i s  Chydcrus sp.

Epiphanes  ci ’ . *Daphnia ambig~ua
Euc h l n m n i e  *DjaphaflosOma ‘brachyu rwmi

Filinia ~2~~iseta ~~~pcryptus sordidus

Hexarthra sp. Latonopsis occidentalis

Kellicotia sp. Macrothrix hirsutoco

*Keratella cochlearis Fleurexus sp.

Lepadella sp. Simocepha1~~ sp.

Lecane sp.
Monostyla sp.

*platyias patulus
Polyarthra cf. vulgaris
Sinantherina sp.
*Trichocerca longiseta

T. m ult ic r i f li s
Trochosphaera soistitialis

Copepoda

Calanoida
*DiaptomUS floridanus

Cyclopoida 
1 ’

~~ç~op~s bicuspidat4i~
*~~~. vernalis
Erg~~ilus sp.
0Mesocyclqp~ edax
*TropocyclO.,PS prasiflUS 

S

* Species frequently encountered.

-
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5 V . ’  n’ ; ;~~ .- A rt -i.t .t Abundance; mind Fercenta~ es of Major

Cc ’ , ’1 I n c m n k f  n - m n  Tax a in the Lake Cc-away System

C c - j o n - c - i a  C i a d o~,m e r a  R o t i f e r a
- ,, -

________ _______ 
I. No .~ mn % . .~ t ; .j i

~
‘outl. Pool 107 ,938 50.3 69,735 32.ti 36 ,975 17.2 2l14 ,t .l ~’

~‘~idd1e Pool 101,81414 50.t. 56,C9t) 27 .96 143,208 21.5 201,351

East Pool 78 ,367 314.14 62,182 C’(.3 87,I~35 38.14 228,0- 1 ,

West Pool 89,075 31.6 102,089 36.2 90,809 32.2 281,973

Lake Gatlin 90,~ 7O 23.9 201,800 53.2 86,316 22.7 378, tCh

--
5.— —‘— ..~
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Table 5
Percent of Total P e r i phy t o n  Represented by Cyanophyceac,~

Chiorophyceac, and Bacillar iophyceae Collected

fi’um Solec t Macrophytes

- Percentage ‘l’otal Peri ph~ ton *
Station Macrophyte 7/76 

- 
10/76 1/77 

- 
14/-17 7/77

Cout,h Pool Potamogeton i.-5 114 21 (cC 214 114 (c(c 13 21 73 16 11 70 214 0
Middle  Fool 1 Potarnogeton ‘30 18 73 57 114 ‘9 80 13 7 80 13 7
Middle Pool 2 Potamogeton 71 114 9

~ydrilla cC iC 114

East Pool Potamogeton (14 19 17 55 28 17 39 143 18 80 13 7
Vallisner ia  C-C 11 7 145 31 214 147 37 1 (- 140 14’ - 15 (0 20 10
Nitel la  t~0 15 25 55 10 35 147 38 15 (-0 26 5

i~ L t  Pool , I’ o t ,n un i o C et , omi  58 23 10)  59 0 ‘~7 514 33 13 714 17 9
V a ll i r-n e r i a  59 18 23

N i t el l a  51 20 7n) 53 16 31 143 145 17

cC 15 17 58 19 23 62 114 214 147 38 15 71 20

4 * Cyanophycc-nt&- (ri l’;n t’ column), Chiorophyceac (scconij  column ) , anti
Rac ’il la r iophyr t -m u-  ( t h i r d  column ) under each date.
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Table 0

C h m u i n o n — W o m t v t -r j~~~~
t s i’ iex ; 1)1 vet’s i ty 1 t i dex for  I’er i ~thy ton

(‘c l i  t ’ s ’ t . t  - d from Ct- or I. M mu ’ rophy tos

~~~~ 
t’CC Pi V o l ’ ) m l  t~’

S ta t ion  Macrophy t.-e 7/7 t -  10/76 JIlL ~Lt~ 
7/11

South Pool 11 - t, um u-~~’ -cii 14 -o 14 . 30 ‘
~ 
, 143 14 . ~ . C-F)

Mi~ dlt ’ 1’o’.’si 1 I’otamo~~et-on 3.00 s.C- ~.0O ~. 714

M i d d l e  l’ ool 2 Potamoge’ ton 14 .
Ily d ri l la  14 .71

East E’oc’-I l o t  mu m R ~j~~~t .o l I  14 . 3 0 14.20  14 .2 5 ~~. -

Vaiiisneriti 14.00 14,70 14. ~3 3. 05 14. ‘0

Ni tel la 14 •  ‘35 14. lc ~ .77 14~ 014

Wi c t  Pool Potanioge ton ~~. ‘) (  3.  30 14 .22 ~~.

V al i i s t ’Ce ’ l ’ imt

N .i te . I l i t  14. ~7 1 4 ’ s~ 14. ~t-

M - ~I i a ;t  14 .~~0 1 4 .7 ’’ 14 . I c  14.2:  s.C-C



Table 7

Most- Common Taxa of’ l3enthlc Mncro u i v t ’r t ebr n t t - i ;

in  Lake Conway

Turbellaria: Dugenia ti~ rina

Bryozoa: Plutnatella l’epens

Gyr au lu s  ~~- .

Poniacea ~~~
t~ ’.)!) i i’t m~: ;i s  op

Poioi ’ypi tia : Un i or i idae

011 ~~~‘ s c 1 u t c - t . m t  : Tubi f ir  I dac

Pri st ina  breviseta

Amphipoda: Ilyalella mn~tcrm

Det,’apoda : Palacornonetes pa ludosuzm

Odonata: En uJ iagma si guatum

Fpi coi’du I N r egina

Somatochiorn 1’ 1 1 oom~

Tr tchop t o i ’mt :  Le,ptocelia op .

i’ i p t o  ;‘mt Chaohorus j ’uri ’ t i penn is

Procladius op .

Tany,pus op.

Ablabesmyia peleensi

Clii ronomus at t  enua tus

Cry,ptoch i roiiomus Vu I v in m

Polypedi him hal t-ernIe

Oly,ptot.endi .,pcs soul  1 i s

Cladotanytarsu s op.

4-
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In accordance with letter from DAEN-RDC, DAEN-AS I dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications , a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Conl ey, Roger
La rge-scale operations management test of use of the white

amur for control of problem aquatic plants; Report I: Base-
line studies; Volume Ill : The plankton and benthos of Lake
Conway, Flo rida / by Roger Conley ... Let al.], Department of
Environmental Eng ineering Sciences , University of Florida ,
Gainesville , Fla . Vicksbu rg, Miss . : U . S. Waterways Ex-
peri ment Station ; Spring f ield , Va. : available from National
Techn ical Information Serv ice , 1979.

33 , [7] p .  : i l l .  ; 27 cm. (Technical report - U. S. Army
Engineer Waterways Experimen t Station ; A-78-2 , Report 1 , v .3)

Prepared for U. S. Army Engineer District , Jacksonville ,
Jacksonville , Fla. . and Office , Chief of Engineers , U. S. Army ,
Washington , D. C., under Contract No , DACW39-76-C-0076.

References: p. 32-33.

1 . Aquatic plan t control. 2. Benthos . 3. Biological control.
4. Lake Conway. 5. Plankton . 6 . White amur. I.  Florida .
Univer sity . Gainesvi l le . Dept. of Environmental Engineering

(Continued on next card)

Conley, Roger
Large-scale operation s management test of uce nf ‘che white

amur for control of problem aquatic plants; Report 1: Base-
line studies; Volume III: The plankton and benthos of Lake
Conway, F lor ida ...  1979 . (Card 2)

Sciences. I I .  United States. Army . Corps of Engineers .
I I I .  United States. Army . Corps of Eng ineers. Ja cksonville
District . IV. Series: United States. Waterways Experiment
Statio n , Vic k sbur g, Miss. Technical report ; A-78-2 ,
Report 1 , v . 3 .
TA7 . W34 no .A-78-2 Report 1 v .3
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