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INTRODUCTION

The purpose of this report is to summarize the results of a massive

fish tagging operation conducted concurrently with our cooperator, the

biological group from the University of Delaware, to evaluate the use of

Ii the C and D Canal by fish in that region.

- 
- No information existed upon the close-in tagging of fish done in the

- 
Maryland portion of the C and D Canal region. Tags had been applied in

I the past to striped bass and American shad in the upper Bay not far from
• 

- 
the Canal. The American shad was documented in its use of the Canal

(Whitney, 1961). Also, information exists that shows striped bass use

• the Canal in its migration te and from the spawning grounds (Nichols and

- 
~- 

Miller, 1967), but these workers did not tag their fish near the Canal

and did not tag any other species. This work was done to provide addi-

- 
tional information. Species found to be abundant in the Maryland area

1 .  were tagged in large numbers. Some species were few in number, but they

- were also tagged in hope of possible returns. However, only a few of the
- large number of young spot were tagged because they are below commercial

I size and the chance of getting any recoveries would be very limited. On

the other hand, we did tag a large number of small white perch, since

I this is a resident species and they may offer long-term recovery possi-

bilities.

METHODS

I Ii Two kinds of tags were used to mark th, fish in the C and D Canal

I study area in 1971, 1972 , and 1973 .

I 1. The CBL-modified Carith tag was applied to small fish less than

1 foot (254 ma) in fork length . Fish 12 inches F.L. and larg er were

10
_ _ _  
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1. tagged with the Petersen disc tag. The Carlin tag was orange colored.

One of the 2 Petersen discs was orange and the other was white with black

printed return address. Stainless steel wires were used for attaching

• Carlin tags, and a seawater corrosion proof pin was used to fasten the

discs .

While fish of various species were marked at several locations , the

main release site for most fish was at Turkey Point in the mouth of the
- 

Elk River, Cecil County, Maryland.

Considerable effort was expended in all years to retrieve from

7 ,  Maryland fishermen any tags they might have caught. The legend on the

• tag informed the reader who we are, why the fish was tagged, and what

information we needed concerning his catch . Also , our address and reward
- ‘alert ’ was Imprinted along with the individual tag ’s number. Hence ,

I tags were returned from out-of-state locations with good information in

- all but one instance.

I .  Once a tag response was received, a personalized handwritten letter

• promptly acknowledged its receipt and told where and when the fish had
- - been released. Of course, a check for the $1.00 reward was sent and, in

many instances, a reprint of a fishery information leaflet was enclosed.

- A file containing each recapture was generated. It contains the correa-

1. pondent’s response. Our data process method was done without electronic

• data equipment. Several volumes of notebooks containing all information
- 

pertaining to all the tags were produced. Each day’s releases by site

of release are listed therein in sequence of tag number with each entry

release data and recapture information. Each day’s work was termed a

sample and for each sample a summary chart for each species released was

i --_ _-~~~~~~~~~~~~~~~~~~~~~~~
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kept up-to-date with the new informa t ion as it came in to us. These charts

provided the information for the summary charts included here.

- 
~~
. RESULTS

Table 1 lists the species tagged and released by year and suninarizes

the number of recaptures for each . Figures 1 to 26 indicate by numbers

I where each species was tagged and released . Most fish were obtained from

commercially operated stake and drift gill nets . Some fish were collected

by our own beach seines and by the otter trawl net from RV/ORION and RV/

AQUARIUS. The fish were always released at the site where they were caught .

Each fish was only out of water long enough to be measured and tagged , two

minutes at most.

Figures 27 and 28 summarize the length frequency distr ibutions of

• tagged (dott ed bars) and recaptured (solid bars) fish for striped bass and

- white perch , respectively. Both sexes are combined in these figures .

• Striped bass were tagged in all three years, 1971 to 1973. The largest

number of fish were tagged and released at Turkey Point (Fig. 1, 17, and 26),

• with a much lesser number tagged in the Canal, in the tributaries, and in

1 - upper Chesapeake Bay. Turkey Point is the center of gilinet fishing in

F 
the Canal area.

White perch were tagged all over the Canal area and vicinity (Figs. 2

and 18), but the majority was from the two tributaries: upper Elk River and

• Bohenia River.

• Most of the three species of catfishes were tagged and released at

fl upper Elk River and Bohenia River (Figs. 4-6; 20-22).

Releases of all other species are more or less widely distributed over

fl the Canal area.

-— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ________ • _~~~~~~
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1. Rate of Retu rn

During the 3 years, 18 species totaling 9,004 fish were tagged and

released at the capture sites. Percentage recaptures of each species by

years varies from 0 to 50% (Table 1). Nine species , from blueback herring

to spottail shiner , which were tagged only in 1971, had no recaptures at

- 
all. Three reasons may account for this lack of recaptures: the small

• numbers of fish tagged, the small size of tagged fish, and the absence

of commercial fishery for the fish.

• The nii~e species that yielded recaptures are all food fishes and

• 
• 

subject to commercial gear , wh ich is the main source of all recaptures .

- 
The recapture rates of from 8.27. for channel catfish to 27.37. for hickory

shad are fairly good . The recapture rates of 2.0% for brown bullhead and

1.57. for white perch are low. A major reason for these low rates is that

most of the fish tagged for these two species were too small to be re-

captured by commercial gilinets.

- - ,  

- 
Methods of Recapture

Recoveries of our released tags depended primarily upon commercial

• fishermen who recaptured tagged fish and returned the tags to us. Our

own effort in recapturing tagged fish was minimal; it happened only dur-

• 
1mg our regular trawling surveys.

Most of the fishermen who recaptured the tagged fish voluntarily

returned the tags to us. But personal visits by our biologist produced

additional number of tags which would otherwise be unreported.
L Table 2 summarizes the methods of recapture. As can be seen~ corner-

cial gilinets alone account for 592 (95%) of the total 625 recaptures.

In comparison, sport fishery reports only 14 (2%) recaptures .1_i

— 

~
4_• 
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Month of Recapture and T$~m~ at Large

• 1. Striped bass (Table 3). Since 957. of all recaptures were made by

cocinercial gillnetters, it follows that most of the recaptures were made

F during the spring gilluetting season , i.e., March to May . Of the 492 re-

captures , 478 , or 977., were made during this 3-month period.

Nearly ever,’ three of four recaptures (366 of 492) were made in the

same month when the tagged fish were released. The longest t ime at large

was 2 years, when a February 1971 release was not recaptured until February

1973. The complete breakdown of all recap tures by time at large is as

follows:

I Recaptured within the month of release .... 366 74%

- “ in the following month .. . ...... 98 207.

- “ 2 months after release ....... .. 18 47.
- ,  t1 •~ SI ~5 IS . .

6 “ “ 1 27

I 

; :: :: :: : .~~

• “ 11 II SI .... ..... 2 .4%

F 

1 year ~‘ . ... . . . . .  3 .67.

- 2 years “ “ ......... 1 .27.
492

2. White oerch (Table 4). As in the case of striped bass, most of

the recaptures (89 out of 96, or 93%) were made during the March-May

period. The largest proportion of recaptures were made within a month or

III two. The longest time at large was 13 months.

II
• 

_ _ _ _ _  
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Recaptured within the month of release ...... 58 60%

in the following month ........... 29 307.

“ 2 months after release ........... 1 1%

- -  I, ~ II IS SIa

“ 6 ~ II 1 1%
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1. 3. Channel catfish (Table 5). Total recaptures only amounted to 8,

6 of which were made during April and May . Half of the recaptures were

relatively long term. One tagged fish each was at large for 3, 7, 8, and

9 months, respectively .

4. Brown bullhead (Table 6). Only 9 recaptures were made in total:

4 in March-April , and 5 in June-July. Only 3 tagged fish were recaptured

with in a month or two ; one each after 5, 6, and 9 months ; and 2 after one

year at large.

jI 5. Yellow perch (Table 7). Total recaptures were few (6), but

fairly high in percentages (17%) . All but one were recaptured in March-

L. April. All were short-term recaptures - no tagged fish were at large be-

yond 2 months.

• Length Distribution of Tagged and Recaptured Fish

Of the nine species of fish that were tagged and had some recaptures,

only striped bass and white perch yielded any substantial number of re-

1. captures : 492 for the former and 96 for the latter. We therefore selected 
• 

• 
-

r these two species for a study of length frequency distributions of both

tagged fish and recaptured fish.

III

• •
.•-
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1. Striped bass (Fig. 27). The dotted bars represent tagged fish;

and solid bars , recaptured fish . All frequ encies for tagged fish are in

percentages ; those for recaptured fish are in numbers. Relatively a

higher percentage of larger fish were recaptured than when they were re-

leased. This is especially obvious in the May 1972 release. Another

prominent point that stands out is that even though there was a large

number of small fish tagged , no fish smaller than 165 mm (6 1/2 inches)

j was recaptured. Indeed, most of the fish recaptured were 305 nun ( 12

• inches ) or longer . This is because 12 inch F.L. is the minimum legal

size allowed in Maryland, and all gilinet mesh sizes are geared to catch

h larger fish . The few smaller fish recaptured were due to entanglanent

in the webbing by the dangling Carlin tags, which were applied to fish

smaller than 12 inches.

2. White perch (Fig. 28). Most of the recaptures were made by com-

mercial gilinetters during the spring fishing season . This accounts for

the relative absence of recap tures from June to October tagging in spite

Ii of large numbers of releases. The legal min imum size limit for white

perch ii 8 in~hes (203 sin), but a fairly good proportion of recaptured

F 
fish were m ailer thar. 8 inches because of the Carlin tag. The complete

lack of recaptures from the large releases of July 1971 (1,332 releases)

and June 1972 (1,876 releases), and the small returns from September 1971

(953 releases) and October 1971 (842 releases) are difficult to under-

• stand. Perhaps longer term recaptures might be reported later.

Migration Routes and Recapture Sites

FIgs . 30 a-y depict the generalized release locations and recapture

sites for each species. The squares or rectangles indicate the location

II
I n
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L and number of releases . The circles indicate the site and number of
1:

- 
r recaptures. The arrows indicate the probable migration routes.

1. Striped base (Figs. 30 a-h). The generalized release locations

• can ~~ grouped into three: (1) western entrance of the Canal (Figs. 30 c-c, h),

(2) in the Canal (Figs. 30 a and g), and (3) upper Chesapeake Bay off

Worton Point (Figs. 30 b and f). From all three release locations, tagged

• -- fish had migrated in two opposing directions: eastward toward Delaware Bay
• and westward into Chesapeake Bay. One fish vent out of Delaware Bay and

- 
was recaptured off New York. This is the most direct and conclusive cvi-

- 
dance that striped bass use the C and D Canal as a migration route in and

out of Chesapeake Bay.

• The number of recaptures depends heavily upon fishing effort. There-

- 
fore, unl 8ss and until weighting factors can be applied to these numbers

for Chesapeake versus Delaware recaptures according to respective fishing

- intensities in both bays, it would be meaningless to calculate percentage

- recaptures from these areas. The significant point is that striped bass

did migrate through the Canal in both directions.

- 2. White perch (Figs. 30 i-o). The same general inference can be

I 
drawn on the white perch as on the striped bass in regard to migration

routes • Fish migrate in both directions toward Delaware and Chesapeake

bays.

• 

i 

- 3. Yellow perch (Figs 30 p-r). Too few recaptures were made to
- yield conclusive evidence of migration pattern. But aside from the 3

I ’  that were recaptured in Elk River at the release site (Fig . 30r), the

remain ing three all ntgrated westward. Most probably these migrations

F were for the purpose of spawning.

F
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4. Brown bullhead (Figs. 30 s t). The three recaptures in Bohemia

River were made in the vicinity of release site, indicating very little

• migration. However, the recaptures from Elk River releases indicate both • 
-
~

upstream and downstream movements. There was no recapture that indicates

an eastward migration through the Canal.

5, Channel catfish (Figs . 30 u, v). Recaptures indicate a downstream

- movement toward Turkey Point and an intertributary movement between Elk and

Bohemia rivers. No recapture was made east of Welch Point , indicating a
- lack of eastward movement into the Canal.

1.• 6. Hickory shad (Fig. 30w) . All 6 recaptures were made in the

vicinity of release site. The small number of releases precludes conclusion

- regarding migration pattern . Hickory shad is an anadrotnou s species , how-

-~ ever, and it must move extensively.

7. Alewife (Fig. 30x). Again, only a small number of releases and

recaptures are available. The 3 recaptures indicate two that migrated east-

- 

ward toward the two tributaries and one that was caught right at release

site. 
-

i 
1 .. 8. American shad (Fig. 3Oy). Only 3 recaptures were made from 15

F 

releases. Two were recaptured at release site, and one migrated down bay.
- 

9. White c.tfish. There was only one recapture at Welch Point. This

c from a release of two tagged fish at Turkey Point.

- Sussnary and Discussion

L Tagging and recapture studies of various species of fish have provided

[I direct evidence that fish either migrate back and forth through the C and D

Canal or move from place to place within the Canal. The striped bass and

fl white perch were found to migrate in both directions, Other anadrosous

-
U
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species such as the alewife, American shad, and hickory shad are known to

- - 
migrate through the Canal and into the upper Chesapeake Bay or out into

the ocean even though our own tagging and recapture studies failed to

- reveal the entire migration pattern due to limited number of fish handled.

The tagging work performed by scientists at the College of Marine

Studies of the University of Delaware (Ronal V. Smith et al. Appendix IX.

• 

- 
Fish Movement-Delaware Study) does show that all these three species migrate

- I .  - 
from Delaware River to Chesapeake Bay.

- The yellow perch, channel catfish, and white catfish are freshwater

species. While our tagging results indicate only a limited extent of move-

I - ment within the Canal or into the Chesapeake Bay, Delaware’s tagging in-

I dicates that they too migrate through the length of the Canal from Reedy

- Island into upper Chesapeake Bay .

- The brown bullhead is another freshwater species whose movement appears

to bc- confined within a limited area in the Canal system. No definite

conclusion can be drawn, however, since no brown bullhead was tagged on

- 
the Delaware side.

1. The tagging work proves that the C and D Canal provides a migration

- - route for many important food fishes. For anadromous species, the Canal

- means a short cut from the ocean to their spawning grounds in upper

Chesapeake Bay and from the Bay b~ck to the ocean after spawning. The

free movement of other resident species of fishes between Delaware and

1 Chesapeake bays would tend to enhance species diversity in both areas.

It is inconceivable that enlargement of the Canal would have detrimental

- effects on fish migration. Any locking device , if installed, however,

j could alter the migration patterns and det!er the free movement of fishes

through the Canal.

J~1
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Table 1. Sizmnary of all fish tagging and recapture by species. Recapture
data through l4~June 1973.

~II- -

1 1971 1972 & 1973 Total
• Re- Recap- 7. Re- Re- Recap- 7. Re- Re- Recap- 7. Re-

Species leases tures captures leases tures captures leases tures captur

• 
:
StriPed bass 168 20 11.9 1,751 472 26.9 1,919 492 25.6

I White perch 4,323 86 2.0 1,989 10 0.5 6,312 96 1.5

~~
American shad 0 0 - 16 3 18.8 16 3 18.8

~Brown bullhead 397 6 1.5 62 3 4.8 459 9 2.0

~~Channel catfish 76 7 9.2 22 1 4.5 98 8 8.2

Yellow perch 20 2 10.0 15 4 26.7 35 6 17.1

6 0 - 12 3 25.0 18 3 16.7

1.Hickory shad 0 0 - 22 6 27.3 22 6 27.3

‘~WhLte catfish 7 0 — 2 1 50.0 9 1 11.1

Blueback herring 3 0 0 0 0 - 3 0 0

Gizzard shad 15 0 0 0 0 - 15 0 0

• ~~Muannichog 21 0 0 0 0 - 21 0 0

• Golden shiner 1 0 0 0 0 - 1 0 0

I - Striped killifish 2 0 0 0 0 - 2 0 0
- Pumpkinseed 22 0 0 0 0 - 22 0 0

Bluefish 
- 

3 0 0 0 0 - 3 0 0

- 
Spot 39 0 0 0 0 - 39 0 0

Spottail shiner 10 0 0 0 0 - 10 0 0

Totals 5,113 3,891 9,004
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Hi
Table 2. C & D Canal fish tagging studies. Recapture methods; data through

• . 14 June 1973.

f 
• - Species Recaptured by

Coninercial Sports gear Found Our own Catfish Total
gill nets (hook & line) dead trawl pot Unknown recaptures

From 1971 tagging

Striped bass 16 2 1 0 0 1 20

White perch 75 4 3 3 0 1. 86

- • Yellow perch 1 1 0 0 0 0 2

Channel catfish 4 1 0 0 2 0 7

Brown bullhead 2 3 1 0 0 0 6

- 
• From 1972 tagging

L Striped bass 460 1 1 2 464

White perch 9 1 0 0 10

- Yellow perch 3 1 0 0 4

Channel catfish 1 0 0 0 1
• 

- 
White catfish 1 0 0 0 1

Brown bullhead 0 0 3 0 3

Alewife 3 0 0 0 3

Hickory shad 6 0 0 0 6

I ~~erican shad 3 0 1 0 4

From 1973 tagging

• 
- Striped bass 8 0 0 0 8

• Totals 592 14 10 3 4 2 625
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• Table 3. SLmlnary of striped bass tagging and recapture. Recapture data through
• - 1 14 June 1973.

Month of Number Month of Number Total 7.
release released recapture recaptured recaptured recapture

* 
• Feb. 71 29 Feb. 71 1 — -

Apr. 71 3 - -

1. Feb . 73 1 5 17.2
- 

Mar. 71 1 — — 0 0

Apr. 71 54 Apr. 71 6 0 0
May 71 6 - —

June 71 1 — —Dec. 71 1 - -
- Apr. 72 1 15 25.9

July 71 45 - - 0 0

Sept. 71 7 - — 0 0

- t . Oct. 71 32 Oct. 72 1 1 3.1

• Mar. 72 738 Mar. 72 192 — -

j i Apr. 72 73 — —May 72 14 - -
- -  Feb. 73 2 281 38.2

• Apr. 72 599 Apr. 72 138 - —
May 72 18 — -
Oct. 72 1 — —

- Apr. 73 1 158 26.4
- I • May 72 305 May 72 21 — -

June 72 1 — -
Aug. 72 1 — —

- • Dec. 72 1 24 7.9

June 72 5 - - 0 0

[ 
July 72 1 — - 0 0

• 
Apr . 73 103 Apr. 73 8 8 7.8

- - Totals 1,919 - - 492 25b
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• j Table 4. S~~~aEy of white perch tagging and recapture. Recapture data through
14 Jun, 1 1973.

• 

• Month of Number 
• 

Month of Number Total 7.
release released recapture recaptured recaptured recapture

Feb. 71 389 Feb. 71 2 — —

--  Mar. 71 2 4 1.0

Mar. 71 351 Mar. 71 6 — —
- -  Apr. 71 18 — —

Apr. 72 3 27 7.6

Apr. 71 • 399 Apr. 71 41 - —
• May 71 5 - —; 1 .  June 71 1 — —

Mar. 72 2 — —
- -  Apr. 72 1 50 12.5

• 
• July 71 1,332 - 0 0 0

1~ Aug. 71 57 - 0 0 0

Sept. 71 953 Sept. 71 1 1 0.1

Oct. 71 842 Oct. 71 2 — —

Jan. 72 1 — —

Apr. 72 1 4 0.5
- Mar. 72 103 • Mar. 72 5 - —

Apr . 72 3 8 7.8

- Apr. 72 7 Apr. 72 1 - —

- 
May 72 1 2 28.6

• 1. May 72 3 - 0 0 0

~~

- June 72 1,876 - 0 0 0

¶ Totals 6,312 — — 96 1.3
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Table 5. Stmsnary of channel catfish tagging and recapture. Recapture
data through 14 June 1973.

( Month of Number Month of Number Total 7.
release released recapture recaptured recaptured recapture

Feb. 71 1 - — — 0

-

. 

Mar. 71 39 Apr . 71 4 4 10.2

July 71 21 — — 0 0

- Sept . 71 7 May 72 1 1 14.3

Oct. 71 8 May 72 1 — —
July 72 1 2 25.0

June 72 22 Sept. 72 1 1 4.5
- 

I i

Totals 98 - - 8 8.2
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Table 6. S~muary of brown bullhead tagging and recapture. Recapture data
through 14 June 1973

• Month of Number Month of Number Total 7.
release released recapture recaptured recaptured recapture

Mar. 71 1 — — 0 0

July 71 269 Apr. 72 1 — —

July 72 2 3 1.1

Sept. 71 41 — — 0 0

1 Oct. 71 86 Mar. 72 1 — —( 1 .  Apr. 72 2 3 3.5

[ 

Mar. 72 1 - — 0 - 0
- 

June 72 61, June 72 2 - —
- July 72 1 3 4.9

Totals 459 - - 9 2.0
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:. Table 7. Sumna ry of yellow perch taggLng and recapture. Recapture data

through 14 June 1973.

- Month of Number Month of Number Total 7.
release released recapture recaptured recaptured recapture

Feb. 71 14 Apr. 71 1 1 7.1

Apr. 71 2 — — 0 0

July 71 1 July 71 1 1 100.0

Sept. 71 1 — — 0 0

L Oct. 71 2 — — 0 0

Mar. 72 10 Mar. 72 3 - -
• 

~~ . Apr . 72 1 4 40.0

F 
June 72 5 - - 0 0

• Totals 35 — — 6 17.1

L - - - - - p a

___________ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-



rr - -- --- -— 

So 
- 

~~~
-- - 

•

~

-

~~~

- 

~~~~

- -

- 1~ 
II ;• 

•o
•~0

if
I 

It 
—

Ua 0

U 
1

z

• •~ 

A) 

•pw

Ii .ccu ~t~St

11
- I - 

— • 
a

. 5  S — — - - 

. F- - r_
_ 

~ 
• 

—

— — —-• - - — —S  
— 

• P •~ 

-— -

•
fl

—.- —--- --— • ‘~~--- — -— -- - --•-—-—--



rr 
----- 

~

——--- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
______________

V • 
—- - - —•

~

- —5,--- —7 - — -• 
~

— —I 
~~~~~~~~~~~~~~ 

— ___________________________________

r 
--__ _ _  _ _  _ _ _ _

-

I .ot.dt

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-•- — - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:~ ~A 
;~~

,-— •-~~ 
—

— ~~~~— • ~~~~ -~~~~~~ -~~~~ -- - 

- - 

~

- I

~~

- -~~1 
-

~~~~~ ~~~~~ -



rr - 
~~~~~~~~~~~~~~~~~~~~~ _ 

—

~~ 

-— _i—i___
_ 

- --5—-

HI 
_

I 
r

2

b 

I
‘1~~~~~

11 I. .

II .!

• ‘-I 

YIP 
S

- . I-,- 
II 

‘v .2
‘I

‘-4 
ti

1~
0

c—I

U — 

J

H ’  I

.cL sc

• ~~~~~~~~~ 
• . . -

~~T
_ _ _____  - - - -



rr _ _  _ _ _ _

I
: ~~~~~~~~~~~~~~~~~~~~

-

, 

---- 

~~~~

- -

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

_

_

; 

--~~~~~

V

- - S -~~~ - -

\J

.

1.

Ii cc ,oc .oe~
I-

i 

.St

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ~~~~~ 
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

- — a 
—



~~~~~~• •
- -  

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

Ii.

- I

• 

V
I

-

p. 

0

- S

• 

‘

S b
0

.2

H 4 
_ .~~~~~~~~

_

.•~~ _ S _  

I.

S 
I

1.

- 

,• :~~~~~~~~~~~~~~T~~~~~~~~~~~~~~~~~~~~ 

.c~~~

~~~~~~ • ~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 11 .~



_____ ~~1~
- 

- 
_
?_:— _.— ,--- - -,-.—---— - -- —•- —-5 — .  - --- .  .1

H

I” ’
;~~~~~ • II .2 -;

. II •- S
- -  ,I~ 2

0~. I I
— -

— N

0-I; -  cv~ 
0

U 0
z

I

S

aA .

H-

p

‘.0

F !

-
F

U I
.ft .sC .ot.st .sl.sc

1~1 -, -5--

- - • 
f - 

- -
—



r -
~~ 

- - -

:r. 7’ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~1

V

-• 

~~~~ . 
l e

11 —
I! —

N

ii .2

Ti’

11
— 

‘4

[ 

0

.cc.St

f-i 
.oc.~~

E_I 

- S

-
• - 

~~~~~

-
. - - I —

~I, ~~‘4•~~’ ~~~~~~ • 
~~~ 

-

_ _ _ _  _ _  
L~~~~

t
~~~
&

~~ - --



_ _ _ _ _  — -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _  

-:

• i . 
V

N

p. 0

0~~

I — 

0 —

H 
p.. 

.- 0

0’.
—
- 

a

A . — 

0

H 
!. ~~~ --- 

- •pw

. 1  • . U
a-g -

H I
’

41

H .  0
0
a
41
‘vi0
a
a

‘-Ia
1..
‘44

~

- 0

H -

- I
.

H
• 

~ 
1:
F _ _ _ _ _

- 
.sc.~ .cl.u

A 

— -

~~~~~~~~ 

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

-
~~~

---- — -- 
‘.5

- 

., 
-—

—‘---- ~~ - ~~~~ ~~~~~~~~~~~ 
___~- _a~__-__~~_ %



~1~~

1 .  

TI,

I ~* 

; ‘

H-
1 .  1 

1 0

~~ A) 
~1~ 

•pw

p \ \)
H -

L i
I 

I,

I a 
—

A .

-

- .sc~,St

~~LII - - _ _  _ _ _
______ ______ _________ ~.~~‘~~ 1-~



So 

— 
_- - - ~~~~~-.  —-- - —5--- - - - - _ _ _ _ _ _ _ _ _ _

I 
H

Ti’ 

~~~i

It

‘I-. 

II

—
C..

1°0

- — 

•pw

a
-‘4
‘44
a
.~0

~~i. I
00
00

- -  a
41

‘44
0
a

. .  a 
•

41
-p.
a
a

- 
a

8 1
I I  —a

‘4
P44

‘ I .
0•

-4

n a

11

H
- . 4  .4 H

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



_____________

[I

El
II .cc.oc 

I

El 
•

--

~~~

.- S

~~~~~~~

.

— 
—

~~
— — ——



_ 7
; ~~~~

/

I

-

- 1

I-
--  

— r •-

~~~

.2

. 

S

— 

‘v s

p.-.
0’.
— 

—

— 

N

-
_ 

0

* 

0
p

H .  
—5 - - — 

- --- - - 5 -  

1~~ - a
N

00

Li- - 
— ———-,.——--a—-• --—-- ‘-



rr— -

is - - 

—- —5 ----- — --5--— --- - - --*5— -

-

~~~~~

~~ /

- .  

V

S

- 
,.;

F 

0 -

I
- - - - .  

- 5 - - -- - - - -
~~~~ 

•pw

a

11

‘H 

I

_ 

i\
\N.

U _ _ _

El .cc~sc ~~~~~~~~~~~~~~~~~~~~~~~~~~~ A~~~~~~~~~~~~~~~~~~~~~ I

~~.41

_____ -- - —— ~~~~~~
- —

~ ~
_J 

j



_______________ -
~~~~~~

- ~~

. 

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

‘ 

_

A .  

V
N

- .  
I 

-p
.

0

• T -  

0

1 1 ;  — 

0 —

N
1. 

5

“4
0 

~;

r ’  0 

—

H
I - 

C

‘ 1 .

• : . -  ‘4 

0

0
H - I  ~~~• 

- 

- - 
I-i 

-T -pw

-p.

• a
• 41

- •  41a 
-

a

H’

1 •  I

H •

U !

U

ii
El 

.cc~.4c .0c’•~~ 
,

,—-‘_ -,s__._ •__.•__._.I. 
.cl~u 

S - -

~-



I .  
- -5-__

—5 - _ _ _ _ _  _ _ _ _ _ _ _ _

- I 

- — - 7_______ 
— ,—~—~~-- -5-

I

; 
~~~~~~ ~~~~~~~~~~~~~~~~

‘

I 

II

- L  

ii 
.2

S

‘
I 

_ _

II
~~~ ~~~~~~ 

a ,— -
~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-



-

~~ 

- 
---5- -5--—— —~ - -~~

0

VI

‘O
p.

•
f

.2 - ;
IC

“4 

.2

0 

N

I 

0

1. “4

- r z

.cc .6c 
I

• I !  

.0c•~~

il 

~~~~

A •_ 
P 

- 

~~~~~~~~~~

- 
-• - - p 

— — — 
- - I



4 

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

- ----

!

‘p 

2

B
-p

k

- - . 
• j i 0~ ~~~

I 

.2

i , !. 

N

‘-4 
I
I 0

U 

-

z 

0

- - -l.a
•pw

Hi 
1
01

-I.ci,ac

- 
S 

~~~~~

‘

~

!7- - - 

I. 
- _ _ _ _ _

5-— _~~~~~ 
_.p ~~~~~~~~~~ ~__- ~~~~ — 5- -- —__

— _A~ ~~~~~~~~~~~~~~ —- ~~~~ — ~~~~~~~~~ 
I



- - -5 -  ~-5—--—-• - —-- --5— 
- • - -  ---5—--

p 4 - ~~

-- 

-— - - 5 - -  _ _--—

e

ii ~~

- 
V 

:~~~~~

. 

II

içt
(

0 
-‘

~C’. 

~t _ 
—

N

‘-I 

0

\
‘ 

0

0 

1

- . - - 
- - 

s - - 
i 0~~

- 

~~~
. 

) 
•1 .Pw

H

:~ 

•-

~~ 

r-

H

11 
,cc.ot 

,./_ _ __._. %•.___•___~

- -

U 

,oc.ac

- 
— 

~~~~~ 
- - 4 - -

-



r :1~ 

-- - ‘

~~~~~~~~~~~ 

- -

- r  

-

- 

\ 

-

/

- I  -- 
I

I 0 —

. 

0

H 

IN

0’
“4 

-

0 

—
N

- “4
U 

0

- r
- - . - - -  - - - - - - -5  - I

-pw

H
—-P

0’-4 

“4

I
I ~~~~~~~~~~~~~~~~~~~~~ , 

&

— —- —— —~~~~~~ —



7’___ -! ~~~~~~~~~~~~~~~~~~~~ 

-- - - - 
-— -

----_ 5-  —5 ~-- -~--- --- - --5- —s~~~~~~~~~~~~~~~~~~~~~~~~

/

2
VI

- -p

- 
p.

. -

- c-I 

1

N 

S —

- C’. 

= 
I,

- -  ‘-.4 

IN E
-.2

a

• 
p 

N

0

-
I.

—~~~ — 
~~~~~~~~~~~~~~~~~~~ -- S -

~ 
-



--5- —---5- --— -5--— - - -5-- - - - —5-----

a:

H-  •
8

•

N
‘-I

a
1 -  ‘4

El
- i i  

_ _ _ _ _

II 
ct .4t

I, 

.oc•6c 
I

Li 

.

-~~ ~~ — 

-5 

~c— 
~ ~~~

--
;~
—--

— ----- - --—---5 —---- 5- —---- i- ~~~~ —-- 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ i-~~~~ --- 5—- _ _ _ _ _ _ _ _ _ _ _ _ _



- - - — 5 -

‘ I --

b 

VI

C-

-p

- 
I 

-

- • 

,, p~ 
•O~~

1 N 

—

N
I. 

- :‘.P . _

F 

“4 

-Pw

F 
-

I 

r-

- 

.cc oc

- 

- 
-

—:5 
- 

~~

;- 
- __ ~ p ~~~~ - • - - _ -

-5- — 5 ~~~~~~~~~~~~~~~~~ ~~~~~~~ -—~ —______________ ~~~~~~~~~~~~ 
J



r 
——_ -- _~~~~: ~~~~~~

‘ - -- - -
_ _ _  _________________ _ _ _  

_____ _________ .5 - — - —

~~~~~~~ i.

0

b 
‘—I 

VI

1 
p.

- L 

-p

I 

i.5- . • _ T
~~
±

’

.s;.
~

• - s

‘H
. 0

a
- -  a 

-

. 1  41
-‘-4a
aa

aa.’
‘H

p .cc..c

i i  ~~

.“ u..t

,.

I - 

- - - 
p ••

~ 

- -5-—— 

~~

.-- -1

—-5 — - -—5 - -----5— ~M --L



!~‘ ~

1 
/ ‘ 

-- -—
~~~~~~~~~~~~.~~~~~~~~~~~: -~~~

:: _ _

Hi . 
_

V

b 
\c’( ~~

-p
.

- -  

II _ P

- 11 .2
rr

C’. 
II 

0

- “4 
It

a 
- 

—

N

~~ 

•

1

C

• - .

~~ 
(
I 

- -

- -  
a

“4

\_

a

- F l

U

- I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

U 
.cc.oc ,

,—.——‘-__.—_—.p,_p__S_•__.%__

- - 

~~~~~~~~~~ ~~~~‘ 
- 

—

—~~ ~~~—-~~ 
- — 

P 
- - 

. - . 
-
~- - 

- - -  - I, 
-

_~~ IJ~t~~~ ~~~~~~~ ______________________________
________________________________________________________________________________________________ S

-‘5---- -



*5
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -5- -  - -5  5-- -- - - .

-—-5-- - -

— S  

N

j I .2
p

UI 

0

0 

I

I~~~~ 

- - - 

- -

H ~~

- 

- - - - - -- - - 5 - - - - - - -  - - •
~~~ 5 - - 

I 

- 
- t

H F  -~~~ 

-

b 

*

.~~ V

A .  I C-

00
- 00

! . ~~~~~

‘ 1 .  ‘H 
-

0

-
II
II 

.6C,ÔC *t’~6t

A 

f ~~~~~~~ -
-~~ - — -

— — —5- _-a__~~_____ -.-— — I — 5 _  _ 1.d_ —_ 

— 
—~



If 

—-5 —

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

—- - 5- - i _ _ _

~~~~~

__

~~~~~~

5 * 5 , - 5

~~~~~~~~~~~

5-

5 - 5

1

-- 
4, —

4 ~

-

.

H- 

-~~~ N

• - 
“4 

ii 
0

I 

-

- 
z 

1 

0

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

- •-

- - -- 5 - - 1
-

#1
a

• -
~ 

00
a

- -  41

‘H

- -  0
a

- - 
a
11
.14
a
aa

1•
a
I.’ -

Il-I
0

H

Ii
11 

0~•’t 
I 

f

I I  
- 

- •

— ~~ -_ 5-rn—— --~~~~~~ s- ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A - 5- - - ~~~~~• - -



rr~~~ 
HIIIJ~~~~~~~ 

5-

:~~

1. 15 . - -
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _

Ii’II._ i _ •• j  _ _ _ _ _  

N’5 
_ _ _ _ _

In - •— — 1  —- - - • 
iv :—:.

STRIPED BASS — 1971.
0

5 -  : = Fea. 
~~~~~~~~~~~~~~ E N~ 29

— _ •  —_ _ ;  a ~~~~ a— 0 — ! — . ~~ — ~ ___________ ___________ ___________

~ ; -
~~~~~ L1 ~~~~~~~~~~~~~~ _ _ _ _ _ _  

N~~i7 1
ii: 10

- - 
Apr

r~ 
5 -  E E N 5 4

— • 0 •~~~~~~~a a~~~~~ I: - _ : = : :::::: : :
:::—: ; ::: —. : :~~: a. z

_ _ _ _ _ _ _ _  
:e:: :e:: ::~~~ :: ~~;:: ::_. _________ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

= 3 :

~~ I _ _ _ _ _ _  _ _ _ _ _ _  
f 
_ _ _ _ _ _  

N—0 
_ _ _ _ _ _

‘— 10 - ::
— — C

July
- 

- 

N=45

_______  
: :: : 

__________  _________  _________0 
_ _ _ _  3 :
I _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _

- i i  
1 0 -

: E E ~E_ Sept
— ::: N~~~~~7. 0

~~-
• _ _.aa •

___________ —_ !— I! 
___________ ___________ ___________ ___________ __________

•E N—i‘ I  I _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _1. 10-  E
Oct

I
L 5 -  

~~ N—32

[j 0 H _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

0 150 300 450 600 750 900 1050
Pig. 27-A . FORK L E N G T H  F R E QU E N C Y  by 15mm GROUPS

•

El 
-

L 1f l  - - 
-



- —. - — -~-——--- - —-— —*---- - - 
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 

- -J

N 
_ _ _ _ _ _ _ _ _ _ _ _ _

J 15 

- - L1uIlftuIi 11111 . 

N.282

-
~ 10 : E E E ~ I

STRIPED BASS 1972
- 

;; ~ ~ E E E E E : _ 
Mar

::: ::: :: : N=738
a •a •a . a •~~~_ a

- —  - — ~~~_ :e:: :::: :: ;:: ._ - ;_V I:: I .iUIIIIiII.h5_ •
1=158 i 

20

1 10 
~_ : 

0

Apr
5 N=599

•anae _ •a a
• eS

— — _~~e :! !!! ~~~~;!; .— .•. — — —

I !!IIIi JIJIIP I lii i I I N=24 
0‘— 10

z
- May• - 

~~~ 5 ~~S- :_•~~~••~~:: : : =
:::::: : p:.:

-~ • •• •a  •~~~~~a~~
0 — 

;~~::~~~~~~: 1~~e!:~~~~::, ~~••;~~ •— • — . — I- I -- : : N”O
10 20 20! 40 2O 

0
a a a •

~ !~~~~ 
: June

: :: - N’~5

0 ~ ii fi - 3

~~~~~~ I N~~0 
010 100

5 July

n 0 

N~ 1

0 150 300 450 600 750 900 1050
Pig. 27-B. FORK LENGT H FREQUENCY by 15mm GROUPS

A - -  —
;
~
.:-

~
-—

~;~~ ~~~~~ 
— - I

_
P _ 

~---~~-L• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
— - --- - —~ - _~r~~~ --5-- — —5-— 5—— -~~



-

~~

A -- - --5 --- - - - - - -- - ---- -- - - -- - - - - -- -

-

~~ 

— 1

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
Lu

__LJJIJ_____ 
_ _ _ _ _  

N=8 
4

- 

STRIPED BASS — 1973

Apr

N= 103
-
)

a a a-u_I

- 0_ b -
- -

- a a a
- I a~- aa _
I I~ — aa~~~a -
I • • a

~~~~~~~ -
~~ aa :a• _~~ a

- a .a _ a a
- a~~~~~~~~~ a a

- • a a _ a — -a_ a _ a _ a  _

- 
- - C

0 150 300 450 600 750 900 1050
Pig. 27-C. FORK LENGTH FREQUENCY by 15mm GROUPS

I

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _



--5  5— —.- -•— — —- — -5— * -- —5-— —,
~~~~~ 0 ~~~~— 

~~~~~~~~~~~~~r 
- 

-

I L

I —

I H 
____________________________ _____________ _____________ _____________ _____________

WHIT E PER CH N=5 
-- -  

15- Feb,71 ‘ •  . _ _ _ _ _  _ _ _ _ _

N=389 _; ;:;; Z
I - aa~~~~~~ aI 

— a a_ a _ _ a _ _ a

Q — — ~ — — ~ — ~ — — ____________________

IN’ 34 I

15- Mar,71 a _L_JILIJIa!~I_ILLuLU_L —_
~~~~~~

N=35 1 
~~~~ ;—  _

0 _ _ _ _ _ _ _ _  

E E ~~~E E E _  
_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

15 - Apr, 71 _J_ _J_JJJJ ~~~~~ ~~~~~~~~~ ,
N=399 -

• - LU —

• 0 ~~~ — ~~~~~~~~ ~:;, e ;_ .__ 
— — ~~

t&~ 15 - N=i3~2
- .  U •: ::

_ _ _ _ _ _  

-- -  aa , .. aaa _ _ _  — ___________ __________0. 0 —

- -  a Aug,71
- - 1 5-  N 5 7

t I t _ I : :::.
I: - _ 

__
_ _ _ _ —A • e — , • , ._!~~ . — — ____________________ ____________________o 

N’~1

- Sept,71 
-
. 

- _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  a—

N=9 53 .:a : ::aa _~~_ _ _ a aa _ _ a  _ a _a 
- c ~a ! ! a a . a !a.. .. .. a __________ —

I N~~4

- 
Oct,71 .__•I •— __________  _________

- ,~~ a _ a
- a __ aI RJ=Q A J aa a a aI I~~ U~~~& a. aaa
I a_ a_ a

I a. a a a~~I a. •a a_a
C 

I — ~~~~~~~~aa_~~~~ a_ __  
__________ __________

0 50 100 150 200 250 300
Fig. 28-A . FORK LENGTH FREQUENCY by 5mm GROUPS

U
1:

- - ---- 

~~~~~~~~~~~~~~~~~ - •
• 

~~~ 

- 

- 
-

- -- --~~~~~~~~- ~~~~~~~~~~~~~~~~~ ----- 5- - -



~ - - - --

_ i  
r
~1H:

_ _ _  — 

_ _ _

- - WHITE PERCH Mar,72 N 8  -

- :  - -  15 - Percentage N 103 ~~~~~~~~~ L R_- 3
_ LU

- • 
— : :— ~~ —

0 e_ :  ~~~:: ~~!: ;~~~~ — _

- Number Apr,72 N=2 - 
3

4 - N=7 . . •

- 

- -  

0

_ 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  

_____1__
- 

- Number May, 72
4 -  N=3

- .  a’ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _‘F F 
— _ _ _ _  _ _ _ _  a-

• ~~
- Percentage June,72

15 - N-=1876

- a ~~~~~~I - - a _~~~a a

c . __________ — __________ __________

0 50 100 150 200 250 300
- - Fig. 28 B. FORK LENGTH F R EQUENCY by 5mm GROUPS
1~~

~ 1. -

— -

p I

II

- El

- -  - _
~~

-
~
- - -  -

~~~
-:

~
---‘

~.

5- —-----5- ~~~ ~~ 
I II1-~-~AIlI klE .  ~~~~ - ~~~~~~~ ~~~~~~~~~~ — — -----



— - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~
5 - 5 -

~~~~
5-

~~~~~
5- 

_ _ _ _ _ _

I __
~~~~~~~~~~~~\

I’

4 1 

- 

•; 
8 

_ _ _

~ fl UI

~~~ON~~~~~~ MAP

- WASH INGTON 
-

- 

-

I
Q

- 
~~~ DII1 

-~~ 
~~ f

• - 
D 

~~~~~~ \ ~~~L ~~ J t~
J 5 -c-~

-
I % .~~~

‘ 4~_ 
~~~~~~~~ 

-4
~~ 

_
~~ O~ ~•~1~

- 
- / 1/

- 
OA~6 

-p

H

’

11 Figure 30 a. Striped ba8s 1971.
U SCAI. ( O~ MILU

tO 0 10 tO

II 
- 

- - -I _H-— 5 -  _ w
•i.~ 

- •~~g_~. 
- -

_________ ~~~~~~~~~~~~~~ 
~~ -—- .~~i.II 40 ~~~~& _ ‘ a - _~~~~~-~~- -

II_ -~~--_ ~~~ ~5~~0I~~_I~ ~~~~~~~~~~~~~~~~~~~~~~~~ ___ ______ _______a
~~~~ - - - —~w - — —5-- •— —--- —-



- :----
~~~~~~~~~~

------ rr~ —

8 
t U

VICINITY MAP 

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

Ic

WASHINGTON

‘—

[ 
~

/ - 
~~~~~~~~~~~~~~~~

I
- r

/ 
H

fi Figure 30 b. Striped bass 1971.
5CAL~ O~ MILES

$0 0 ID 20 

--5-— 

- - 

- -. 

- 

--~~ - 

- -  
- -~ 

- 
- - -i - -

- -- -~~ - ~~~~~~~~ - -~~ -- -
-S - 

_ _  5- -~



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

- - —

~~ -

-- —i- __ -
i~

_ _ -

: 1  

~~~%~~~~7 

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

- 
V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I ~ ~~~~~~~~~~~~~~~~~~~~~

- - 
~
r—

~~~

—Th
~~ 

k SALTIMO~E

I 
— 

I

I ’
-irA _ _

MD

-
‘

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

-: 

“4”
~’

s _ t
~ e-’ ‘

~~ 
still

-~~~~~~~~~~

I

/
20 

- Figure 30 c. Striped bass 1971.

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



-- 

- - - - ~~~~~~~~~~~~~~~~~~~ - - ~~~~~ — - 5-- - - - — —  -~~

( 
t(~5 (,s~~~~~Can0~)

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

E _ _ _

* 
VICINITY MAP 

- 

- 

4
~,w

- 
- 

WASHINGTON 

2

H
1 _

- 1.  s— 
-

~~~~~ -- 

I
-

~~~~~~~~~ 

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

,I
J 

.1
SCALE OF MI LES 

- 
Figure 30 d. Striped bass 1971.

10 0 10 20

H 
_ 

- -  

-

A 
A 

-

~~I 
- - 

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



___  
- - -

) ~I i  _ _ _

VICINflY MAP

H-
WASHINGTON

/

I I
I ~~

--

I
I 

____

* 

--

0
~

1: 
lø\r

~\_~~~~~~~~ ~~

,

- - 

I

[1 SC*~~ OF MILES 

- 

Figure 30 e. Striped bass 1972.
I S O  ID 20

[I 
~~

- H
- - --5 -  5- - 

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

-•

-I- - -~ - - -~~~ 
~~~~~~~

-

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

5 - - -  



7!
2~~~

’
~~

’
4 ’~~~—~~~ \. SALTIMORE \-

~~ 1 k r - 1 ~ ~~~1-’~;~-~” L.
i ~~c-s~ 

—

V~~~NflY MAP 

\~~~~~~~r \

I
DII

• ~~~~~~ ~ zt~ 
-

~~~~l U ‘~~~ 0, 
~~~~~~~ 

-r
~~~~~~~ .1 ‘— ~ r -t~ - -

~~ i , -
~j• S  J~~~~ 

- 
*~~~~L1~~~l 

~q
*~I__M

rr:_ — 
-4, ‘—i. ,-‘ —i. 1

1 ..  
4

4
, 

p—a ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I

/
fl Figure 30 -1. Striped bass 1972.
LI SCALE OF MILES

10 0 10 20

- 
~~~~~~~~~ 

-
— 5-



i i S 
-

_ 

0 3 f
I SALTIMORE

I 
C~~

AS TON

~~~~

H - _
- I(~~~~~~~~’It _ _

~it )L/ \ 
114 \ ~T ~r L~~~~__ NI___

~~~~~‘_5 ~ ~ ~ 
.0 ‘‘ ~~O 1~~ * ~~

- -~~~~ ~~~‘ i~~ 
-
~~~~~~~ %~~~ “~J \ ~

-

~~~~~~~~~ I ~~~~~~~~~ V~~~L~~~~~~ ( 
‘~4~IC1~~ J

- • V ii

I, /
SCALE OF M I LES 

Figure 30 g. Striped bass 1972.
10 0 10 20

- R  
wwu~~~~~~~~~~

- .  

- i
4

•

- - 

. 
- ——- 

:- ~~~ ~~~ ,~~-:-~~:

—_— - ~~~~~ — - —  - 5— 5-— -



- -5~~- - --- - _--5-,----—----5- - -

--5-- - - - - - -- —-5- - - -_ _

L Th?c~

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

~~~~~Jj~~~~~~5~~~~nO~

~~~~~~ I I~ LT~~O~E C

VICINETY MAP

j WASHINGTON -

-
r (~O~~~~~~ 

_ _

I I  -~
r 

~~~

___
~~~~ 

--

-4-,-

~~~~~~ ~~~~~~~~~~~ ,~~
•

~ift

U 10 
$CA4.EOFMIL(S 

20 

Figure 30 h. Strip.d basg l973,

--S T ~~~~~~~~~~~~~~ •- ~~~~~~~~~ - ..

— - 5  5— — — -5 - 
—



— —
----5— — —  

_ _ _ _  - - 5 - -

4. 
- 

-5

SAITIMONE _.4~fV1CINITY MAP I I
WASHINGTON 

- I’ -

/

_ --

~
0e ~~~ 

- 

~~~~~~ 

-

L

I

I 

/ 

-

-

- 

- Figure 30 i, White porch 1971,
SCALE OF MILES

ID 0 10 20

~~~~~~~~~~~~~~~ 
•—

- 
•

~
- ‘

~~~-~ - 
-5-—-—

- ~~~ - - ‘
~ - -~ -~~ - - -

~~ * 
-.

- —i ~~~ 
1L

- ~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~ —.- —-—~~ -- --- __0~~
_ 

~~
5- - - -



- - - - -  -5------ - - — - -

MD

&D ~~~

MAP 
7 

5

!~ )/
1,? ~~~~~~~~~~~~L~1 i d~41b1lb ~~\~~~~‘ 

—P 
~~ . i

H ~~~~~~~~~~~ ¶rA~ ~~~:;>t Mt
_ _SI •

~~~~~~~~~MD

~~-~~~~ç ~~~) ~~~~~ ~~~~~~~~~~~ 
~~~~~~~

~~~~~~~~~ %7~( stD~~~~~~~~~ ~~~~~~~~~~~~~~~ 

-

0-_a ‘
~~~~~~.. ~~~~~~~~~~~ 

‘
~~ 

) )  \ -
~~

- ~~~~~f l I

Figure 30 j. White perch 1971.
V 

SCAU OF MILES
ID 0 IC 20 1 -

I

~~~~~~~~~



- -  —- —- 5- _____ S .— — -5-’

~J r  
________  

-

- r~-~ -~ (

U ~1 _ _ _  __ ___ft 
_ _

MD

- 

1.
- I — 

SALTIMO RE

I [ 1 ~
VICINITY MAP 

~~~~ ~

- 

‘ -

~~~~
, - -

~~
‘--

~

o
,- 

.0
o,~, 

MD --

: 1 !  :. ••  

I

/

[1 SCALE OF MILES 
Figure 30 k. White perch 1971

10 0 10 20

0
-

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

. 
~3:. -, _

_

~~~ -~~~~~~~~ -_-5~~~~~~~ -’ -— - - -- • —--—~~~~ - - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_______—-
_
Ia.. —.-— ~~~~~~~~~~~~~~~~~~~~~~ — _•_____, -S ~~~~~~~~~~~~~ J



!I:T 

_ _ 5-
~~~~~~~~

_ 5
~~~~ _~~~~~~~~~~~~~~~~~~~~ Z 

- -  - - ______

r
J~~~ 4

1:. 9,
- 

- / ~
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

SAU~ AORE~~~~~~~~~~~~~~~~~
1
~~~~~~~~~~~~

\

VICINITY MAP - ~~~~~~~~~~ 
\

• - 

“‘

~~~~~~~~~~~SHINGTON ca’f
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

\ 
—

~
____

0-c ~~~

--7
.-- 

- -  

I

a, 
/ -

-

II SCALE OF MILES - 
Figure 30 1. White perch 1971.

10 20

II
• - - 

- 

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

-
- 

‘ - p 
~~
:- 

-

~~~

-

- - - --~--
,--.- -

~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~- —- S - -ag - - - - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~-~~ —--~ 

_ _ _ _



5-5- — ---—---5— -
I M - _______

J ‘~~

-

- 

&~~ ( ~~~
-—-- 

\ •
_LI -

,

SALTIMORE

H- : V~~NffY MAP

WASHINGTON ~~ c3 -

- i

>

-H: 
/

__--
1. ~~~~~~~~~ ~~~

‘ “

~~4,_a

~ ii 
•—_t

~ 

4~a.

- 

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

I

-

~~~~~~~~~~~ 

.

-

~~
‘

Figure 30 m. White perch 1972.

Ii SCALE OF MILES I
ID 0 10 20

- 5 -  

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

-

~~~~~~~~~~ 

- 

-

- ~~~- ~~~~~~~~~~~~~~~~~~~~~ -II —I---— ~~~~~ — ~~~~~~~~~~ - - -5--.—— —~~~~ ‘~W*S ~~



_ _ _  

~~~~T i i~~~~~~~~~~ 

- -  -

~~~~

I ~~~~~~~~~~~~~~~~~

I

I 7

e
r El  \

W-

ag )

IL
-i•O

t 
- - - - — - - 

5 -- -pw
_

a
7 -
4 I.

1~~

F
I- .
I -  Cp.
a-.

El

_0C.6t

II
- -- -

-~~ . 
— _______

— 
~~1 - - 

-

— --a— ~~~ •_*~_~ — -~~ — —5-5---—-



—— -- -5- 5---- -- 

- - - - 
- 

- 5-

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

~~~~~~~

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

-

~~~~~~~~~~

-- 

~~~~
SALTU~ O~~E~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.\

- 
VICINITY MAP 

~~ I
WASHINGTON 

-

>

- I

/
U Figure 30 o. White perch 1972.

SCALE 0? MILES
$0 0 10 20

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



~~~~~~~~~ 

L ____ 
-—--5 --5-

-- 
—-i_ -5- —— ——- 5— 5-

~~~~~~~~ 1

I ’  

.~~_I.. —

H 
e I

H I 

I 

II

1~~

I i -) —

I —

.1

II

i— i
I 

.ot.At 
I

I 

.Si,~~

- 

- — - 5 -  

- -. 

— -
. 

-

~~~~~

—— -  

j
— — --—5—-— .—~~~~- — —5-  

— — - 
-i5i_ � 

-5



--- 5-;- 
~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

=
~~~~~~~~ ~~~~~~~~~~~~

‘
7— -.

— :--•
~~-\-~~~~

-- 

~
‘ / I

2’ _- -  
J~~1~~~~~~~~~~~~

~~r- ’-.~ 
‘ I SALTIMORE

\ ) ‘

VICINITY MAP 

I
WASHINGTON -

/
-

-v - -

~~~~

L 
60.,

-. 

I

_ 
/

Figure 30 q. Yellow perch 1971.
U 

SCALE 0? MILES
(0 0 ID SO

~~ 1] 

— — I- 

-~~~- - _~~~~._~ - - -- -~~--- —



-- — - — ~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
— - —-- —

~~~~
— —— — —  —--  —

/ ~( J j ~tioCof0~

I ‘
~~

‘
~~

°
~

- 
VICINITY MAP -

1

WASHINGTON 
-

2

•“cs
~~_\ ‘ 

‘—4 1.

- -  
((.J _ - -

- t - __’
~_1, J -

~~~

- - 

~~~

I!

I: 

- 

\) ~~~~~~ 
- •

- I

/
• SCALE 0? MILES 

Figure 30 r. Yellow perch 1972.
10 0 10 20

II
- - -I I ~~~~ ~~ j

~
. S - 

- - 
-

- 

- — 
-—

- - -S. ,.- - ~~~~~~~~~

— * - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- -— - - -- 

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

--— - 
~~~~~~



--5-- ---- 5-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

a 

-

~~

- -5- 5-5-- — 5-- —5- - ——5- — — 5-

r 
-5-- --— - -

I. 

_____________ 

- 5 —--- -

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

9

U

\\

~

I -

I! 
C

- 

II 
.

~~~ 

C f

2

- 

1’ £ 

— -5- - - :c.
~~

- -
~~
c--

~i i~i -
I

I t
I 

p

A .

- I

- - 
~~~~~~~~~~~~~~~~~~~~~ - - S _ _ _ _ ~~_ __ ~~~~~~~~~~~ - —--~~-- -



__ 5-5-——-- --5- - 5-

-- ——-5--- - —-5-——-- - 5-- -- -5-- -- - -- - --  S--- -- -

II j ’

F

S 1J •

O r-I .!
ce~~~~ 

-- £

1~~ 
-
~~~~

L .
0 00
r1 1-i 0 U

0

1. -,

- _I.0~~~1. 
- -  - - - - - - - - - - . - - - - 

- - - - - - -- - - - -

- - I

F

Ii — -

[

[1
- ,81.

-

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

oc..c ,Sc.AE - -

_ _  - - - r--
- - 

- , S LI.. ’ il-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5-

~~~~a.- - — -.5-----
a-- A~~~L f ~ — ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

- — - -



~~~~~~~~
- --

~~~~~
-~

; 1 .  
T1

I I  ~~~~~~~~ 
0II

~ i i 
II. ’-’

~~~~~~~~~~ -r 
10

H! 
)

I 

-

n 
,St.6t 

I

I I 

.Ot ,6C

LI

,
_

- - ~~~~~~ 
‘
--‘ 

•-- -~~~~~~~~~- -
~ 

-

- ~~~~~~ 
-5

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

- - 

~~~~~~~~~~~~~ ~~~~~~~~~~ —
~ —--5---- — -



- - - _ _ _

.

4 A~~~~~~
ii 

C

2

A. V

2 

cl—I

p. 

F-—--
- .  

a-. ~I- 
- 

-
-

•

~~~ 

C

m m ’ C

- 1 4  

.~~ S —
~~~~~~~~ S£

-
C.,

S I . 

ri 
3 -

O%4 ~ 0

H

J 

-2 
0

I

F

- _____

; ii
I :
F t -  _ _

El
II
I I
U

L - 
-
~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~ 5-- -- - - - - - -S



-—---—----—----- - --5--—- -
- 

-~~~~~ -

- 
-
- - -5---

-- 

- - _

II I 
~~~ / 

- 
- - 

- 
- 

_ _~~~~~~~___
__J

Ii ;
‘ 

.!
- O~~

~~ -‘.24 0- 1. --- I -  1 . 0 ’- 
- a  -0 0U 1 .

-.4 -’ O-. U

~~ç- 0
1 1

~ 
1-A

‘ - !  

~~~~~ 
- 5 - - 

_ _ _ _ _ _ _
•pw

- i-~~ 
— — —  -

~

- —

S - I
2
p

~ 
I-.

I~~

‘ ~~~~~~~~~~~~~~~~~ - - 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

__ __ ____ 4_-_•_ _•
_~~ s _t_- €_.~~ 1II .~ 4 .iI ~~~~ th~~_ -_4 .~~ a . 4k _ - _.



— —----5--- - -- - —5-- -5— — .-~~~~ - ~~~~— — .-
— —— — --—--— — — — —---— - -—— — -—-—.- -—-—.—_—i~-~

_— ~~~~~~~~~ 
—~~~ -— r  

- 

- 

- 
i

H - - --5- -_~~~ - 5 - -  - -  - - - 5- ---—-—

/

~~/~~~~

H 
H

4 .

5 01~ —

VI

i1~ 

-

L 0

0

- - - - - - - -5 — -

- S

I I

1. I

H. ~~~

-

ii 
- 

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

- 

-5

1_I

lii 
_____

Ii )~
,

_ 

- 

-

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I-

El 
.

- -i--- -5--- 
-1

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

— - -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-— - 5 —



[ ~~~~~~ /

2

- 

VI

L \\
C

ii

1-a 

E

o u W t— -
A

- I- 
-

- 

-l.a
-pW

1. F

p 
-

1_ S

- u

0 - ~~~~~~~~~~~~~~~~~~~ 
I

.S’6c

5— ~ ~~~~
- --

~~~
-
~~ 

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

~~~~~~:~~~

_ _ _ _  _____ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I 

- 5 - -



—— - 5-- - -5- -—~~~~~~~-—- 5--- -— ------ — - --- --- - --- --

- __________--5- - - - - 5 - - ---— — - 5-- --- -

1.

J~
I 

APPENDIX VI I I -B

1. Summary of Ultrasonic Tracking Program,

Chesapeake and Delaware Canal Investigations

John S. Wilson

i !

Natural Resources Institute

I 
Chesapeake Biological Laboratory

- ~

- - University of Maryland

- Center for Environmental and Estuarine Studies

I —

Contract No. DACW-61-71-C-0062 Army Corps of Engineers,

1 
~

- - 

Philadelphia District

1 NRI Ref. No. 74-38

E SA

- r

El
u

II -- H
I _ - -  . 1
_ _ _ _ _ _ _  -~~~~~~~~~~~~~~



---- - -.- - - -—- _ -- —--- — _ - - -—--~~-- - _ - - - - - - 5 - - -  — _5---- - - -- - ---- -~5- -- . -  —

\

\ 

/

ABSTRA CT

Several aspects of the design and use of ultrasonic transmitters

are discussed.

L During April and May of 1971 and 1972, 17 sexually mature striped

bass, Morone saxatilis, were tagged with 74 kH~ or 130 kH~ ult rasonic

tags and released in the Chesapeake and Delaware Canal area. In 1973,

I 4 American shad, Alosa sapidissiiua, were ultrasonically tracked in the

Delaware River. Twelve striped bass and all the American shad were

tracked continuously using portable listening gear. Seventeen-ft

- outboard boats were the primary, but not exclusive, tracking platforms

and were satisfactory in sheltered waters . Maximum continuous track

I duration was 60 h. Six striped bass were to be tracked remotely by

automatic shore monitors. The observed behavior of tracked fishes is

noted.

Increased current velocities in the enlarged Canal are a nonsigni-

ficant deterrent to the movement of adult or sexually mature striped

~ L bass through the Chesapeake and Delaware area system. A working hypo-

thesis of the movement of striped bass in the C and D Canal area is

i presented.
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- Dr. Ted S. Y. Koo originated the concept of using ultrasonic tags

- - 
in this study and enthusiastically encouraged and supported the electro-

1. nics development pahse . His thoughtful direction of this program, in-

F 
cluding many hours spent in the field, is readily acknowledged and

fully appreciated.

I f The success of the observational phase of such a study is heavily
H

- 
-
~~~~~ dependent upon the perception and perseverance of the individual members

- - 
- 

- of the tracking teams. In this regard, I am greatly indebted to Melvin

- Beaveii, Brooke Gray, Thomas Johnson, Charles Main, Terrance Peterson and

- 
- 

- Peter Zeni .

Many others participated in the field work, including John Cooper,

- 
John Cronin, Larry Dorsey, William Keefe, Robert Lippson, Robert Miller,

Martin O’Berry, Michael Reusing, Douglas Ritchie, and Ruth Wilson. My

appreciation is extended to all.
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T Design Considerations of Ultrasonic Transmitters as Fish Tags

The Ult rasonic Transmitter as a Fish Tag

;_S
_

p 

Mark and recapture studies of fish movement are useful techniques

T of the fisheries biologist. Fishes have been marked by dyeing, tattooing,

low and high temperature branding, fin-clipping, and by a variety of

internal and external tags. Marked fishes are released and hopefully

- recaptured in order to provide information on such problems as population
- .  size, migration , behavior , homing and guidance cues, and rates of movement.

Conventional fish-tagging techniques enable fisheries biologists to

obtain a large sample size at a relatively small effort per fish. Results

- 
are often dependent upon the cooperation of sport and commercial fishermen

- in recapturing the tagged fish and accurately reporting the circumstances

- .  of each recapture. A device which would allow the biologist to follow an
- 

j 
individual fish and to chart its movements necessarily greatly reduces the

- 
sample size but yields precise information.

Miniaturized ultrasonic transmitters attached to free-swimming fishes

can be used to provide instantaneous position data. The essential elements

of such a system are the ultrasonic transmitter, on or in a fish, and a

hydrophone receiver system used to determine the transmitter’s presence and

location. The electronic tag may be monitored either on a continuous basis -
; 1 by mounting the tracking equipment on rafts  or boats and following the fish’ s I -

movement or by placing automatic detection equipment at fixed positions to

record the passage of tagged fishes.

[ Ultrasonic tagging is best suited for relatively short-term studies

of the behavioral characteristics of aquatic animals ai~ constrasted with

F lengthy conventional tagging rrograms. This is due to several factors :

II  
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[ 1. The active life of the ultrasonic transmitter is limited by
L

the capacity of its interna l batteries .

2. Adverse weather and water conditions can interfere with or

- completely disrupt the tracking activities.

3. The technique is expensive. The quantity and quality of

data generated is a direct function of the man-hours invested.

Continuous monitoring is the most precise mode , but the most

expensive in terms of personnel. Fixed-location automatic

monitors demand less support time but provide lower quality

information. 
-

A well-designed ultrasonic fish tag should have a size, method of

attachment, and transmitting frequency which does not alter the behavior

of the hoat fish (nor the behavior of other animals toward the tagged

fish). The transmitter must have sufficient range to permit easy tracking

and to allow good separation of the tracking gear from the fish so that

its presence does not alter behavior . The longevity of the tag must suit
- 

the study requirements.
—

- I! In the design and utilization of ultrasonic transmitters, one must

- remember that th. nature of the output is not electromagnetic radiation ,

such as utilized in radio, radar and light transmission, but rather is an

I 
- acoustic or pressure wave of particle motion which cannot propagate across

a vacu~~. Transmitter design is greatly dependent on some aspects of sound

1. propagation .

Acoustical energy is dissipatec’ by three phenomena : spreading , absorp-

tion, and dispersion or scattering . Spreading losses are described by the

F familiar inverse square notation in which the energy level at some distant

II 
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~_ i_ point (with respect to the energy source level) is inversely proportional
S 

~~~~~~

- 

_ - to the square of the separation distance.

Absorption losses are a function of temperature, dissolved solids

- and the frequency. Absorption losses increase with decreasing temperature

and with increasing frequency and total dissolved solids, particularly MgSO4.

El. Scattering losses result from the deflection of acoustic energy by entrained
1.

particles, gas bubbles and biota. Spreading and scattering losses are for

- 
the most part not responsive to manipulation. This is also true of some

- aspects of absorption losses . Selection of the operating frequency, however,

does provide some flexibility. Since absorption losses rise with increasing

frequency, the designer looking for maximum range should select the lowest

frequency c-~nsistent with other design requirements.

I The relationship between the frequency and the physical size of some

• transmitter components precludes using very low frequencies. Additionally,

- the sound or its subharmonics must not be detectable by the fishes in the

I ~ 
studied system. Since size and frequency relationships have kept operating

f requencies in the region of 50 kH~ and above and fishes have poor to non-

existent auditory capabilities above 2 kH~ , t ransmission detection by fishes

- is not a problem. This may not be true in studies of large marine mammals

1. with higher auditory perception thresholds.

F 
Transmitter range, in addition to its relation to frequency, is also

~ 1.
a function of the operating life of the transmitter. At a given frequency,

I range can be extended by increasing the energy output . Since the small

El 
interna l batteries, which power all ultrasonic transmitters reported to

date , have a fixed limited capacity, usually rated in milliamperes per hour ,

increased energy output must be at the expense of operating time. In other
I

El
El 
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- r words , the battery may be exhausted at a high rate for a short time or at

a lower rate for a longer period.

J. Batteries as power sources for ultrasonic tags are a major problem

in transmitter design. They are bulky (often comprising more than 50°L of

I. the volume of a transmitter package) , relatively inefficient and prone to

premature , unpredictable failure . Unfortunately, there is little hope that

alternative power sources will be practical for ultrasonic transmitters in

the ~ar future.

- 
Transmitters can be, and have, operated continuously; that is, made

to produce an unmodulated ultrasonic signa l , but this is wasteful of energy.

Pulsing the output not only extends the transmitter operating life but cre-.

- - ates the possibility of reporting more than location data. If the pulse

j repetition rate is made to vary as a function of temperature or pressure,

- 
the transmitter becomes a remote sensing thermometer or depth sensor.

- Ultrasonic physiologic telemetry has been conducted with large marine animals,

and smaller transmitters now being developed will make similar studies of

of fishes practical.

MErHODS AND MATERIALS

The Ultrasonic Transmitter

The ultrasonic transmitters used in this study have similar character-

istics although two different sources for the devices were utilized. The

U 
transmitters used in 1971 and in one instance in 1972 were Type SR-69B

produced by Smith-Root Electronics of Seattle , Washington (see Fig . 1. and

fl Table 1). With the exception noted, the transmitters used in 1972 were

produced at the Chesapeake Biological Laboratory. In 1973, one commercial

U transmitter was used.
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Both types of transmitters employ a transistor, squegged, Hartley

‘ oscillator whole pulse repetition rate may be varied in construction

- but is fixed in an an individual device when ready for field use. An

additional audio stage, Ql , amplifies the pulsed oscillator output and

drives a piezoelectric crystal which functions as a transducer and rad-

iates the ultrasonic energy. The tag design does produce some unshielded

- - - 
radio frequency energy at the same frequency as the ultrasonic output h~t

S 

- 
- the range of this radiation is very limited under water and does not mai e

a useful contribution to the range of the device.

The power is supplied by a series of 6 #575 mercury batteries connected

in series. This configuration produces an initial output of 8.4 V, d.c.,

at 100 milliamperes (mA)/h or 0.1 A/h. In use , the voltage drops to 8.2 V

- and remains at this level for most of the transmitter operating life, until

- the individual cells begin to fail. The 00 mA/h is the current rating of
— 

- 

- 
one cell. The series configuration of the 6 cells increases the voltage

output of the individua l cells by a factor of 6 but does not make the cur-

rent additive. Replacing the expended battery pack restores the transmitter - -

- to full operation.

The electronics are potted in an epoxy compound inside a plastic capsule,

high impact polystyrene in the case of the commercial transmitter and in a

thin wall polyallomer centrifuge tube for the tag which I constructed.

The longevity of all transmitters is a function of two factors~ a) the

L current consumption during the conduction phase, when the transmitter is

producing an output ; and b) the duty cycle or the percent of ‘on’ time. The
1 

manufacturer ’s specifications call for a 27. duty cycle but both the commercial

fl and non-commercial transmitters have duty cycles of 17, or less.
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Table I. Component values for Smith-Root transmitter SR-69B.

— 
- -  

Cl .0047 microf arad

C2 .470 picofarad

C3 1.0 microfarad
- 

R I 2.5 meg ohms

R2 47 ohms

R3 varies part of RC. pulse rate determining network

1. R4 4l0 ohms
- 

7 
- Li 345 turns tapped at 55 turns lmH

- .  

L2 1 mI-I radio frequency choke

- 
Ql 2N429 1

Q2 2N4286
I .
L .  Transducer PZT tube 0.5 x 0.5 inches

- Battery Mallory 303940 8.4 volts at 100 mA/H

t 1. 1 An operating mode characterized by periodic rather than continuous
- oscillation. A squegging oscillator produces a series of pulses.
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~
-i 1. The transmitter consumes current only during the pulse pL)SSC, although

the waveform across a one ohm sampling resistor, monitored to indicate

- i . current, is rather complex (see Fig. 2). An initial, very short-

- - - duration, spike is followed by a longer, lower-magnitude segment. The

~

- 
i __ only current which flows during the interpulse period is the internal

I ~ 
T reverse biased leakage current of the transistors. The pulse repetition

rate in a completed transmitter is not a significant factor in current

I - 
Consumption and thus the transmitter longevity. There is almost no

- difference in longevity between the most rapid and the slowest pulse repeti-

tion rate transmitters. This is due to the fact that the pulse length is
- not constant but varies inversely as the pulse repetition rate. In theory,
- 

assuming a duty cycle of 27. and a pulse repetition rate of 40 pulses/mm

- 
or 0.67 pulses/sec, the pulse has length of 30 inillisec 0.03 sec. For a

pulse repetition rate of 480 pulses/mm (8 pulses/sec), the pulse length is

- - 2.5 msec (0.0025 see) . This is due to the nature of the squegging oscil-

lator1 and the relation of RC (resistor-capacitor) time constant which

determines the squegging rate. Squegging rate is a direct function of the

RC time constant. Since this constant is a multiplicative result of both

- I resistance and capacitance, either parameter may be varied to change the

pulse rep rate.

[ Table 2 displays the theoretical relationship of pulse rate and pulse

length in a squegged oscillator. Figure 3 illustrates from actual measure-

ments the relationship of pulse rep rate and duty cycle. Duty cycle may

be seen to vary only slightly, and linearly with large changes in pulse

U repetitior. rate caused by varying R3, the resistance in the RC time con-

stant network. Holding the value of R3 constant and varying C3, the

capacitor in this same network produces similar results with even better

U agreement with theory.
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- Table 2.

Pulse rate vs. pulse length 2.07. duty cycle

- 
-
~ - 

Pulses/mm Pulse length in msec

40 30
- 

80 15

160 7.5

- 
240 5.0

Ii 360 3.3

1 480 2.5

- 
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L j The fundamental or carrier frequency for most tracking missions

- - - 
. was 74±1.5 kH~ of 74 x l0~ 

cycles per second. The other frequency

~ 

-
1- ~ ~

1 employed in the study was 130 x ~~ cycles/sec. The 130 kIt fre-

- - 
- 

quency was required for compatibility with the fixed-tuned 130 kH~
- .. shore monitors, borrowed from California Fish and Game . The lower

f requency, 74 IcR , has an advantage in that given the same electrical

~ 1.
power output from the transducer, the lower’frequency suffers less

- - ~~
. 

attenuation over a given distance, i.e., has a greater range than the

-
- - higher frequency transmitter. This range difference is due to funda-

mental physical laws governing the relative attenuation of varying

radiation frequencies in water. Lower frequencies thus provide a ‘free
- 

ride’ by increasing range with no increase in current consumption.

A wide variation in the range of individual commercial transmitters

I has been noted. A small sample of con~nercial transmitters show that some

- units have a range of no more than 50% of other units. The variation

in range is not specified by the manufacturer of the commercial trans-

- 
- 

initters. The variations in range of the laboratory-produced transmitters

I has been held to a much smaller value.
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1.

Ultrasonic Tracking
1.

The s*~~ ary of ultrasonic tracking activities during the spring

of 1971, when five adult striped bass, Morone saxatilis, (Fish Nos. 1

through 5) were monitored continuously, was presented in C and D Canal

1. Investigations (Contract No. DACW-61-71-0062) Quarterly Status Report

No. 3, and in Koo and Wilson (1972).

Between 19 April 1972 and 11 May 1972, a total of 12 striped bass

1: were tagged with ultrasonic transmitters, released and tracked. Six of

- .  these fish (Nos. 7, 8, 9, 1.0, 12, 13) were tagged with 130 k115 tags for

detection by the two automatic shore monitors at Old Town Point Wharf

I and at Chesapeake City.

Six additional striped bass (Fish Nos. 6, 11, 14, 15, 16, 17) were

tagged with 74 kH5 transmitters and were continuously tracked using

portable monitors on small boats on a 24 h per day basis. Lengths of

1. tracks varied from 2 h and 5 m m  to 59 h and 15 m m .  one fish, tagged

j  with a 130 Ic1~ (shore monitor) tag, was also tracked on a continuous basis.

Four ultrasonically tagged American shad, Alosa sapidissima, were tracked

in the Delaware River estuary in early May of 1973.

1• The physical size of the ultrasonic transmitter used, 65 nmi long

1. by 14 ~~ diameter, precludes the tagging of small fishes. Striped bass

f (Morone saxatilis) were chosen for ultrasonic tagging on the basis of

scologic and coninercial importance, size, and movement patterns. Striped

bass were considered especially important because of their utilization of

r the study area as spawning grounds. Striped bass were recovered from the

fishing gears in sufficiently good condition to warrant their use in this

Ii study.

- -—- -f-
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r Two types of equipment for tracking the tagged fish were omployed

in this study; mobile, manually-operated detection equipment mounted in

f boats and, in 1972, fixed location, automatic shore-based monitors.

The automatic shore monitors recorded a signal by means of a slow-

1. speed magnetic tape whenever the submerged hydrophone sensed a signal of

the proper frequency and amplitude. A time base signal was also recorded

• I automatically so that events could be correlated to a real time base.

I Since this equipment responded to any signal of suitable freque’~cy and

amplitude such as passing ship traffic, it was necessary to learn to dis-
H~ 1~ 

-

L criminate between the tag-produced signal and other cyclic sounds.

• Six automatic shore monitors were borrowed from California Fish and

Game Coimnission. Two monitors and hydrophones were determined to have
¶ sufficient sensitivity to warrant their installation along the Canal.

One unit was installed at Town Point Wharf and the second unit was placed

in front of the Corps of Engineers’ administrative headquarters building

at Chesapeake City. Had more functioning monitors been available, they

would have been deployed to cover the entire Cana l area from Turkey Point

I to Reedy Point. 
-.

Striped bass, fitted with 130 kB~, shore monitor compatible tags,

were released on two dates within the spawning period. It was soon

determined that the hopper dredge, “Comber”, operating in the Town Point

Wharf area, produced sufficient acoustical noise so as to render that

station useless. Data from the single remaining station are much reduced

in value and this type of tracking was terminated.

I The primary method of locating ultrasonically tagged fish involved

- the use of receivers aboard boat. which followed the fishes’ movement

on a continuous basis . In spring of 1971, tracking was accomplished

~1
I _ I  
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using the R/V ORION, as well as outboard-powered 17-ft boats. In 1972

and 1973, the open boats were used exclusively. In 1972, a four-man

tracking team was split into two crews of two men each. Tracking crews

rotated on an eight-h-on and eight-h-off duty schedule. Personnel were

L rotated on station by means of a second boat so that the tagged fish was 
• -

under surveillance at all times. In these open boats, the tracking gear

was set up so that one man could track the fish and run the boat.

The tracking boats were equipped with Vid~ radiotelephones and, in

the middle of May 1972, with an indicating fathoineter.
H

Fishes used in this study were acquired from commercial fishermen

H using two types of gear; stake gillnets deployed 24 h per day in non-channel

areas of the lower Elk River and drift gillnets fished between Welch Point

and Summit Bridge during periods of slack water.

- Individual fish to be ultrasonically tagged and tracked were selected

• 
• on the basis of species, size, condition, sex, and stage of sexual maturity.

An additional factor, availability, became a consideration in early May

1972 and 1973, when the number of large fish decreased markedly.

Fishes were retrieved from the nets, measured, weighed, tagged with

1’ an external Peterson tag and an internal ultrasonic transmitter. The
- L ultrasonic tag was introduced via a tube inserted past the pharyngeal

F teeth, through the esophagus, and into the stomach. In striped bass, the

stomach forms a blind pouch and placing the tag in this caecum reduces the

probability that the device would be passed through the intestine. The

fl 
use of th. tube both reduced the time required for tag insertion and

ensured tha t the pha ryngeal teeth did not abrade the watertight tag capsule.

II
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C The internal tagging site was chosen after tests conducted by

Dr. Andy McErlean and Mr. Larry Dorsey at the Haliowing Point Field

J Station indicated that striped bass retained similar size dummy tags

without irritation of the stomach lining. During field use in 17 fish,

only 1 regurgitation was noted. This was after a continuous track over

1 58 h. During our longest track, 1 fish was followed intermittently for

99 h. Other species react differently to internal tag placement. In

tests of 4 channel catfish and I white catfish, all tags inserted into

- the stomach were regurgitated within 24 h. Sixty percent were rejected

in a few minutes.

I Tagged fish were released at the capture location and were not

transported in 1972 and 1973 and, with one exception, in 1971. The time

out of water was no more than l?~ mm , usually under 1 win. Fish were

• measured and tagged while being retained in a large rectangular fiberglas

1.. • tub. After tagging, fish were not held in a holding tank or otherwise

I confined but , instead, were immediately released. It was reasoned that

if the animals were in good condition before tagging, the 90 sec or less

• spent out of water was not sufficiently detrimental to be lethal. It was

further assumed that holding the fish for extendedlengths of time in a

necessarily small tank or live box would add to the fish ’s disorienta-

fl tion and would extend the period of atypical behavior.

The tracking crew activated the detection equipment prior to the

II release of the tagged fish and its movements were followed as soon as

it was released. Tagged fish were tracked until one of the following

U criteria had been met:

II
)
U]

- • • • 
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is 1. Fish left the study area .

2. Tagged fish regurgitated the ultrasonic transmitter.

3. Insufficient visibility to accurately establish the tracking

j boat’s position (a problem only on open-water ortions of

the study area).

4. Loss of signal from the transmitter in the fish.

5. Unsafe small-boat weather.
: 1

Table 3 presents a s~manary of the tracking activities in 1971 and

1 1972. In this table, track no. refers to the year and sequence of the

track. Fish No. is an identification number from a continuous series

throughout 1971 and 1972. Date rd . is the date of release. Rd . b c .

• is the release location. Gear is either SG (stake gilinet), or DC (drift

gillnet). Pet. tag is the i.d. number of the Peterson disc tag and U/S

tag no. is the serial number of the ultrasonic tag. Freq. refers to the

operating frequency of the ultrasonic transmitter. Mat. indicates the

• sexual maturity of the gonads, immature, mature or refractory; and con.

r refers to the spawning condition -- pre-spawning, running ripe, or spent.
I.

Last known pos. is the location of the last ultrasonic contact.
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I. Track No. 72—1 Fish No. 6

1. Date tagged and released 19 April 1972 Time of release 0921

I Length 692 nun Weight
:4

Sex Male Maturity and condition Mature, running ripe

Ultrasonic tag S/N 308 74 k11

; r Peterson tag CC 371

r 
Capture gear Stake gill net

Capture/release location Elk River near Crystal Beach , south side
of ship channel 39° 26’ 50”N

75~ 591 22”W

• Last known position Elk River near Pond Creek mouth
• 39°25’ O”N
- 760 0’ 38”W

1 .
Distance covered by fish during track 8780 meters

• Track duration 8 h 14 miii Average speed over the bottom
rn/sec

Ia
Weather light S.W. winds

sunny with haze
• air temp cool

• U
U
II
II
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r General description of fish’s movements.

• 
This fish displayed an alternately moving and stopped pattern of

• 
movement with an average speed over the bottom of 0.3 rn/sec. After

being captured, tagged, and released in 6-7 m deep water, it moved

toward the south bank of the Elk River and shallower water depth (1 m).

The fish changed direction frequently but the overall pattern was move-

• - .  went toward the southwest out of the Elk River toward the Chesapeake Bay.

Unusual movement patterns noted.

Immediately after release, the fish was on the down-current side

• - . of the stake gilinet and was observed by the changing position of its

UST signal to move laterally along the net face. This observation was

1 ; confirmed by the crew of the second tracking boat. After at least 7 mm

• 

. 
of movement along the net face, the fish passed beyond the shoreward end

of the net

1:
jT

A

~~11

~: ~y

II
~~ ~~~~~~~~~~



/ 
28~~~

r Track No. 72-2 Fish No. jj

Species - Striped bass

I Date tagged and released 20 April 1972 Time of release 0830

• Length 870 nun

- - 
Sex Male Maturity and condition Mature, running ripe

• 
:. 

• Ultrasonic tag S/N 120 74 kH~ 
Conmiercial manufacture

Peterson tag CC361

Capture gear Stake 8i11 net

Capture/release location Elk River near Crystal Beach, south side
of ship channel, 39°26’43”N

75°59’24”W
4 .

- - Last known position Elk River 250 meters west of release point
39°26’32”N
75°59’58”W

• Distance covered by fish during track 2100 meters

Track duration 1 h 50 mm Average speed over the bottom
0.32 rn/sec

ii
i Weather Winds light from the southwest initially

• - O,ercast, intermittent light rainI - late in the t’ack
• Wind velocity increased during track

Air temperature cool

~ I
[T .

U 
.

II
• I l  
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r 72—2 (1)

General descr~ption of fish’s 
movements.

~ 
Fish #7 remained near the edge or in the ship channel in water depth

I varied from 6 to 12 m for the duration of the track. The fish moved

• 

• 

~ £ sporadically for a large portion of the track. Its general direction

• became SW against an eastward flow in the later portion of the track. The

fish was headed southwest towar~d the mouth of, 
and out of, the Elk River

I [I when the signal was lost.a

Unusual movement patterns noted

1 k
• 

~ U This fish remained stationary at the face of a stake gill net. It

did not move laterally along the net face, and was believed to be entrapped

I. in the net. The fish moved away as the coninercial fisherman raised the net

• I and the two tracking crews then surmised that the fish may have been hold-
a 

ing position at the net face but not entangled in the mesh.

5 
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Track NO. 72-3 Fish No. 12

• Species Striped bass

Date tagged and released 26 April 72 Time of release 0930

• Length 794 mm

• 1 ~ Sex Female Maturity and condition mature/prespawn

Ultrasonic tag S/N 1015 130 Id~

- 

Peterson tag CCIOO

Capture gear drift gill net

- Capture/release location Chesapeake and Delaware Canal, 910 a
I east of Maryland border

39°32’52”N
- 75°46’22”w

~ I Last known position 39°32’52”N
75°39’22”W

Track duration 60 h

1. Weather Winds, light and variable to calm;clear sky.

• Air temperature cool (8 - 10°C maximum, 2°C minimum)

• 
~ 1.

~1i
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I
Track No. 72-3 Fish No. 14

[I

Species Striped bass

[ Date tagged and released 26 April 1972 Time of release 0939

Length 927 nun

[ Sex Female Maturity and condition mature - prespawning

Ultrasonic tag S/N 312 74 kH
~ 

non-commercial

Peterson tag CC1O2

1 Capture gear drift gill net

Capture/release location released 910 in east of Md. border in
U the C & D Canal 39°32’lO”N
1. 75°46’lO”W

I Last known position 39°3V 38”N off the mouth of the railroad cut
- 75°43’05”W in the C & D Canal

• Distance covered by fish during track 11 lan

F Track duration 59 hours, 46 win Av. speed over the bottom
L. 0.3 rn/sec and 0.03 m/sec*

IT
U Weather Winds light and variable to calm; clear sky

Air temperature Cool
S 
(8 - 10°C maximum , 2° minirnt~~ -

* See track description and comments.
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No. 72-3

1. General description of the fishes movements

• fT 
Fish No. 14 was captured in a drift gill net in the Chesapeake and

• Delaware Canal near Bethel, Mary land. It was released into a slack

current in the company of two other large, ultrasonically tagged striped

bass. Fish No. 12 was a 794 nun pre-spawned female and fish No. 13 an

1. 854 nun pre-spawned male. Fishes 12 and 13 were tagged with 130 UST

for reception by the automatic shore monitors but their tag signals

were detectable with the tunable receiver on the tracking boct.

j fT Fish No. 14 swam near the north bank of the canal in an eastward

- direction, stopped for over an hour at the shadow of the stawnit bridge,

1. and then resumed swimming east near the north bank of the canal until

it reached the vicinity of the blind channel known as the railroad cut,

where it stopped. This fish remained within a section of the canal

L 700 w in length from Wednesday afternoon until after dark on

• Friday evening.

Sometime after 2025 hrs on Friday, 28 April, the UST signal stopped

j changing location. The fish could have regurgitated or passed the trans-

mitter and/or the fish could have expired and become lodged in the rocks

1: that form a protective rip-rap along the canal bank. Regurgitation or

passing the transmitter is more likely the explanation.

1 During the track of fish No. 14, the tracking crews also listened

I for a l3OkH tagged fish. Fish No. 12, a female, tagged and released

within a few minutes of fish No. 14, was observed in the vicinity of the

III primary fish (Fish No. 14) until she reached the shadow of the Stmunit

fl Bridge. Fish No. 14 stopped at the bridge shadow for over one hour,

while fish No. 12 continued on without any apparent hesItation. The

II position of this 130 W4~ (fish No. 12) tagged, 
fish was not as closely

monitored as wa s the 74 kR5fish (No. 14), but the presence of the other - .  I

II
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~ female was noted in close proximity to fish No. 14 for several long

I. periods of time during the tracking period .

Unusual movement patterns noted.
I

Fish No. 14 exhibited three distinct movement patterns . Initially,

• L she moved rather rapidly to the east for 5.7 kin with an average speed

over the bottom of 0. rn/sec. This wean speed included the one h plus

- station holding at the shadow of the Simunit Bridge. The speed over the

— —
1 
~ 

( bottom increases to 0.3 rn/sec exclusive of this period. The station

- 
holding in mid-channel at the edge of the bridge shadow is the second

~ 
I type of movement pattern.

The third type of movement pattern occurred after fish No. 14 reach&

the vicinity of the railroad bridge. She localized her movements b.twe~i

the railroad cut and the overhead pipeline and remained in this area for

- 
the next 53 h. During this time she covered a ground distance of 5.3

f km at a wean speed of 0.03 rn/sec , an order of magnitude reduction. A sig-

nificant factor in this reduced speed was many long periods when the fish

remained near the bank at a fixed location.

1 It is possible that fish No. 14 spawned while being observed by ultra-

sonic tracking methods. This belief is based upon several considerations.

I When tagged and released, the fish was pre—spawned by sexually mature.

It was captured in the company of other similarly sexual mature male and

female striped bass.

fT As observed by ultrasonic tracking methods, pre-spawned striped bass

in good physical condition have characteristically moved rapidly, while

[1 post-spawned fish have exhibited long periods of no location change inter-

apersed with slow movements. This fish first moved rapidly and directly
U and then its behavior changed abruptly to long periods of fixed position

II and very slow movements within a relatively small area .

II
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I Numerous instances of striped bass spawning activity were noted in

- the immediate vicinity of this fish’s position while under observation.
4 1 1
• . Photographs of some of these surface activities offer additional evidence

- 

~ 

that the species involved was striped bass. Analysis of fish egg collec-

tions made as part of the overall study demonstrate that the peak of

spawning activity for striped bass in the C and D Cani~l occurred during

the tracking period. These same collections also indicate that signi—

fcant striped bass spawning takes place in the vicinity of this fish’s

location.

Comments on 72-3
• 

~r 
~

A great deal of fish splashing on the surface were observed as a common

event during the track of fish No. 14. The splashing was readily observed

or heard at night when wind noise and other sounds were reduced but the

activity was noted during the hours of daylight.

. At least some of this surface splashing is presumed to have been

striped bass spawning activity. Tracking crews saw large striped bass

roll on their backs and swim in an inverted position on the surface for

several se~onds while accompanied by smaller fish splashing. These obser-

vations conform to the classic description of rock fights or striped bass

nuptial dances in which a large female is observed at the surface surrounded

I by numerous smaller male striped bass.
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Track No. 72-4 Fish No. 15

Date tagged and released 10 May 1972 Time of release 0850

I i..
Length 465 nun Weight 1.3 kg

I ~ L Sex Male Maturity and condition Ma ture, post-spawning

t L Ultrasonic tag S/N 320 74 kH2 30 pulses/win

Peterson tag CC 103

I.. Capture gear Drift gill net

U Capture/release location 39°31’23” N 75°52’29” W
I in the C & D Canal channel near Welsh Point

fT Last known position 39°30’l8” N 75°54’2l” W
• off Poet Herman

- Distance covered by fish during track 3660 Th%

I Tiack duration 3 h 30 win Average speed over the bottom
0.29 rn/sec

Weather .~ Wings breezy; fair sky 
-

- 
Air temperature cool

I
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Track No. 72-4 Fish No. 16

Date tagged and released 10 May 1972 Time of release 0900

I:
- 

Length 730 nun Weight 
~~

• 
a Sex Female Maturity and condition Mature, post-spawning

• L Ultrasonic tag S/N 311 74 ku 192 pulse~’~j~

Peterson tag CC 104

Capture gear Drift gill net

~ 1 
Capture/release location 39°31’31” N 75°52’17” W, in the

C & D Canal channel near Welsh Point

Last known position 39°26’ 1511 N 76°Ol’5” W, In the
Chesapeake Bay southwest of Turkey Point

Track duration 37 h 10 mm  Average speed over the bottom
• •045 rn/sec

~ 1 
(5}Cm in 3l h)

• 0.59 w
(13.l Xm in6h ., -

• • 10 win)
Distance covered by fish during track 18.1 km

Weather Winds breezy; fair sky

1’ Air temperature cool

I 
.
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Track No . 72-4 Fish No. 17

Date tagged and released 10 May 1972 TIme of release 0910

Length 670 nun Weight 3.6 kg

I. Sex Male Maturity and contition Mature, post-spawned

~~• 1; 
~ 

• 

Ultrasonic tag S/N 315 ~~ ~~2 
78 pulses/mm

fT Peterson tag CC 105

Capture gear Drift gill net

~ I I
Capture/release location 39°31’40” N 75052t02~ V

in ship channel near Welsh Point

Last known position 39°30’55” N 75°53’57” V

Distance covered by fish during track 4600w

Track duration 10 h 42 mm Average speed over the bottom
0.1 rn/sec

- Weather Winds breezy; fair sky

[ Air temperature cool

Ii
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F General description of fish’s movements. 

72-4

Albert (Fish No. 15) , a 46 cm post-spawning male striped bass, moved

1. rather deliberately from the release site on the south side of the navi-

- gation channel inside of Welch Point toward the mouth of the Elk River.

Its last noted position was near Town Point after traveling over the

bottom at a mean speed of 0.3 rn/sec. Betty (Fish No. 16) a 73 cm post-

spawning female striped bass, exhibited two rates of movement. For the

initial 31 h of the track, Betty moved very slowly over a distance of 5 km

with a mean speed over the bottom of 0.045 rn/sec. At approximately 1645

on the second day of the track, this fish began heading west against the

-

~~ I eastward flowing current. In the next 6 h and 10 win, Betty covered a dis-

H tance of 13.1 km at a mean speed of 0.6 rn/sec. The tracking crew terminated

the track in open water when they could no longer establish their position

-, with enough accuracy to make pursuit meaningful.

• Charley (Fish No. 17), a 67 cm post-spawning male striped bass, moved

from the release area near Sandy Point in Back Creek towards Welch Point.

• It remained in shallow water off the end of Welch Point for most of the 10th

I - 
of May, the first day of the track. Its position was last noted on the oppo-

site (west) bank of the Elk River at 2238 h on the 10th. During the track,

L it covered a distance ‘~f “
~~ 

least 4600 m in 10 h, 42 win for a mean speed

I over the bottom of 0.1 rn/sec.

Unusual movement patterns noted.

• Betty (f ish No. 16) exhibited two distinct patterns and rates of

[I movement . During the initial phase, her movements were very slow with

• ~~~~~~

• periods of back and forth movement within a small area . The path of her

track was confined to the vicinity of ship channel. The net movement

direction (through severa l current reversals) was very slowly westward.

I’ 
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I The second phase of her behavior, e.g., rapid westward movement, began dur-

• ing a steady tida l current state and almost (4 h) before darkness. Her

L change in behavior was not correlated with any external stimulus which was

noted by the observers. This track was the first in which several fish

• were tracked simultaneously. Two males, Albert and Charley, and one female ,

Betty, were tagged with transmitters of the same carrier frequency but with
a

different pulse repetition rates, e.g., 30,182, and 78 pulses/win, respectively.

I. The pulse rep. rates were easy to differentiate under field conditions. Some

r trackers reported that the 78 pulses/win tag was the easiest signal to track.
1.

In practice, the simultaneous tracking of several transmitters can

• be accomplished only when all of the units are within range of the tracking

- gear. If they become spatially separated, the tracking crew must move from

1. one location to another noting times and positions of the various targets.

- Inherent in this technique is the danger that a tagged fish will move to a

distant location between ovservations or that because of bottom topography

• 
fT 

or accoustic interference, the signal range will be reduced, preventing the

• 

tracking beam from relocating a nearby transmitter.

F The result of either situation is that the fish is lost. Sometimes

• fT the signal is relocated , as happened with Charley when he was found on the

west bank of the Elk. We were not so lucky with Albert even though a grid

search pattern was set up and executed.

• Many field experiences with ultrasonic transmitters have led some

U workers to feel that transmission range in shallow water, especially areas

with multicellular vegetation, is highly variable but generally much reduced

I rem vegetation-free deeper water.

El
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I SONIC TAGGING ACTIVITIES 1973
‘

~~~ 1. P
CBL/cMS Cooperative Fieldwork

I
Between 1 May 73 and 7 Nay 73, four American shad were tagged with

74 kH~ ultrasonic tags and with Peterson disc tags and released in the

- - - 
Delaware River estuary. A fifth fish was tagged but, due to its poor

condition, was not released. Fish were captured, tagged, and released

• in the shallow-water zone between Reedy Island and the Delaware shore near

1 Port Penn and Augustine Beach.

Fish were captured by a commercial drift gillnetter under contract to

the College of Marine Studies, University of Delaware. Coincidentally,

with the shad sonic tracking study, a Peterson disc tagging program for

several species was underway. The gilinetter and a tagger watched the

I corks for evidence of a fish in the net (a single net was fished) and

I retrieved and tagged the fish very soon after it became trapped. - An~

additional boat with the sonic tracking crew and equipment stood by and

inserted a UST in suitable shad which were immediately released and tracked.

The o4erall plan was to track from the outboard boats during the day

while the R/V WOLVERINE conducted trawling operations. This plan was

[ negated by the mechanical breakdown of the R/V WOLVERINE during most of the

tracking effort. Sonic tracking was thus limited to single-day, daylight-only

1. periods.

- In several instances in this tracking season, the tracking was corn-

- promised by greatly reduced signal strength and range. Several possibi-

1’ 
lities exist in explanation.

1. Inexperience in operating the receiving equipment. This must be

•~ fT considered for some team members but others, Wilson and Gray are

very familiar with the technique and also had trouble with range

• • •~~~~~~ • ~~~~~~ 
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F 
of the liST’s. Both commercial and noncommercial UST’s suffered

reduced range in fish and in separate range checks.

L 2. Aging batteries definitely would have been a factor if the tracks

went on for many days but my lab tests indicate that the transmit-

1. ters should have operated with acceptable output for at least 5

or 6 da.

3. Water quality or vegetation in the shallows contributing to acoustic

absorption. Experience in the field made inc consider this possibi-

lity. This concern was reinforced by conversations with Mr. James

Friedersdorf of NOAA who found similar severe range restrictions

in the same area.

4. Damage to the transducer crystal due to rough handling. This is

very likely the cause of at least one track failure. I inadvertently

discovered late that shock can damage the acoustical output of the

transducer and yet the unit can produce a deceptively strong signal

at close range. The effect is that the UST tests well in the field,

but has very limited range.

• 5. Partial breakdown in the receiving system. Not a facto~ in this

season’s work.

L ~

- 

Summary of Tracking Efforts 1973

73-1. 1 May, prespawning male American shad 490mm , tracked by Wilson

• and Gray. Fish captured and released at 0955 and moved quickly towards a

creek mouth between Augustine Beach and Port Penn, where it remained sta-

El Uonary for 20 win. It then began moving downriver while opposing a strong

flooding current. The fish continued to move downriver for the duration of

El the track through a current direction reversal.

. 1 1

_ _  _ _  _ _ _ _ _ _  
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Tracking was difficult  in the shallow water behind Reedy Island but

• became easier in coincidence with deeper water. Tracking was not especially

1. difficult in the swells encountered near Artificial Island, but the

tracking crew made a deliberate effort to keep reasonably close to the fish.

L Reacquiring the signal from a lost track would be quite difficult in this

sea state. Track was terminated by mutual decision of QIS and CBL t eam

leaders as the fish was leaving the study area and the “mother ship” WOLVERINE

F was out of coemission.

Track duration - 4 hr, 10 win

Track distance - 7.7 Ian
I 

-

73-2 . 1 May, prespawning male 480 nun released at 1030 h off Port Penn ,

tracked by C~1S staff. Signal location remained fixed for 5 h and tracking

crew terminated the track, believing that the UST had been regurgitated.

I This same fish was relocated at 1105 h on 2 May by Wilson and Torn Meyers at

a position 1.2 kin of its release point. Various other trackers were brought

Ii to the site to gain additional experience in tracking a UST. Later, on 2 May,

this liST could not be picked up at the second location. Subsequent searching

did not find it.

73-3. 2 May, 321 prespawned. female 455mm. Tagged and released between

Port Penn and Canada s Beach. Tracked by CMS staff. Moved south (downriver) 
•

very slowly for 2 h, signal lost near Augustine Beach.

El Track duration - 2 h

El 
Track distance - O8 tan

73-4. 7 May, male, prespawning 415 sin S/N 309. Tagged and released

U near Port Penn at 0930 h. No signal from UST in the water, even though the

UST had been field-tested several times that day. Tracked by Wilson and

LI 04S student.

II
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73-5. 7 May , female prespawning . Tagged , but not released . Fish
~ I. in poor condition . This fish was dissected and photographed.

a Behavior observed in 12 striped bass

~ I 
Net avoidance was demonstrated in a very clearcut manner by two fish.

• These ind ividua l fish approached stake gillnets and either made lateral

movements and passed by the net or remained stationary until the net was

lifted out of the water. One fish, in 1971, passed over 3 drift gilinets

in the Canal . It is not known whether this fish was actively avoiding the

j nets which are fished near the bottom or simply swam at a net-free depth by

- chance. Net avoidance was observed in 67% of the three possible cases .
I Distinct behaviora l difference in the presence of a large shadow was

positively observed in one instance during the simultaneous track of two

fish . These large , prespawned females approached the shadow of the Stumnit

• Bridge near noon on a clear day and one fish hesitated at the edge of the

• bridge ’s shadow for over an hour. The other fish was not observed to change

• pace in the vicinity of the bridge. It is perhaps meaningless to offer a

7 percentage of observed vs. possible shadow avoidance reactions, as light
- intensities were not quantified during this study. It is interesting to

j note that the two f ishes of the same species , sex, and sim~lar spawning con-

dition displayed such a different behavior in the presence of the shadow.
1 1. Swisming near the shoreline vs. the mid-channel area , especially when

I . facing a current flow , was demonstrated by most of 11 (73%) fishes during

some of the observation period. Fish that were switimiing with a current flow

did not demonstrate a clear position preference.

Eight fish were much more frequently located out of th. channel . Two

U fish (18%) were f ound in or near the channel and one fish (8%) displayed

varying preference but finally left the study area via a d..pwat.r midchannel
Li route. Six fish were not observed for this characteristic (shore-monitor tags).

-___

~ ~
. 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ — —-
~~~~~~~~~~ 1i. —~~~~ -~ ~~~~~~~ —. — — -~~~~~~



- —~~~~~~~~~
- • • • -~---~ -~~~~~~ 

— •------- —.-- -- 
~~~~~~~~~~~~ 

-
~~

--—- -•

~~~

46

Within the group that preferred proximity to the shoreline, the three

1. fishes observed for the longest periods of time demonstrated the greatest

preference. Fish 5, a post-spawned female tracked in May 1971, remained

within 10 m of the bank for most of the hours of daylight for the 4 d of

constant observation. Even during her nocturnal movements, a definite

shore-zone preference was indicated. Fish 14, tracked in 1972, again a

~~
1.
1. large, prespawneo female , swam near the north bank from close to the release

point to a position near the old railroad cut and while this fish roamed

slowly within a 2 .5 km long region between the railroad bridge and Summit

~ I 
Bridge, the movement was restricted to the 10-15 m nearest the bank. Fish

12 also preferred the shore zone but since this fish was observed in addition

to fish 14. during the same period , its movements were not as precisely charted.

A marked difference in day-night behavior was observed in the behavior

of fish 5, but not to the same degree in any other tracked fish . This post-

spawned female remained cirtually stationary during the day and made noctur--

nal excursions within a 6.5 km section of the Canal. No other fish tracked
J 

~ I
exhibited such a clear did behavior pattern. Fish 14’s behavior pattern

• i - contained periods when th, fish was stationary for up to two hours, but a

more general ooservation was that the fish was moving at various slow speeds

fT to and fro along a 2.5 km segment of the north bank of the Canal.

Chang. in behavior with respect to change in current conditions was

1. observed in all fishes whose period of observation lasted through a slack

r tid. or tidal current reversal. Some fishes apparently took refuge from

adverse current directions and velocities by moving into eddies or slower

II currents near shore and when currents slackened and reversed direction,

distinc t behaviora l changes were noted . Fishes were observed to hold a

I] position duri ng curr ent flow in one direction and , when the flow began in

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~ I 
the opposite direction, to move with it or sometimes against it , but the

change in tidal current seemed to be the stimulus.

I The passage of large vessels, even in the restricted area of the Canal,

- had no observable effect on the behavior of most fish . A few instances of

a shift in the tracked fishes position was noted in 1971, but no repetition

• I of this reaction was observed in 1972. In 1971, many vessels passed which

did not cause startle or fright reactions in the same fish which at other

times responded to this type of disturbance. At all times, the tracking

• crew attempted to maintain a separation distance of at least 100 m, especially

~hen the tracking boat’s engine was running.

• The observations of 12 fishes cannot form the basis for hard and fast

conclusions, but coupled with information for other phases of this same

overall study and other data have led me to the formulation of a working

- hypothesis concerning striped bass migration patterns in the Elk River,

Chesapeake and Delaware Canal.

I Beginning in March , sexually maturing striped bass in prespawning-

ripening condition approach the Elk River , Chesapeake and Delaware Canal

system from both the Chesapeake and the Delaware Bays. The relative contri-

button of the two systems is not fully quantified but the coemercial land-

1 ings and other evidence indicate that the great majority come from the

I Chesapeake Bay.
- 

On th. Chesapeake side, the abundance is greatest at the mouth of

the Elk River, at first. The region of greatest abundance gradually moves

toward and into the Canal itself. Prior to spawning , individua l prespaw n-

fish move extensively throughout the system. Some fishes transit the

f l Canal, pass into the Delaware River , and then return to the Chesapeake Bay
• via the same C and D Canal. Others m ove out into Chesapeake Bay and then

return . The peak of spawning activity takes place duri ng a two-week period
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~~~~

----—
~~~~~

--- - -- .4 • • - • -jFL~ ~ ‘#- -.~~ ~~~~~~~~~~~~~~~~~~~

_______ - . ~1

k ~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
‘
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~ 
i— — ~~~~~~~



— —-— - -
_~~~~~~~~~~~~~~~~~~

- ---‘-— - - —

~
—

~~~

-— ---— -P-- .-—

1~~
48

• 
i 

at the end of Apri l -- the beginning of May. Fish remain in the system for

• several days or move after spawning, probably resting, since movement re-

I cords contain long periods with no change in position. Post-spawned striped

bass then migrate out of the Canal into both the Chesapeake Bay and the

~ ‘- Delaware River.
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Results - The Effects of Currents on Fish

One of the major effects of the Canal enlargement is the increase

in current velocity. Pritchard and Cronin (1971) state that the
a 

average maximum tidal velocities and the mean tidal velocity will be

I increased by a factor of 1.23 or 23%. Table 4 shows the relationship

of velocities in the 27 ft deep, 250 ft wide, and 35 ft x 450 it Canal.

I. The average uiaxinnmt tidal velocity is shown to be 3.57 ft/sec or 1.09

meter/sec during an eastward flow for the enlarged Canal and an average

maximiun tidal velocity of 2.90 ft/sec (.88 ni/sec) for the unaltered

27 ft by 250 ft waterway. The westward flow figures are 2.80 ft/sec

- 
(.85 m/sec) (35 x 450) and 2.28 ft/sec (.7 m/sec) (27 x 250).

• I The NQAA Tidal Current Tables for 1958 through 1972 report an

average maximum current velocity at Reedy Point Bridge of 4.42 ft/sec
- (1.34 meter/sec) eastward flow and 3.38 ft/sec (1.03 m/sec) eastward flow

at Chesapeake City Bridge. The entrance to Back Creek is shown to have

an average maximum tidal velocity of 1.7 ft/sec (.51 m/sec). The mean

~ 1. velocity of these three stations in the Canal is 3.15 ft/sec (1.06 m/sec)

f - which is not greatly dissimilar from Pritchard’s 1971 report of Wickers’

1938 study of the hydraulics of the Canal.

[1 Tab le 4 shows that the eastward flow is the strongest, the westward

flow toward the Chesapeake Bay the weaker, and also that the average

I] maximum current velocity increases towards the eastern (Delaware) end

U of the Canal. Current velocities in the Elk River portion of the study

area axe much reduced from those in the dug Canal.

U
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• J Table 4. Tidal velocities

fT Average maximum tidal velocities in the Chesapeake and Delaware
- Canal*

27 ft x 250 ft 35 ft x 450 ft
I. Eastward 2.9 ft/sec (.88 m/sec) 3.57 ft/sec (1.09 rn/eec)

U Westward 2.28 ft/sec ( .7 m/sec) 2.80 ft/sec ( .85 m/ sec)
L..

- . - Average maximum tidal velocities at three locations in the• 
I 

Chesapeake and Delaware Canal+

• Back Creek Entrance Ches. City Bridge Reedy Pt. Bridge• Eastward 1.7 ft/sec (.5 m/sec) 3.4 ft/sec (1.0 rn/eec) 4.4 ft/sec (1.3 m/sec)

Westward 2.0 ft/sec (.6 m/sec) 3.2 ft/sec (1.0 rn/eec) 3.5 ft/sec (1.1 rn/eec)

- * Pritchard and Cronin, 1971

I + NOAA Tidal Current Tables, 1972
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II Table 4 indicates that fishes entering the dug Canal from the

Chesapeake must swim against currents with an average maximum velocity

I of 0.6 m/sec, increasing to 1.1 meter/sec at the Delaware end of the

- ~aual. A 237. increase in these velocities would give currents of .7 and

1. 1.4 meters/sec. Do currents of such velocities represent a barrier to

I t~.e passage of fishes?

Many studies have been conducted to determine the maximum swinining

I speeds of various species of fish (Stringham , 1924; Wales, 1950; Gray,

• 1953; Paulick and DeLacy, 1957; Bainbridge, 1958, 1960, 1962; Blaxter

and Dickson, 1959; Boyar, 1961; Brett, 1964). Studies of the cruising

I - speeds were undertaken by Magnan, 1930; Fry and Hart, 1948; Davidson,

1949; Radcliff, 1950; Paulich and DeLacy, 1958; Brett, Hollaç~ds~ and

Alderice, 1958. These studies indicate that the size (length) of

fishes is a determinant of the speed which can be attained and maintained.

- Fishes can achieve speeds of the order of 10 body lengths per second for a

very short time, 1-2 seconds, but can swim at 3 lengths/sec for -

long periods (Bainbrtdge , 1960; Brett, 1964) . Boyer (1961) notes that

swimming endurance is dependent upon length and water velocity. As the

velocity increases, swimming endurance for a particular length-class

• L decreases. As the fish-size increases , its swimming endurance at a

fl particular water velocity increases.

Figure 8 presents a generalized swimming endurance curve. Below

U 3 lengths/eec, the curve quickly becomes asymptotic for time or

U 
endurance. Bainbridge (1958) studied trout which had been swimming

continuously at a cruising speed of fran 1.0 to 1.5 lengths/sec

II for exactly one year. Large fishes can cruise at speeds which are

greater than the cruising speed of small fishes.

II -H
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F tansy (1952) reports that almost all male striped bass (23 cm or

P . more in length) were found to be sexually mature and capable of spawn-

J tog. In females of this species, 257. of the 46cm in length fish

• and 837. of 56 cm length fish were mature spawning fish. For male

striped bass, with an assumed cruising speed capability of 3 body-lengths

I per second, a water velocity above .84 m/sec would prevent progress over

the bottom, therefore

1. 11” (.916) ft or 28 cm x 3 2.75 f/sec (.84 m/sec)

• For females of 22: or 56 cm length, a current velocity of 5.50 ft/sec

(1.68 rn/eec) would be similarly limiting, namely

1 1.83 ft 22 x 3 — 5.5 ft/sec or 1.68 rn/sec

Assuming a 3 ft/sec swimming speed capability, the data in Table 5

indicates that 23.3 cm or 11” striped bass could pass into the Canal from

the the~apeake at will, would be hindered from passing under the Chesa-

• peake City Bridge in mid-channel at the surface for 2 h 16 mm , of

11 the 12.42 h tidal period during the peak of a westward flow and at

Reedy Point Bridge for 2 h , 51 main, at the same tidal stage. A 56 cm

L 

or 22” female with a cruising speed of 1.68 rn/sec would not be barred

~

.. from transiting the Canal by water currents.

The presently existing currents in the Canal, if of sufficient

duration, represent a rea l, if short-term, barrier to the unimpeded

passage of some smaller- sizes of fishes. An increase in velocity would

El increase the length of fish excluded, however, the effectiveness of

such a velocity barrier in a system like the Canal is reduced by the

‘1 cyclical nature of these currents and adaptive fish behavior.

I
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Most tidal current patterns may be represented by a sinusoidal wave.

L In the Canal, this is true for the western end to a greater degree than

for the eastern, Delaware end(Pritchard and Cronin, 1971). Table 5 is

- : derived from Figure 9, a general sine function (y — sin x) and displays

I the percentage of time during a tidal cycle when selected current velo-

- cities may be expected. The percentages and times refer to the duration

1. of currents in one direction in the Canal, either eastward or westward

I flow, during a 12.42 h normal tidal cycle comprising one ebb and one

flood tide.

I It is expected and well documented that fishes make use of current

- mitigating features of their habitat (Lagler, Bardack and Miller, 1962;

- Kendeigh , 1961) . 
- 

-
~

J Initial and maintenance dredging of the Canal channel is not in-
- 

tended and does not in practice produce an absolutely uniform bottom

surface. Furthermore, large stones placed as erosion-preventing rip-rap

• along the edges of the Canal banks introduces more irregularities. These

-i non-uniformities cause local turbulence and reduce the water velocity

in the vicinity. Even a smooth bottom would reduce current velocities

L 
-- 

due to frictional energy loss. Eddy currents with flow direction oppo-

site to the surface current direction in the channel are frequently

observed near the Canal banks. The reported current velocities repre-

sent maxima for mid-channel surface locations , while locations adjacent
p 

[1 to the Canal sides and bottom experience reduced velocities due to tur-

~ 1ence, friction and eddy currents. In actuality then, because of the

fl cyclical nature of current direction and rate of flow, the velocity

U 
reducing features of the Canal and the ability of free-swimming fishes

to seek preferred positions in their habitat, an increase in current

II velocity alone will not significantly alter the movement patterns of

sexually mature striped base.
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:

Table 5. Velocities as a percentage of maximum velocity for a

~ I. 
tidal cycle. Tidal period = 12.42 h.

Vel .5 max 30° _1500 120/180 67%

I Vel .75 max 48°30’ _13l030~ 83/180 467.

Vel .90 max 640 -116° 52/180 297.

- 
Vel .95 max 72° -108° 36/ 180 20%

Vel .98 max 79° _lOlo 18/180 107.

Vel .84 max 570 -123° 66/180 367.

I hr-s main hr-s main
Vel .5 max 677. 8.31 8:19 4.16 4:10

• 1 
.75 467. 5.71 5:43 2.86 2:52

• 
_ 

• 
.90 297. 3.60 3:36 1.8 1:48

.95 207. 2.48 2:29 1.24 1:14

.98 107. 1.24 1:14 .62 0:37

1’ 
~~~ 

•-

Values for y - sin X from Ar-kin, H & R.R. Colton.

Tables for statisticians

Barnes & Noble 1963 N.Y.
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