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INTRODUCTION 

This Annual Report discusses the numerous activities undertaken by the 
Susquehanna River Anadromous Fish Restoration Committee (SRAFRC) during 
1985. These efforts represent a continued commitment on the part of 
interested state and federal agencies and private utility companies to 
rebuild stocks of American shad and other diadromous fishes in the 
Susquehanna River system. The program is based on the premise that a 
population of shad can be developed through natural reproduction of stocked 
adults and production of hatchery reared fry and fingerlings. Young shad 
resulting from these stockinqs should be imprinted to return to the 
Susquehanna River above dams as spawning adults in future years. Hydro­
electric dam development in the lower Susquehanna precludes natural 
migration to historic spawning grounds. 

Following an evidentiary hearing and over 3 years of ne9otiation, licensees 
of the three upstream hydroelectric stations on the Susquehanna River 
(PA Power & Light Co., Safe Harbor ~Jater Power Corp., York Haven Power Co.) 
reached settlement with intervenors in the FERC relicensin9 proceeding 
relati ng to anadromous fish restoration. The Agreement, signed by all 
parties on December 7, 1984 and approved by FERC on April 10, 1985, provides 
among other th1ngs $3.7 million for shad restoration activities during 
1985 through 1994. A separate settlement is currently being pursued with 
Philadelphia El ectric Company (PECO) whose subsidiaries, Philadelphia 
Electric Power Company and Susquehanna Power Company, operate the Conowingo 
project in the lower river. 

A total of about $370,000 was spent from the Settlement A9reement in 1985 . 
Activities funded incl uded collection and transport of prespawn adult 
American shad from the Hudson River to the Susquehanna; shad egg collection 
from east and west coast rivers, hatchery operations, fry and fingerling 
marking and stocking and cultural research; juvenile shad recovery includ­
ing netting and impingement surveys and mark detection analysis; radiotele­
metry investigation of adult shad movements following river release; 
hydroacoustic techniques assessment to better understand juvenile shad 
distribution and abundance; and shad stock discrimination based on elemental 
ratios in otoliths . PECO continued to support the program through operation 
of the fish trap and lift at Conowingo Dam, and juvenile shad collection 
at several lower river power plants. The Maryland Department of Natural 
Resources (Tidal Fisheries) conducted tag and recapture shad population 
assessment and age analysis of the stock in the upper Chesapeake Bay and 
lower Susquehanna River and assisted with juvenile recovery below Conowingo, 

During 1985, the SRAFRC Technical Committee met three times and the Policy 
Committee once. A special subcorranittee developed 11A Plan to Assess and 
Improve Downstream Migration of Juvenile American Shad in the Susquehanna 
River 11

• The Plan, approved for implementation in September, provides long~ 
term direction to SRAFRC for measuring and enhancing juvenile shad outmigra­
tion from the river. 
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SUMMARY OF ACCOMPLISHMENTS 

During the period April 28 through May 24, 1985, a total of 4,134 1prespawn 
adult shad and 2,000 blueback herring were seined from the Hudson IRiver 
near Hudson, NY and transported to the Susquehanna Basin. Surviva'l to 
stocking \'las 76% for shad and 99% for herring. Three truckloads (.380 shad) 
were assessed for delayed mortality in flow through ponds at PFC's Pl easant 
Mount hatchery, one load (100 fish) was stocked into an "artificia·1 
stream" pond at Benner Spring for controlled spawning, and the remaining 
shad and herring were delivered to Tunkhannock, PA on the North Branch 
Susquehanna. Only one load of 64 shad was hauled from the Holyoke lift 
on the Connecticut River in 1985. 

In a first time effort to determine movements of adult shad following 
release in the river, 27 fish were fitted with radiotransmitters and 
tracked from boat, air, and shore. Four groups of shad were tagged includ­
ing 20 fish from the Hudson and 7 from the Connecticut. Post-stoclking 
mortality was low (4 fish) and the 23 survivors moved rapidly down:stream 
reaching York Haven Dam within 3-22 days followin9 release. No spawning 
congregations were noted upstream, though samples of adult shad taken 
in the York Haven and Safe Harbor forebays were ripe and partially spent. 
A few fertile eggs were collected below York Haven. Passage morta 'l i ty 
at York Haven and Safe Harbor projects was calculated to be 18% at each dam. 

The Conowingo Dam fish lift operated for 55 days between April 1 and 
June 14, 1985. A total of 2.3 million fish were caught including 1,546 
American shad, 6,763 blueback herring, 377 alewives, and 9 hickory shad. 
Gizzard shad comprised 94% of all fish taken at Conowingo and other 
abundant species included white perch and channel catfish. Of 326 lift 
caught American shad tagged and released to the tailrace, 47 were recap­
tured in the lift. Additionally, 33 shad tagged by the Maryland Dl~R in 
1985 were captured at least once in the lift. Shad were transported from 
the lift to the PFC West Fairview Access area across the river from Harris ­
burg on 15 dates (17 loads). A total of 967 fish were hauled and observed 
mortality was only 1.7% (16 fish). 

Sex ratio of tagged American shad at the Conowinqo lift was 3.35 : 1.0 
favorin9 males. A total of 421 shad were aged from scales with males 
ranging from age III to VI and females III-VII. Most males were a1ge IV 
with 7% repeat spawnin~ indicated whereas mean age of females was 1V with 
8% showing spawning checks on scales. Modified trap operations and favor­
able flow conditions in 1985 produced the second best year of shad collection 
at the lift. Number of shad transported upstream was the greatest of any 
year since trap operations began in 1972. 

The Maryl and Department of Natural Resources continued their tag a1nd re .. 
capture population assessment for shad in the upper Bay and lower 1river in 
1985. A total of 320 shad were tagged, mostly from gill nets and lhook and 
line angling. Forty-two fish were recaptured (some more than once) after 
being at-large for 2-34 days. Peterson and Schaefer population estimates 
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for the stock were 11,093 and 12,903, respectively. Age analysis of shad 
taken by hook and line in the Conowingo tailrace was similar to that 
found in lift collections. Gill nets apparently selected for larger fish 
indicating a slightly older population with increased repeat s~awning. 

A major element of the shad stock rebuilding program in the Susquehanna 
is hatchery production of fry and fingerlings at the PFC Van Dyke facility 
on the Juniata River. Shad egg collections began on the Pamunkey River 
in Virginia where 5.28 million e99s were taken during April. The James 
River produced 2.05 million and the Delaware 6.1 million shad eggs during 
late April through mid-May. A total of 12.06 million eggs were collected 
from the Columbia River (Oregon) during June. The 25,568,500 eggs deliver­
ed to Van Dyke in 38 shipments in 1985 was considerably reduced from 1983 
and 1984 due to adverse fishing conditions on the Columbia River. The 
Delaware egg take was however the highest on record for that river . Egg 
viability ranged from 41% for Columbia shipments to 62% for those from 
the Pamunkey. 

Total fry production in 1985 was 7.9 million (76% survival from viable eggs) 
and most fish were held for 18 days. Of the fry produced, 5.4 million were 
stocked into the Juniata River at Thompsontown, 812,000 were stocked into 
Conowingo Pond, 600,000 were delivered to the Lehigh River and 252,000 
to the Schuylkill. The remaining 886,000 fry were used for fingerling 
production and research at Van Dyke, Thompsontown, Benner Sprin9, and 
Wellsboro (USFWS lab). A total of 115,200 fingerling shad were produced 
in 1985 with 61,200 stocked into the Juniata and 53,300 delivered to Cono­
wingo Pond and the Susquehanna below Conowingo Dam. 

Research conducted at Van Dyke in 1985 focused on oxytetracycline (OTC) 
tagging and improvement of feeding regimes. All fry produced from Virginia 
eggs and some from the Delaware were treated in 12-hour baths for 4 conse­
cutive days with 25 ppm OTC concentration. Later Delaware and all Columbia 
fry were treated at 50 ppm OTC concentration prior to release. Analysis 
of otoliths under ultraviolet light indicated that marking efficiency at 
25 ppm OTC averaged 5.9% compared to 98.4% for tnose treated at 50 ppm. 
Marking fingerlings using OTC-laced feed was unsuccessful. Double marking 
shad at 50 ppm using two separate immersions at ages 5-8 days and 15~18 
days produced 98% detectable double marks. Numerous other marking tests 
and feed research are discussed in Job III . 

The juvenile shad assessment program began in mid-August on the North Branch 
Susquehanna and lower Juniata rivers. Sixty-three seine hauls at five 
locations over 4 weeks in the Susquehanna above Sunbury, PA failed to take 
any young shad (2 juvenile bluebacks were taken at Wilkes-Barre). This 
supports the radiotelemetry conclusion that most adult shad rapidly moved 
downstream following release. At Amity Hall on the Juniata shad were 
taken each collecting date from August 21 thru October 24 (212 fish total). 
Shad first appeared in cast net collections at York Haven on September 19 
and most fish passed that point by late October. Seining at Wrightsville 
in September produced 29 shad, and cast netting in the Safe Harbor forebay 
was largely unproductive during the autumn (31 fish in 8 weekly collecting 
attempts). Shad first appeared at Holtwood on October 24 and by mid-
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November were available in great abundance. Hundreds of shad were collected 
by cast net and thousands by experimental lift net (RMC) at Holtwood. 
Strainer and screen impingement collections at Safe Harbor, Conowingo, and 
Peach Bottom APS were minor (50 shad total), and one shad was collected 
below Conowingo Dam in the Maryland DNR trawl survey. 

Sixty-two shad from Amity Hall were analyzed for the OTC mark placed on 
hatchery fish. The presumed mark retention rate for all fish passing this 
point was 53% based on test results of fish held at Benner Sprin~. The 
fact that 44 fish (71%) from Amity Hall retained the mark indicates early 
outmigration from the Juniata River of those fish marked at 25 ppm OTC. 
Where hatchery and wild fish comingle in the lower Susquehanna, it was 
presumed that any reduction from the predicted mark retention rate for 
hatchery fish (i.e. 53%) would be a reflection of relative abundance of 
naturally produced shad. Of almost 200 fish analyzed from collections 
taken at York Haven, Wrightsville, Safe Harbor, Holtwood, Peach Bottom 
and Conowingo, 50% were marked indicating that few outmigrant juveni l es 
resulted from spawning of adults transplanted in the river. 

SRAFRC funded a special study in 1985 to evaluate the usefulness of hydro­
acoustic detection to monitor juvenile shad movements. Durino a 2-week 
demonstration at York Haven and Safe Harbor forebays, fixed and mobile 
acoustic surveys indicated that shad behavior (and perhaps abundance) can 
be assessed with this technology. Day/night distribution, effects of 
power plant operations, and usefulness of controlled spills in passing 
shad were preliminarily observed. 

Under a special study grant from the Maryland DNR, the University of 
Maryland undertook x-ray microanalysis of juvenile shad otoliths to deter­
mine whether elemental ratios in these calcified structures differed for 
fish reared in different waters {i.e. "stream signatures"). A comparison 
of 15 shad from Amity Hall (Juniata nursery) and 15 fish reared in ponds 
at Benner Spring Research Station (both 1984 collections} indicated 100% 
separation of the stocks based on elemental ratios. In 1985, SRAFRC funded 
UMD to validate the technique by demonstrating that elemental ratios found 
in otoliths of juveniles taken from mid-Delaware River nursery waters were 
essentially the same as in a similar growth region in otoliths from adult 
shad from the same river reach (i.e. does the 11 signature11 stay with the 
fish throughout it's life?). Preliminary results of this effort failed 
to validate the technique (only 3% agreement). Researchers believe that 
the two groups of shad examined did not represent a distinct sub- unit 
stock of the Delaware River population. 

In response to SRAFRC concerns about 11 smoltification 11
, imprinting, and 

adaptation to seawater for juvenile shad the National Fishery Research and 
Development Laboratory (USF~IS) in Hellsboro, PA offers us an interim report 
on their work on pre-~igratory physioloqy of American shad. This work is 
expected to continue in 1986 and SRAFRC will provide test fish. 
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Additional information on activities discussed in this Annual Progress 
Report can be obtained from the Job authors or by contacting the Susque­
hanna River Coordinator, U.S. Fish and Wildlife Service, P.O. Box 1673, 
Harrisburg, PA 17105. 
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JOB I. TRANSFER ADULT AMERICAN SHAD TO THE SUSQUEHANNA 
RIVER FROM OUT OF BASIN 

1.1 INTRODUCTION 

ThoMas J. Koch and Joseph A. Nack 
National Environmental Services, Inc. 

Lancaster, PA 
and 

David Truesdale, PA Fish Commission 
Bellefonte, PA 

From 1981 through 1984, 15,4SJ adult shad have been transferred from 

out-of-basi n sources and released to the Susquehanna River. The purpose 

of this activity is to establish a run of American shad to the Susquehanna 

River based upon fish which are spawned in the river. 

The 1985 work plan is basically a continuation of activities conducted 

since 1982, with the following revisions suggested by the Technical Committee: 

(a) The three existin~ transport trucks and tanks utilizing the Fresh­
Flo aerators with oxygen injection were to be used in 1985 to 
haul 5,000 - 6,000 prespawned adult shad to the Susquehanna. 

(b) All fish were to be collected from the Hudson River and stocked 
at Tunkhannock, PA . The Holyoke l ift on the Connecticut River 
was to be used only as a backup source if sufficient numbers of 
shad were not available from the Hudson River. 

(c) An alternate source of shad for future use was to be identified. 
SRAFRC was advised by the Connecticut River Atlantic Salmon 
Commission that transfer operations for shad at Holyoke would be 
limited to only two days per week and would be terminated after 
the 1985 season. 
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1.1 CONTINUED 

(d) Fanale mortality in transfer was to be examined. Efforts 

were to be urrlertaken in 1985 to assess fanale versus male 

short term survival at the Tunkhannock release site and 

delayed rrortality utilizing the flow-through pond at Pleasant 

Mount Fish Culture Station. The Technicial Crnmittee suggested 

that the failure to collect any juvenile shad during two of 

the past four Evaluation Programs (Job IV) may be indicative 

of excessive fanale mortality. 

(e) One load of shad was to be transported to Benner Springs to 

determine if shad would spawn in a controlled environment. 

(f) The SRAFRC rea:mnended that blueback. herring be taken if 

available, when ~pnent was standing by and not being used 

to haul shad. 

The Hudson River out-of-basin transfer program, in its fourth year was to 

utilize methods developed in past years. This program was to be corrlucted by 

NES, using local carrnercial fisherman to harvest shad with trucking and mort­

ality assessment support from the PA Fish Commission. 

The Connecticut River operational procedures, if utilized, were to differ 

little from previous years (see 1981-1984 SRAFRC reports). This operation was 

to be conducted by the PFC, usin_9 Pleasant Mount Fish Cultural Station as a 

center for operations . 
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1 • 2 HUDSOt'l RIVER SI U\D 'l'RANSFER PRCX;RAM 

In 1982, 1983 and 1984, NES successfully captured prespawned adult 

shad from the Hudson River and transferred them to a release site on the 

upper Susquehanna River. A total of 7,707 fish were presumed alive at 

release, resulbng in a survival rate of 83% . Past experience by NES on the 

Hu'.ison River indicated. that a substantial adult shad population was available 

for the transfer program. However, unlike the Connecticut River, there was 

no means for c;i.pture of adult shad other than netting. In 1982, NES began 

operations utilizing gill-nets as primary gear; however, shad capture was 

shifted to haul seine when low survival resulted.. The success of the haul 

seine and the operation in general has lL<l toils overall expansion. 

1 .2.1 Collection Site 

Since 1981 American shad have been collected fran the Hudson River 

in the vicinity of the Greendale Landir .g, Greenport, N. Y. In 1985 a second 

seine site located .inmediately north of the Rip Van Winkle Bridge, on the 

west shore of Rodgers Island was fully developed. Both sites can be 

effectively seined and are viable areas for shad collection. 

1. 2.2 Sched.ule and Collecting Methods 

The Hudson ru ver program was conducted fran 28 Apri 1 - 24 May on 

a seven day per week basis. Operational timetables were contingent on tidal 

conditions: i.e. , when the tide was ru.'"lninq full haul seines could not be 

used. effectively. Generally fishing activities took place between 0600 and 
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1.2.2 Continued 

2000 hours. Sampling days were utilized to the fullest in order to reach the 

proJ;X)sed goal. 

A 500 x 12 ft haul seine with 2 inch square mesh wings and 1 inch 

square mesh bag was utilized to collect shad. The seine operation was directed 

through mutual agreanent with conmercial fishermen and NES to ensure that the 

operation was carried out in the most effective manner. Crews ranging fran 

10-12 technicians worked cooperatively with ccrrmercial fishermen contracte:3. 

to collect shad. The seine was hauled along the shoreline as soon as the 

tide change:3. fran ebb to flood . This tidal condition was used to min.unize 

man}:XMer needs in hauling the seine. Two people were needed to lay out the 

net fran a boat captaine:3. by a fishermen while an additional 5-6 individuals 

pulled the opJ;X)site end of the net along the shoreline. An entire area was 

encircled and the net ultimately pulled to the shore. The shad were concentrate:3. 

in the bag section. Crews worked to capture shad, transport them to a shore­

base:3. site and load the tank truck. 

Shad collected in the seine were inmediately hand-braile:3. fran the bag 

to one of three tanks rrounte:3. in 16 ft boats. One system consisted of a 400-

gallon oval fiberglass tank, while the other boat supJ;X>rted two 245-gallon 

round galvinized stocktanks. Both systans were circulated by 3 HP trash punps 

which drew water fran the bottan center of the tank to an intake valve on the 

top inside tank wall. Oxygen levels were maintained by oxygen injection 

through Bie:Meave tubing at the base of each tank. 
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1.2. 2 ca.'1TINUED 

The mmlber of fish loaded in each tank was determined daily by 

several factors including water temperature, size of fish, river conditions 

and site location. The typical load for the 400-gallon oval tank was 70 fish 

and 40 fish for each of the 245-gallon round tanks. The shuttle boats, after 

loading, were driven by NES personnel to a shore-based loading site. The 

shuttle time for the up-river site was approximately 20 minutes and 5 minutes 

for the down-river site. 

At the shoreline 3-5 shad were inruvidually hand-brailed fran the 

stock tank into a 15-gallon round galvanized metal wash tub filled with water. 

Two individuals carried each tub a distance of about 100 yards. The shad 

were lifted by hand to the opening of the transfer tank and deposited into 

the tank. The process was continued until all shad had been loaded. 

The minimun load to be transferred to the Susquehanna was 50 shad. 

The optimum nunber for transport is 125-130 fish . 

1.2.3 Description of Transfer F.quiµnent 

Each transport tank has a 1,100 gallon capacity and is aoout 4-ft high 

and 8-ft dj ameter. The top is removable and shad are loaded through a 2-ft 

square hatch on the top. Unloading is accomplished by removing the outside 

circular cap by a gate release located on the back of the tank. A portable 

shoot, fitted with a flexible discharge tube, is attached bela,.; the unloading 
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1.2. 3 CCNI'INUED 

hatch arrl directs both water and shad into th~ river. 

Water circulation is created by two Fresh-Flo (model #'IT, 12 VCC) aera­

tors mounted through the lip of the tank. PCMer is supplied by the tr.ucks, 

existing electrical system. Water current speed in the tank is adjusted by 

directing the aerator discharge against the tank wall or into the: desired flCM 

direction. A 12-inch section of Porex tubing is mounted urrler the aerators so 

that the oxygen fla-,s directly into the aerators ' intake screens. A f la-, meter 

as well as an oxygen injection cylinder are utilized in order tha.t a constant 

amount of oxygen can be maintained. Two 3 HP gasoline-driven tra.sh punps are 

used for filling the tanks arrl are also available a.c; a back up system in the 

event that there is a problem wjth the Fresh-Flo aerators. 

1. 2. 4 Water Procurenent arrl Conditioning 

Water for each of the transport units was taken fran the Hudson River 

at the Hudson Boat Launch site until river temperature exceeded 65°F . Once 

that occurred, water was procured by the PFC fran the well at Pleasant Mount, 

arrl by NES at the ICC Quarry, Hudson, N. Y. Water fran these sources was 

typically 5-10°F bela-, that of the Hudson River. 

Water was treated with 80 pounds of Agway Solar Salt (0 . 9% solution) 

am 100 ml of Argent Silicone Based Antifoam Solution (diluted to, 500 ml with 

distilled water). This treatment was based on shad transport studies conducted 

by the PFC during the 1983 program . (See 1983 Annual Progress Report -
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1.2. 4 CONTINUED 

Appendix I-A Adult American Shad Transportation Studies - 1983) . The rep::>rt 

suggests that the addition of salt to the transport tank seans to reduce 

rrortalities in long-duration stocking trips. The antifoam is necessary to 

reduce foaming wI:iich results fran the addition of salt. 

1.2.5 Tanperature/Oxygen Monitoring 

Cooling of the transix>rt tank was not necessary. Cooling is 

necessary when water tanperature is more than 70°F, a situation which did not 

occur. Water tet1perature differential between the Hudson River and the 

Susquehanna River was measured and ENery effort was made to minimize increases 

in teroperature during transp::>rt. Dissolved oxygen (00) was maintained by an 

aeration systen which is an integral part of the transp::>rt tank. Dissolved 

oxygen (00) and temperature were rronitored by the PFC with a YSI Model 57 

oxygen meter. Readings were monitored throughout the course of the trip and 

recorded at two hour intervals. A final water temperature and dissolved oxygen 

reading was made in the tank prior to stocking. 

1.2.6 Release of Fish 

Tunkhannock, PA., was used as the primary release site. At the 

release site, the truck was backed down the access ramp to the shoreline 

and circulation systems shut down. The hatch cover was ranoved and the re­

lease shoot attached. Before the hatch was raised, visually dead shad 
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1. 2. 6 CONTINUED 

were removed. Some mortality was unavoidable during transfer. After release, 

drivers dip-netted around the release site for approximately 15-30 minutes to 

retrieve any fish which died in transit or during release. It is probable that 

not all dead fish are recovered in this manner, though the use of a V-shaped 

net at the point of discharge served to concentrate dead fish. PFC Waterway 

Conservation Officers and deputies assisted in retrieval and disposal of mortaliti 

1. 2. 7 Herring Collection and Transi:ort 

On reccmnendation fran the SRAFRC, blueback herring were to be 

transp::,rted when shuttle equipnent was not bejng used for shad and herring were 

available. Herring were collected at the Greenport site, utilizing the 

500 x 12 ft shad net. NES experimented with a 450 x 10 ft haul seine with 

1 inch square mesh wings and bag, but abandoned this gear when large numbers 

of white perch were gilled. 

Collection methods for herring were basically a continuation of 

those utilized during the shad operation. Transport procedures differed in 

that more than three times the number of herring could be transported than 

shad ard the Fresh-Flo aerators·used in the shad -program were not effective in 

herring transport. NES discovered that herring scales lost during transp::>rt 

clogged the a era tor. intake screens pr even tj ng proper. water circulation. As a 

result, the small engine circulation punps with oxygen injection were ussd 

when herring were transported. 
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1.3 RESULTS 

1.3.l Release Sites 

The primary release site on the Susquehanna River was at Tunkhannock, PA. 

This site was utilized for all transports , excluding three l oads to Pleasant 

Mount Lagoon for delayed mortality assessment, and one load to Benner Spring 

for a controlled spawning attempt. Some 380 shad were delivered to a ~-acre 

earthen pond at Pl easant Mount Fish Cultural Station and 100 shad to Benner 

Spring Research Station. 

Average time for loading the tank depended on the number of fish taken 

in the haul, the site utilized for hauling, and the number of trucks to be 

loaded. The entire operation took approximately 3-5 hours, and typical travel 

time from the Hudson River to Tunkhannock was less than 6 hours. 

1.3.2 Number of Shad Transplanted and Survival 

Shad were collected from the Hudson River between 28 April and 24 May. 

Low flow conditions and an atypically warm spring resulted in an early shad 

run and it is possible that a week of hauling opportunity in late Apri l was 

missed. Some 3,654 prespawned adult shad were transferred by NES and the PFC 

from the Hudson and released at Tunkhannock. High mortalities were experienced 

during the first week, but survival improved dramatically thereafter. Of the 

3,654 shad hauled, a total of 2,772 were released alive (Table 2). The average 

survival for Hudson fish was 76%. 

Of the shad hauled to Pleasant Mount, 296 (78%) survived hauling and delayed 

morta l ity for several days in the pond was minimal. Survivors were restocked 

at Tunkhannock. Ninety of the 100 fish delivered to Benner Spring survived the 

haul from the Hudson River. 
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1. 3. 3 Water Tanperature and Dissolved Oxygen 

Water tanperature and dissolved oxygen (00) were monitored fran the 

two PFC transp:,rt uni ts. The NES unit was not rroni tared, hc,,.,ever the PFC 

data is considered representative since identical systans were utilized. 

Hu::lson River water tanperatures during the time of capture ranged fran 

55- 69°F (Table 3) . Transport tank temperature increase during the 4~- 6 hour trii 

was limited to less than 2°F. This is significantly lower than the 5°F 

temperature increase which was typical of the small engine life support systems 

utilized in previous years. Water tanperature in the Susquehanna River ranged 

fran 58-64°F. 

Dissolved oxygen at transport end averaged 7. 2 ppn (range 4. 0 - 9. O ppn). 

00 is believed to be a limiting factor when tenperatures exceeded 65°F. 

Therefore, when these conditions occurred, other water sources for the transport 

tanks were used . These sources were typically 5-10°F cooler than the 

Hudson River and consequently could support higher 00 levels. 

1.3. 4 Rip Van Winkle Bridge Cqllection Site 

In the 1982, 1983 and 1984 Hudson River transfer operations, shad were 

collected in the vicinity of Greendale Larrling. During those seasons this site 

prod.uced significant numbers of shad for the restoration effort. Hc,,.,ever , 

efforts have shown that shad were abundant in this location only fran the change 

of ebb to flood tide. As a result, fi shing operations were limited to up to 

six seine hauls before the flooding tide made seining impossible. 
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1.3.4 C'ONI'INUED 

To maximize the nunber of shad hauled for the program, it was apparent 

that an additional site located within two river miles fran the transport 

area was needed. Fran information gathered during the 1983 study , NES 

located a seining site inroediately north of the Rip Van Winkle Bridge on 

the west shore of Rodgers Island. This area was fully developed in 1985, 

and should be a major contributor to the program. 

One significant benefit of the new site is that shad were found in 

large numbers during the ebb tide. Therefore, 2- 3 hauls could be made up­

river, fish shuttled to the transport site and the trucks loaded, before 

seining activities at the Greendale site (do;,.m-river) began. As a result, 

this location can expand the per day seining effort and should increase the 

nunber of shad available to the program. 

1.3. 5 Quality Control 

To ensure optimum conditions between collection and loading sites 

and increase the number of fish per trip, improvements were made to the 

shuttle boat systems. These improvements were based on keeping shad alive 

and in good condition for up to one hour, and are as follows: 

(a) A second 5-ft diameter 245-gallon round galvanized tank was 

mounted in-line with an identical tank used in 1984. The two 

tanks were mounted in an 18-ft Jon-Boat and utilized the 

existinq 3 HP trash pump to fill, drain, and circulate water 

in each of the tanks. NES found that this system could 

adequately suplX)rt 40 shad per tank (80 total). 
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1 . 3.5 C'ONTINUED 

(b) An improved oxygen injection system was eroployed in each of 

the shuttle tanks. This system was installed to increase 

dissolved oxygen levels during transport, especially when 

river temperatures exceeded 60°F. Each unit oonsisted of 

a LK oxygen cylindE'r, Western regulator, high pressure ball 

valve and tubing, a.id a 3-ft section of Biov.eave hose. Air 

flaw was controlledby the regulator and the in-line ball 
valve with oxygen dispersion through the Bioweave. · Biologists 

observed that the condition of fish was greatly improved 

with the addi ti.on of this system. 

1.3.6 Results of Benner S~ring Spawning Trial 

The Benner Spring pond used for controlled spawning is shaped like a 

square donut with paddlewheels providing a constant current. The pond was 

stocked on 10 May with 55 male and 35 female adult shad. Between 14 May and 

7 June, 22 dead fish were recovered from the pond including 13 females, 6 

males, and 3 of unknown sex. Spawning activity was first reported on 7 June 

and between 8 June and 2 July another 25 mortalities were removed from the 

pond (8 females; 5 males; 12 unknown). On 21 June, juvenile shad were first 

seen, and by 18 July, many dead adults were sighted on the bottom. The 

pond bank ruptured on 9 August and was completely drained on the 13th. All 

remaining adults were dead but 50-100 fingerlings were recovered alive. 

1. 4 HERRING- NUMBER TRANSPORTED A.~D SUWJIVAL 

The herring run at the Catskill Region of the Hudson River typicallv 

starts in early April an:1 oontinues through late May . Herring were abundant 

in the haul seine throughout the shad collection program, but were taken only 

when the availability and the condibon of shad declined. Herring were 

collected at the Greendale Landing site on 17, 18, 19 and 24 May. Sa:1e 

2,000 blueback herring were hauled by NES in four seperate ship-nents of 5G::.l c 
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1.4 CXNI'INUED 

per load. All fish were released at Tunkhannock, PA., with excellent sur­

vival. A total of only four herring were found dead at release. 

1. 5 CONNECI'ICUI' RIVER SHAD TRANSFER PROGRA.~ 

The adult shad transfer on the Connecticut River (Holyoke Lift) was 

first conducted on an experimental basis in 1980. Since its inclusion in 

the program the Connecticut River has supplied over 6,200 fish for the re­

storation effort. In 1985 SRAFRC was advised by the Connecticut Itiver Basin 

Atlantic Salmon Camtission that collection of shad at the lift would be 

lirni ted to two days per week, and terminated thereafter. This year's work 

plan called for the Connecticut to be used exlusively as a backup source 

if sufficient numbers of shad were not taken fran the Hudson. 

1. 5.1 Results 

As a result of the Hudson River operation not meeting the 5,000 shad 

goal, the Holyoke Lift was ~tilized for transfer. However, low flow con­

ditions on the Connecticut made the fish lifts inoperable until late in the 

season. A total of only one attempt was made by the PFC (24 May) with sane 

64 shad taken arrl transported to Tunkhannock. Sixty-two shad survived the 

g.:.hour trip . 
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1. 6 SUMMARY 

1 . 6.1 Canparison with Efforts of 1980 through 1985 

The nurnber of shad transferred fran out-of- basin sources to the 

Susquehanna River ranged fran a low of 193 in 1980 to 5,637 in 1983. The 

1985 program provided sane 4, 198 shad for a 6 year total 19, 648 (Table 1) . 

Survival to stocking during this period averaged 77% (range 59 to 84%), 

while the number released alive increased fran 114 in 1980 to 4,310 in 1983. 

Transfer procedures throughout the years have also been modified and improved 

to best meet the SRAFRC goals. 

1.6.2 Hudson River 

In 1982 the Hudson River was added to the adult shad transfer program 

on an exprimental basis . A total of 1,176 prespawned American shad were 

collected by haul seine and transferred to the Susquehanna River with a survival 

rate of 84% . The success of that effort arrl the effectiveness of seining 

encouraged SRAFRC to exparrl the operation over the years. In 1985 a goal 

of sane 5,000 - 6,000 prespawn adult shad were to be taken by haul seine and 

trucked to Tunkhannock, PA., with at least 75% survival. 

This spring all three transport units utilized the Fresh-Flo aerators 

with oxygen injection. Dissolved oxygen for the units averaged 7.2 ppn and 

tanperature increase was less than 2°F. 

During the period of 28 Aprj 1 through 24 ~1ay a grand total of 4, 134 shad 

were transferred, of which sane 3,158 were presumed alive at release. The 
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1.6. 2 CONI'INUED 

average survival rate during transfer was 77%. Tunkhannock was used as the 

only river release site, ha-lever one load was trucked to Benner Springs for 

a controlled spawning attanpt and several loads to Pleasant Mount Lagoon for 

delayed mortality asses!"ment. 

A second seining site located in the vicinity of the Rip Van Winkle 

Bridge was fully developed this spring and made a significant contribution 

to the program. The abundance of shad at this site and the Greendale Land­

ing site is encouraging for efforts in future years. 

In late May when the availability of shad declined, NES hauled about 

2,000 blueback herring to Tunkhannock. Fish were transferred in four loads 

of 500 herring per truck with excellent survival. 

1.6.3 Connecticut River 

In 1985 SRAFRC was advised by the Connecticut Basin Atlantic Salmon 

Ccmnission that the fish lift would be available on a limited basis and be 

terminated thereafter. The Holyoke Lift was to be used as a backup source, 

if sufficient nunbers of shad were not taken fran the Hudson this spring, 

a situation that did occur. 

On 24 May , a total of 64 shad of which 62 survived were trucked to 

Tunkahnnock I PA. 
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TABLE 1 . Canparison of pre spawned Adult American shad transferred f ran 
Connecticut River (1980-85) and Hudson River (1982-85) to 
Susquehanna River. 

Number Number Percent 
Year Transported Alive Survival 

OONNEX::TICur RIVER 

1980 193 114 59% 

1981 1,486 1,165 78% 

1982 2,287 1 , 573 69% 

1983 1 , 946 1,187 61% 

1984 299 185 62% 

1985 64 62 97% 

'IOI'AL 6,275 4,286 68% 

HUDSON RIVER 

1982 1 ,176 992 84% 

1983 3, 691 3,123 84% 

1984 4 , 372 3,592 82% 

1985 4, 134 3,158 7E% 

'IOI'AL 13,373 10,865 81% 

GRAND 'IOl'AL 19 , 648 15,151 77% 
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TABLE 2. Data on Prespawned Adult Shad Transferred fran the Hudson River to the Susquehanna River at 
Tunkhannock, PA., by NES and the PFC, 1985. 

Total Tanlc 
Trip# Release Nunber Number Number Time Weather and 

Date airl Agency Site Transported Dead Alive (HRS:MIN) Air Tanperature 

Apr. 28 1 - NES Tunkhannock 125 56 69 4:15 60 - Overcast 

29 2 ·· NES II 130 63 67 3:45 65 - Clear 

30 Al - PFC II 126 81 45 6:00 73 - Clear 

30 Bl - PFC II 120 75 45 5:20 73 - Clear 

May 1 A2 - PFC II 103 25 78 5:15 55 - Clear 

1 B2 - PFC II 100 6 94 5:00 55 - Clear 

.... 2 3 - NES Pleasant Mt . 130 73 57 4:30 4 9 - Overcast 
I .... 2 A3 - PFC Ti.mkhannock 95 72 23 5:20 49 - Overcast -..J 

2 B3 - PFC II 85 55 30 5:20 49 - Overcast 

3 4 - NES II 130 15 115 4:20 50 - Rain 

4 5 - NES II 130 20 110 4:00 70 - Clear 

5 6 - NES II 130 41 89 4:30 70 - Clear 

6 7 - NES Pleasant Mt. 130 3 127 4:30 63 - Rain 

7 A4 - PFC Tunkhannock 98 6 92 4:25 58 - Clear 

7 B4 - PFC II 

(Fanales) (Females) 
124 (males) 3(m) 121 4:40 58 - Clear 

8 AS - PFC II 121 3 118 - 58 - Clear 
8 8 - NES II 125 4 121 4:00 58 - Clear 

9 9 - NES II 136 4 132 3:45 70 - Clear 

10 10 - NFS II 130 23 107 4:15 78 ·- Clear 

10 A6 - PFC Pleasant Mt. 80-Males 3 77-Males -- 78 - Clear 
40-Females 5 35-F'anales 
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TAl3LE 2. CONTINUED 

Tob:11 Tanl< 
Trip# Release Nunber Number Number rime Weather and 

'Date and Agency Site Transported Dead Alive (HRS:MIN) Air Tanpe.rature 

10 90 
May 10 BG - PFC Benner Spr. 100 (used for spawning -- 78 - Clear 

experilnents) 
11 11 ·· NES 'l\mkhannock 130 45 85 4:15 85 - ClMr 

11 A7 - PFC II 125 94 31 4:15 85 ·- Clear 

11 B7 - PFC II 124 33 91 4:05 85 - Clear 

12 12 - NES II 137 22 115 4:15 75 - Overcast 

12- AB - PFC II 124 16 108 4:45 7 5 - Overcast 

13 13 - NES II 105 16 89 3:45 78 - Clear 

13 A9 - PR: II 125 18 107 4:40 78 ·· Clear 
I-' 
I 13 B9 - PFC II 114 29 85 4:35 78 - Clear I-' 

00 

14 AlO - PFC II 127 42 85 ·- 85 ·- Clear 

14 B10 - PFC II 70 3 67 3:50 85 - Clear 

17 14 - NES II 20-s:iad 0 20-shad 6:00 70 - Rain 
500-herrjnq 500-herring 

18 15 - NES II SO-shad 4-shad 46-shad 3:45 75 - Rajn 
500 herring' 4-herring 496-herrinq 

19 16 - NES II 

29-shad 
500·-·herring 

4-shad 25··shad 3:45 65 - Clear 
0-herring 500-herring 

20 17 - NES 130 2 128 4:30 84 - Clear 

21 18 - NE.S II 140 2 138 4:00 70 - Clear 

22 19 - NES II 48 0 48 4:15 70 - Clear 

23 20 - NES II 48 0 48 4:00 70 - Clear 

24 21 - NES II 500-herring 0 500 4:00 70 - Clear 

SHAD TOTALS TUNKH/\NNOCK 3,654 882 2,772 
PLEASANT MT. 380 84 296 
RFNNl='.A <;PAJN~ 100 10 90 
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Record of Dissolved Oxygen and TE!!lperature during Transport of Adult American Shad by the PFC 
fran the Hudson River to the Susquehanna River, 1985. 

DISSOLVED OXYGEN (PPM) TEMPERATURE ( °C) 

Trip Water Hudson Start Two Four Hudson Start Two Four 
Finish Susquehanna 

Date ~t Source River Tank Hrs . Hrs. Finish River Tank Hrs. Hrs. River 

4-30 AJL Hudson 9 9 8 9 9 56 56 56 57 57 60 

30 BJL II 9 9 9 9 9 56 56 56 57 57 60 

5- 1 A2 II 9 10 7 6 6 55 55 56 56 56 61 

1 B2 II 9 10 7 6 6 55 55 56 56 56 61 

2 A3 II 9 9 9 8 9 56 56 57 59 60 61 

2 BJ II 9 9 8 8 7 56 56 57 59 60 61 

7 A4 II - - - - 55 55 56 56 57 58 -
7 B4 " - - - - - I 55 55 56 56 57 58 

9 A5 " 9 9 7 6 6 i 54 54 54 56 56 
I 

II 
I 

10 A6 7 - - - - 57 
i 

10 B6 II 7 6 6 8 7 57 57 58 62 64 

11 A7 II - - 7 4 4 55 60 68 - - 62 

11 B7 II - - - - - - 54 

12 A:9 Pleasant - 10 9 9 - - 54 54 56 56 62 
Mt. Well 

13 A9 II - 8 7 7 8 62 59 61 62 64 62 

13 B9 II - - - - - 62 61 61 62 62 62 

14 ALO 
., - 8 5 - - 69 53 

14 BlO " - 8 6 6 6 69 53 54 55 57 64 

24 Bll II - 9 9 9 9 - 55 55 56 55 



JOB II AMERICAN SHAD EQ3 (X)LLEX::'I'ION PRCX.;RAM 

· Thanas J . Koch and Joseph A. Nack 
National Envirorrnental Services, Inc. 

Lancaster, PA. 

2. 1 INI'RODo.:TION 

Egg Collection in 1985 was to be conducted on the James and Pam-

unkey Rivers (Virginia), the Delaware River ( Penna. - New Jersey), and the 

Colunbia River (Oregon-Washington) . Eggs were to be delivered to the 

Van Dyke Hatchery. The fish released fran the hatchery will supplement 

the developnent of the shad population belCM the ConCMingo Dam with the 

urge to migrate upstream past the dams to spawn. 

The SRAFRC goal for 1985 was to obtain 30-50 millj on shad eggs over 

a three month period. Improvements to the Van Dyke Hatchery would expand 

its production capacity to over 10 nullion 18-r.l.ay old fry and 120,000 finger­

linqs in 1985. 

In 1984 East and West Coast egg collection activities resulted in 

the incubation of a record 41. 1 mil lion American shad eggs. Of these a 

total of 11. 99 million fry and 30. 5 thousand fingerlings were stocked. 



2. 2 METIDDS 

2. 2. 1 Egg Collection 

Eggs were collected fran shad in spawning condition taken in gill­

nets by ccmnercial fishennen. Eggs were artificially fertilized in 

essentially the same manner established by Kilcer (1973), with minor 

revision developed in 1983. These modifications were made as a result 

of consultation with the PFC and fish culture experts on the West Coast. 

A brief description of the procedure folla,..,,s: 

Eggs were stripped fran four to six spawning fenales into a 

dry collecting pan and fertilized with spenn fran up to six 

males. After dry milf:i.ng eggs and sperm for se•,eral minutes, 

the eggs were alla,..,,ed to set for 2- 3 minutes to allow for 

optimun fertilization . A s:nall amount of water was then added 

to the mixing pan and the gametes stirred again. After the 

eggs settled, the water was drained and clean water added. This 

rinsing process was repeated two times to ranove dead sperm, 

unfertilized and broken eggs , and debris. Fertilized eggs were 

then poured into large plastic buckets filled with clean river 

water and allawed to soak for a min.irm.ml of one hour to becane 

hardened. During this period, water was periodically drained, 

clean water added and agitated to provide aeration. Once the 

eggs were hardened the water was drained and five liters each 

of eggs arrl clean water was placed in a plastic bag which had 
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2. 2. 1 CONI'INUED 

an outer plastic bag for protection in shipping. 

Pure oxygen was put into the bag containing eggs and the 

bag securely tied with two castrator rings. The bags were shipped 

in cardboard !:oxes with styrofoam container inserts. Each !:ox 

was labeled to show river name, date, nunber of liters of eggs, 

water temperature and ratio of females to males. 

2.2.2 Collection Areas 

2. 2. 2.1 ParnWlkey River, Virginia 

NES biologists began egg collection efforts on the Virginia Rivers 

on 4 April, upon confinning reports that shad had been taken by fishermen 

in spawning condition . Biologists worked with crnmercial fishermen at 

Thanpson • s Laming, Nev Kent, Virginia, located approXllllately 4-6 miles 

upstream of Lester Manor. Previous years' efforts have proven that this 

area is a viable location for catching adult spawning shad. Netting 

was usually conducted betw~ 1530 and 2200 hours on a seven day per week 

schedule. NES biologists 0perated fran the shoreline at Thanpson ' s Landing. 

As fish were captured they were shuttled to the shoreline as quickly as 

possible. Fish in spawning condition were then processed. 

2.2 . 2. 2 James River, Virginia 

Experjence in past years has proven that shad migrate up the James 

River to spawn approximately two weeks later than on the Pal.l1lunkey River. 

2-3 



2.2.2.2 CONI'INUED 

Egg Collection efforts on the James River began on 24 April at 

Berkley Plantation Landing. Berkley Plantation is in the Charles City­

Hopwell section of Virginia, directly belCM the Benjamin Harrison Bridge. 

Carmercial fishermen using gill-nets ~Q:J:ked together with biologists 

out of snall rCM boats during egg collection operations . Eggs were 

stripped fran spawning fanales and fertilized on the boat, rather than 

on the shoreline, as was the case on the Pamunkey River. Gill-netting 

was conducte:i fran 1530 to 2200 hours. 

2.2 . 2.3 Columbia River, Oreqon- Washinqton 

The egg CX)llection program on the Columbia River, Oregon-Washington 

was initiated on 5 June. This decision was detennined only after NES 

had confi.rmed through carrnercial fishermen that spawning shad were available 

in sufficient nunbers. 

Netting for shad was conducted on the north shoreline approximately 

two miles upstream at the Carnas··Washougal Reef (Troutdale area). Shad were 

captured by gill-nets , as i'n previous years. The nets utilized during 

the 1985 operation were 150 fathans in length, tapere:i in depth, with 

sections of 5 and 5~ inch monofilament mesh. Typically, three 45-60 

minute drifts were made nightly. Gill-netting was conducted fran 1700 to 

2200 hours . 
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2.2.2.4 Delaware River, Pennsylvania - New Jersey 

The Delaware River was first utilized for American shad egg collection 

in 1983 by personnel of the U.S. Fish arrl Wildlife Service , PA Fish Can­

mission arrl a group of local volunteers. The Delaware was knCMn to have a 

significant shad population , however unlike the Pamunkey , James arrl 

Colunbia rivers, no carmercial fishery existed. Shad used by SRAFOC 

fran the Virginia arrl Oregon rivers are part of the seasonal carmercial 

harvest. 

This years sampling program was conducted by PFC at Smithfield Beach, 

8 miles upstream (NE) fran East Strotrlsburg, PA. , fran 30 April to 15 May. 

Shad were captured with anchored gill-nets (200- ft long x 6-ft deep, with 

4 3/4 - 6- in mesh) set parallel to the current. Nets we.re set between 

dusk arrl midnight , arrl the catch was shuttled by boat to the shore for 

processing. Operations were terminated when the majority of shad taken 

were no longer in spawning condition. Shad used for egg collection were 

donated to the Eas t Stroudsburq State College Raptor group as food for 

protected birds of prey. 
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2.3 TRANSPOR!'ATICN 

2. 3.1 Virginia Rivers 

Shad eggs collected fran the Parnunkey arrl James Rivers were trans­

ported by autanobile, as was the case in 1983 arrl 1984. Eggs collected 

at the rivers were driven to Sandston, Virginia. Arrangements were made 

to deliver the shiµnents fran Sarrlston to the Van Dyke Hatchery. NES 

personnel in Virginia notified the hatchery nightly to verify the 

estimated number of liters and the E'I'A of the shiµnent . The average delive.t} 

ti.Ire fran Virginia to Van Dyke was six hours. 

2. 3.2 Columbia River 

After packaging the eggs fran the Columbia River, the boxes were 

transported by van to the Eastern Airlines Terminal at the Portl and 

I nternational Airport. This year ' s operation utilized Eastern Airlines 

Sprint Service (Snall package service), rather than United Airlines , the 

carrier contracted in previous operations , as a result of the strike on 

United Airlines. 

Egg shipnents were fXCMn fran Portland to Atlanta on Eastern Ajrlines 

Flight #453 and transferred to Eastern Airlines Flight #809 to Baltirrore­

Washington International Airport (BWI) . Upon arrival of egg shiµnents 

into BWI, eggs were transported by van to the Hatchery. Approximate 

shipping time was 11-13 hours. 
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2. 3. 3 Delaware River 

Egg shipnents frau the Delaware River were transported in the 

same manner as in Virginia. Eggs were delivered by autanobile frau the 

collection site to the Van Dyke Hatchery. The driving distance to the 

hatchery was approximately 3 hours . 

2. 4 OOLLOCTION SCHEDULE 

The shad egg collection schedule was based on experience gained 

over a eleven year period. Initiation of collection activities on any 

river was determined through cxmnunications with cannercial fishennen 

a:rrl./or participation in fishing activities which documented that spawning 

shad were available in sufficient numbers. Collection activities usually 

began when water temperature reached 55--60°F. 

East Coast egg collection operations were tenninated when less than 

5 liters of eggs were taken on a nunber of consecutive nights or it was 

apparent that shad had concluded spawning activities . The West Coast 

operation was based on the m:mber of fishing days that the budget could 

support and/or the quality ·ana quantity of eggs available. 

2.5 QUALITY CONTROL 

In 1983 a cooperative effort was made to improve procedures of 

collection, artificial fertilization and shipnent of American shad eggs. 
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2.5 CONTINUED 

This effort deroonstrated that quality eggs could be successfully collected 

fran various river systems. 

Quality control of spawning techniques and transportation arrange­

ments are essentj al for providing "quality" eggs to the program. In 

past years, male shad shortages occasionally necessitated the use of milt 

fran dead males to fertilize eqgs, arrl the use of milt fran one male to 

fertilize the eggs collected fran more than three females. ThE:! shortage 

of male shad is believed to have occurred because the fishing 9ear utilized 

by cannercial fishennan was designed to catch fish that typically approach 

the size of larger fanale American shad. 

In 1985 arranganents were made with conrnercial fisherman to construct 

nets of 5 arrl 5~ inch mesh, rather than the 5\ and 5 3/4 inch mesh used 

in previous years. This gear was designed to increase the number of males 

per catch and consequently improve the results of artificial fertilization. 

2. 6 RESULTS 

2.6 .1 Pamunkey River 

Shad egg collection began on 4 April on the Pamunkey River, Virginia 

and continued throughout the duration Qt the annual adult spawning runs. 

Water tenperature ranged fran 57 to 76°F. Egg collection efforts were 

halted on 30 April when ccmnercial fishermen no longer caught shad in 

gill-nets. A total of 5. 28 million E?9gs, were collected fran the Pamunkey 

River. 
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2.6.1 CX>NTINUED 

I£:M precipitation and high temperatures in late March and April 

resulted in an early shad run in Virginia. The majority of eggs on the 

Pamunkey River were taken between 5 and 16 April when water teroperature 

ranged fran 57 to 64°F. 

2. 6. 2 James River 

The James River provided sane 2. 05 million shad eggs fran 24 April-

10 May 1985 . Water temperature during the period of collection ranged 

fran 68-78°F. 

Carrnercial fishennen at Berkley Plantation and Grants Crossing 

indicated that the 1985 up-river shad run on the James River was the worst 

that they could recall. They attrjbuted the poor fishing to the unseason­

ably warm spring which raised water temperature above the 70°F mark as 

early as 20 April , resulting in increased down-river spawning. 

2.6.3 Colunbia Rjver 

Egg Collection on the, Columbia River began on 5 June and continued 

through 26 June. Water temperatures ranged fran 55·-68°F. A total of 

12. 06 million eggs were sent to the Van Dyke Hatchery in 15 seperate 

shipnents. 

Egg production on the Colunbia River was down si~ficantly fran 

previous years . This was in part the result of a dry/hot spring which 
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2.6.3 CONI'lNUED 

lc,,.,iered water levels 10-15 feet belc,,.,i nonnal , preventing fishermen fran 

effectively fishing their gear. Egg production was also hampered by 

a less than average shad run. 

Hc,,.,iever, though overall productj on was da.,.in in 1985, the addition 

of new gear greatly improved the male catch. A total of 287 mal es and 

829 fanales were taken in 1985. 

2. 6. 4 Delaware River 

In 1985 the Delaware produced the hiqest total number of egqs in 

the history of the collection proqram. Spawninq in the Delaware River 

started earlier than past years and the PFC crews workinq at Smithfield 

Beach took a total of 6. 1 million eggs . Eqgs were shipped to Van Dyke 

Hatchery fran 30 April - 15 !1ay in nine seperate shipnents. 

Of the 6. 1 million eggs collected, sane 32% were stocked in the 

Lehigh (1 . 28 million) and Schuylk1ll (0.67 million) rivers as part of 

the restortation of Ameri~ shad to those river systens. 

2. 6. 5 All Rivers Conbined 

The shad egg collection operation was corrlucted on three East 

Coast rivers and the Columbia River between 4 April and 26 June. Over 

the three month period a total of 25,568,500 eqgs were collected fran the 

various rivers . The James, Pamunkey and the Delaware produced 13. 50 mj llfon 
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2. 6. 5 Conb nued 

eggs, while sane 12. 06 million were obtained fran the ColUTibia River. 

Although, the Virginia rivers arrl Columbia rivers were not as productive 

as in sane years, the Delaware had its highest total since its inclusion 

in the program. 

2.6.6 Srnmary 

The 25.57 million eqqs collected durinq East arrl West Coast river egg 

collection program was dc,,.m approximately 37% £ran 1984. The Columbia 

River was off the most, producing only 12.06 million shad eggs this year, 

crn,pared to 27. 8 million in 1984. This was primarily due to a poor shad 

run at the Carnas-Washjngton reef (Troutdale area) arrl low river flows 

which hampered qill-netting operations. The Virginia rivers were also 

less productive as a whole in 1985. Low flows arrl hiqh temperatures 

apparently disnD?ted the nonnal pattern of shad migration to the upper 

Virgjnia river; shad were not present in large nunbers on any predictable 

basis. Although the James, Pamunkey arrl Columbja rivers had off-years, 

the Delaware River produced sane 6.1 million shad egqs. 
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TABLE 1. Sampling pericd for East arrl West Coast rivers for collection of 
Arrerican shad E:!ggs, 1985. 

RIVER 

Pamunkey 

James 

Columbia 

Delaware 

SAMPLING OCHEDULE 

DATES 

4 April - 30 April 

24 April - 10 May 

5 June - 26 June 

30 April - 15 June 

'I'OI'AL 
FISHrnG DAYS 

26 

13 

16 

9 

TABLE 2. Collection data of the total volume am number of American shad eggs 
on the Pamunkey, James, Columbia am Delaware rivers, 1985. 

RIVER 

Pamunkey 

James 

Columbia 

Delaware 

'I'OI'ALS 

VOLUME OF 
EGGS SHIPPED (L) 

168.8 

48.0 

438.9 

168.7 

824 . 4 
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TCYrAL NUMBER 
OF EGGS 

5,286 ,400 

2,050,300 

12,068,51)0 

6,163,300 

25,568 ,500 



l's) 
I ..... 

w 

TABLE 3. Total number (millions) of American shad eggs collected fran the Pamunkey, Mattaponi, Jarres, 
Potanac , Susquehanna, Delaware , Connecticut, Hudson arrl Columbia Rivers, 1971-1985. 

Year Pamunkey Mattaponi James Potanac Susqueharma Delaware Connecticut Colunbia Hudson 

--
1971 -- -- - -- 8.42 - -- -- --
1972 -- -- -- -- 7.10 -- -- -- --
1973 8.45 6.48 -- 34.64 4.74 -- 4.30 -- --
1974 9.75 6. 80 19. 20 5.56 -- -- 0. 53 8.18 --
1975 1.88 -- 7.15 5.70 -- -- -- 18. 42 --
1976 -- -- -- -- - 4.10 -- 54.80 --
1977 4.40 0.57 3.42 -- - - 0.35 8.90 --
1978 6.90 - 10.11 -- -- - -- -- --
1979 3.17 -- 4.99 -- - -- -- -- --
1980 6.73 -- 6.83 -- -- -- -- -- --
1981 4.58 -- 1.26 -- -- - -- 5.78 --

1982 2.03 -- 1.25 -- -- - -- 22.57 -
1983 5.49 -- 5.91 -- -- 2.40 -- 19.51 1.17 

1984 9.83 -- 0.74 -- -- 2.64 -- 27 . 88 --
1985 5.28 · ·- 2.05 - ~ 6.16 12.06 --

'IDTALS 68. 49 13.85 62.91 45. 90 20.26 15. 30 5.18 178.10 1.17 

Totals 

8.42 

7.10 

58.61 
50.02 

33.15 

58.90 

17.64 

17. 01 

8.16 

13.56 

11.62 

25.85 

34.48 

41.09 

25.55 

411.16 



TABLE 4. Collection data for American shad eggs taken on the Pamunkey River, 1985. 

Volune of Eggs 
Received at 

Collection Water Number of Hatchery Weather Condition Number of 
Date Temperature Adult Shad (in liters) Air Temperature Ccmnercial 

( OF) (OF) Fishennen & Boats 

April 4 60 0 No shiprent Clear/60° 2 - 1 
5 61 58 13. 7 Clear/80° 3 - 2 
6 63 42 13.3 Clear/75° 3 - 2 
8 59 70 18. 1 Overcast/60° 3 2 
9 57 0 No shipnent Overcast/50° 1 ·- 1 

10 56 8 No shipnent Clear/55° 1 - 1 
11 57 13 No shipnent Clear/69° 4 3 
12 61 68 19. 0 Clear/75° 4 - 3 
13 61 85 22.9 Clear/80° 5 - 4 

N 14 62 0 No shipnent Overcast/60° 1 ·- 1 I 
t--' 15 62 107 32 . 4 Overcast/65° 5 - 4 ~ 

16 64 74 25.5 Rain/75° 5 - 4 
17 66 43 11. 3 Clear/70° 4 3 
18 65 0 No shipnent Clear/80° 1 - 1 
19 68 40 9.0 Clear/93° 4 - 3 
20 70 0 No shipnent Clear/93° 1 - 1 
21 72 0 No shipnent Clear/94° 1 - 1 
22 74 12 No shipnent Clear/94° 4 - 3 
23 76 0 No shipnent Clear/90° 4 - 3 
24 75 0 No shipnent Rain/75° 1 ,- 1 
25 74 10 No shipnent Clear/70° 3 2 
26 75 20 3 Clear/85° 3 L 

27 76 0 No shiprent Clear/85° 1 - 1 
28 76 0 No shiprent Clear/80° 1 - 1 
29 76 10 No shipnent Clear/70° 2 - 1 
30 76 0 No shiprent Clear/85° No fishing 



TABLE 5. Collection data fran lm:rican shad eggs on the Jcmes River , .1985. 

Collection 
Date 

April 24 

25 

26 

27 

29 

30 

May 1 

2 

3 

4 

7 

8 

10 

Water Number of 
Temperature Adult Shad 

(oP) 

75 0 

76 0 

76 66 

76 28 

76 0 

76 10 

78 59 

76 2 

68 20 

70 4 

73 12 

73 17 

73 20 

Volume of Eggs 
Received at 

Hatchery 
(in liters) 

No shipnent 

No shipnent 

14. 0 

7.0 

No shipnent 
No shiµnent 

16.2 

No shipnent 

No shipnent 

No shipnent 

4. 4 

6~4 

No shiµnent 
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Weather Condition 
Air Tarperature 

(OF) 

Rain/ 75° 

Clear/ 70° 

Clear/ 85° 

Clear/ 85° 

Clear/ 70° 

Clear/ 85° 

Clear I 80° 

Rain/ 65° 

Clear/ 55° 

Clear/ 60° 

Clear/ 60° 

Clear/ 60° 

Clear/ 75° 

Number of 
Carmercial 

Fishennen & Boats 

1 - 1 

1 - 1 

4 - 2 

4 - 2 

High Wirrls 

4 - 2 

4 - 2 

1 - 1 

5 - 3 

3 - 2 

2 - 1 

4 - 2 

2 - 1 



T.MLE 6. Collection data for American shad eggs taken on the Columbia River, 1985. 

Volume of Eggs 
Collection Water Number of Received at Weather Condit 

Date Tanperature Adult Shad Hatchery Air Tenperatun 
(OF) Male Female (in liters) (OF) 

June 5 60 20 60 25.3 Overcast/ 60° 

6 59 Net Tom No shiµnent Heavy Rain/Si 

7 55 30 60 29.7 Overcast/ 60° 

10 59 19 83 54 . 5 Clear/70° 

11 62 12 90 45. 7 Clear/72° 

12 64 30 90 49.5 Clear/75° 

13 64 20 50 30.2 Clear/77° 

14 64 10 30 14.4 Clear/80° 
17 65 20 20 10.2 Clear/79° 

18 67 40 40 17.2 Clear/78° 

19 68 20 60 31. 7 Clear/75° 

20 68 25 70 32.6 Clear/89° 

21 68 25 76 34.6 Clear/85° 

24 65 8 40 21.9 Overcast/72° 

25 66 6 40 19. 6 Clear/75° 

26 67 2 20 11. 7 Clear/77° 
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TABLE 7. Collection data for American shad egqs taken on the Delaware 
River, 1985. 

Date Date Vol (1) 
Shipped Received Received Eqqs 

April 30 May 1 18.6 605,600 

May 1 2 23.8 722,300 

6 7 9.8 278,700 

7 8 21.6 671,300 

8 9 8. 5 258,400 

12 13 35.5 1,269,500 

13 14 19.2 900,100 

14 15 18.4 781,700 

15 16 13. 3 675,700 

2-17 



JOB III. AMERICAN SHAD HATCHERY OPERATIONS 
M. L. Hendricks, T. R. Bender, and V. A. ~udrak 

Pennsylvania Fish Commission 

INTRODUCTION 

Benner Spring Fish Research Station 
Bellefonte, PA 

The Pennsylvania Fish Commission has operated the Van Dyke 

Research Station for Anadromous Fishe s since 1976 as part of an 

effort to restore diadromous fishes t o the Susquehanna River 

system. The objectives of the Van Dyke Station are to research 

culture techniques for American shad and to rear juveniles, both 

fry and fingerlings, for release into the Juniata and 

Susquehanna Rivers. The program goal is to develop a stock of 

shad imprinted to t he Susquehanna drai nage, which will 

subsequently return t o the river as spawning adults. This 

year's effort was supported by fun ds pr ovided from the 

settlement agreement between upstream hydroe 1 ectri c project owners and 

intervenor s in t he FERC relicensing proceeding related to Ameri can shad 

res toration in t he Susquehanna River (approved i n April, 1985). 

Production goals for 1985 included the stocking of 10+ 

million 18-day-old shad fry, and 50 thousand so+ day old 

fingerlings. An effort was made to mark al l hatchery-reared 

American shad fry by immersion in oxy tetracycline (OTC) bath 

treatments in order to distinguish hatchery reared outmigrants 

from juveniles produced by natural spawning of transplanted 

adults. In addition, all f ry were exposed t o phe nethyl alcohol, 
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an imprinting agent to be used as a chemical attractant at the 

Conowingo Dam fish collection facility. Procedures were 

initiated in 1985 to disinfect all egg shipments received at Van 

Dyke to prevent the spread of infectious diseases from 

out-of-basin sources. 

Expansion/improvement of the Van Dyke facility approved by 

SRAFRC for 1985 will be undertaken in winter 1985-1986. The 

expansion/improvement plans include the following: development 

of the capability for using Juniata River water as a supplement 

to spring water, installation of 16 aaditional rearing tanks, 

construction of a brine shrimp incubation room, construction of 

a data processing room, constructi on of an egg disinfection 

area, remodeling of the egg incubation area, re-plumbing of the 

tank effluent network, and excavation in the abandoned railroad 

bay to permit quick-release of fry into a gooseneck trailer. 

Research conducted at Van Dyke in 1985 focused on 

oxytet racycli ne tagging and improvement of feeding regimes. 

Oxytetracycline tagging research (Project 6b) included the 

following tests: 1) Treatment of 5-8 day old fry at 25 ppm 

oxytetracycline vs. an untreated control to determine treatment 

induced mortality and marking efficiency for very young fry; 

2) Bath treatment of 15-18 day old fry at 25 ppm oAytetracycline 

followed by treatment with OTC laced feed at 115-128 days of age 

to attempt to produce a unique double mark for fingerlings; 

3) Treatment of 15-18 day old fry by immersion in 50 ppm 
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oxytetracycline for 12 hrs./day vs. 6 hrs./day for four 

consecutive days to determine if detectable tags could be 

administered in a single 8-hour shift; 4) Treatment of 5 to 

8-day-old fry at 25 ppm OTC vs. 50 ppm OTC to assess treatment 

induced mortality and determine marking efficiency for very 

young fry at different concentrations; 5) Treatment of fry with 

bath treatments at 50 ppm OTC at 5-8 and 15-18 days of age to 

attempt to produce a unique double mark for fry. 

Feeding research (Project 7) involved two tests: 1) 

Survival, growth, and incidence of feeding was compared for 

tanks fed Ar~~.mi9 nauplii plus APlOO larval diet (two tanks) vs. 

Ar~~.mj.9 nauplii plus milled .Af~~1Jli9 flakes Cone tank) vs. 

Ar~~~ only. 2) Survival, growth, and incidence of feeding was 

compared for tanks fed Art~mj9 nauplii plus three sizes (150, 

200, 250 micron) of APlOO larval diet. In addition, preliminary 

tests were conducted to assess the use of salt to reduce 

mortality during transportation. 
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EGG SHIPMENTS 

A total of 25.6 million eggs (814.3 L) were received in 38 

shipments at Van Dyke in 1985 {Tables land 2). By comparison, 

in 1984, 41.1 million eggs were received in 39 shipments. Egg 

shipments from the Pamunkey and Columbia Rivers decreased from 

1984 to 1985 (9.8 and 27.8 million eggs shipped in 1984 vs. 5.2 

and 12.1 million eggs shipped in 1985, respectively). These 

declines in egg shipments are thought to be the result of 

climatic conditions (early springtime temperatures and low water 

conditions). Egg shipments from the James and Delaware Rivers 

increased from 1984 to 1985 (.7 and 2.6 million eggs shipped in 

1984 vs. 2.0 and 6.1 million eggs shipped in 1985, 

respectively). 

Overall egg viability (defined as the percentage which 

ultimately hatches) was 40.9%, down from 45.2% in 1984. Egg 

viability for the Pamunkey River was similar in both years 

(64.5% in 1984 vs. 62.5% in 1985). Egg viability for the James 

River decreased from 63.9% in 1984 to 52.6% in 1985 . Egg 

viability for the Delaware River increased from 31.2% in 1984 to 

50 .5% in 1985. Egg viability for the Columbia River decreased 

from 39.2% in 1984 to 24 . 5% in 1985, and was responsible for the 

decrease in overall viability. 

The low egg v i ability experienced in Columbia River 

shipments was the result of human error during the egg 

disinfection process, which was initiated in 1985. As a result 

of low pH during disinfection, shipments 27, 28, 29, and parts 

of shipment 26 experienced total mortality, while shipment 30 
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exper i .enced par ti al mortality. These egg shipments were 

disinfected with an iodine product whose constituents were 

significantly more acidic than those used on other shipments . 

Egg viability for Columbia River shipments, excluding shi pment s 

26 to 30, averaged 41.1%. 

PRODUCTION 

Survival, production, and stocking of American shad fry are 

presented in Tables 2, 3, and 4. Survival of all fry from 

viable eggs to stocking, was 76.2% (Table 3), up from 72.8% in 

1984 (Wi ggins et al., 1984a). This increase in survival is more 

significant than it appears since a large portion (46.9%) of the 

fry stocked in 1984 were less than 14 days of age, while in 1985 

no fry were stocked at less than 14 days of age and only 7.6% 

were stocked at less than 18 days of age. Survival of Columbi a 

River fry to 18 days increased from 57.4% in 1984 to 69.8% in 

1985. The increase in survival from 19 84 to 1985 is presumed to 

be a result of changes in feeding regimes, specifically the use 

of APlOO larval diet as a food supplement, fed by automatic 

feeders, on a production basis. 

Total fry production in 1985 was 7.9 million (Table 3), down 

from 1984 (13.5 million) as a result of the decrease in numbers 

of eggs shipped. The majority of the fry produced were stocked 

in the Juniata River (5.4 million ) . Fry were also released into 

ponds at Van Dyke (252,000) and Benner Spring (584,000) for 
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research and production of fingerlings. Wellsboro National 

Fishery Research and Development Center also received 51,000 

fry for research purposes. For the first time, fry were also 

shipped to downstream release sites and out-of-basin sites. 

Conowingo Reservoir r.eceived 812,000 fry marked with a unique 

double mark from 5-8 and 15-18 days of age. In addition, fry 

from Delaware River sources were transported to the Lehigh River 

(600,000) and Schuylkill River {252,000). 

Total fingerling production in 1985 was 115,000 (Tables 2 

and 3), up from 30,500 in 1984. Fingerlings from the Benner 

Spring facility (Table 3) were stocked in the Susquehanna River 

below Conowingo Dam (53,000), while fingerlings from Van Dyke 

and Thompsontown were stocked in the Juniata River (62,000). A 

small number (665) of fingerlings were also provided to 

Radiation Management Corporation for use in radiotelemetry 

studies. 

SURVIVAL 

High mortalities were experienced in some tanks as a result 

of failure to re-establish flow in the tank after OTC treatment 

Cl tank), improper adjustment of flow in the tank after OTC 

treatment (2 tanks), low dissolved oxygen during OTC treatment 

<suspected in one tank), and below normal temperatures during 

hatch Cone tank). Survival of all fry excluding these 

81.2% and represents a : ealistic target for future efforts using 

current production techniques. 
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There is considerable variation in survival between tanks 

over and above that explained by known causes. Figure 1 and 

Table 5 provide a temporal analysis of that variation by 

comparing survival (computed from mean daily mortality> for four 

groups of American shpd fry. Groupings were based on 19-day 

cumulative survival and tank location. 

Low survival in outdoor tanks has been a problem in previous 

years CT. A. Wiggins, pers. comm. ) . Outdoor tanks which 

experienced 19-day survivals of less than 701 (n=3) began to 

experience high mortalities immediately after hatch (Figure 1). 

Mean cumulative survivals after 4 days of age were as follows: 

.G.r.9 J.l.P ~~DJ_~_..S.U.t.Y.iY" 

(Outdoor) 19 day s < 70% Cn=3) 83.4% 

(Indoor> 19 day s < 70% Cn=2> 96. 6% 

70% s 19 day s ~ 85% Cn=29) 95.0% 

19 day s > 85% Cn=21) 97.4% 

These results were tested statistically with a one-way Anova 

(Ott, 1977) and found to be significantly different (F=71.8, 

d.f.=3, 51; a=.01). Duncan ' s New Multiple Range Test indicated 

that outdoor tanks with 19 day survival <70% were significantly 

different from the other groups and that tanks with 19 day 

survival >85% were significantly different from tanks with 19 

day survival between 70 and 85%. 

After 4 days of age, outdoor tanks experienced mortality 

trends similar to other groups. We postulate that these low 

survivals for outdoor tanks are related to high illumination 

levels present in the outdoor environment. Visual observation 

indicates that light levels are consistently higher than in 

3-7 



indoor tanks despite the fact that an awning protects the 

outdoor tanks from direct sunlight. By experience, we know that 

American shad fry sometimes dive to the bottom of the tank and 

form dense schools. This behavior has been observed on many 

occasions and has been attributed to bright light in shipping 

bags and outdoor tanks, and to cold temperatures in indoor 

tanks. This behavior is often associated with high mortalities, 

presumably due to oxygen depletion within the dense school. The 

fact that survival in some outdoor tanks is good might be 

explained by favorable environmental conditions during the 

critical period immediately after hatch. 

Indoor tanks with 19-day survival less than 70% Cn=2) 

exhibited good survival until approximately 11 days of age, at 

which time mortalities increased and remained atypically high 

until stocking at 21 days of age (Figure 1, Table 5). 

Mean cumulative mortalities from 11 to 17 days of age were 

analyzed to minimize problems with unequal sample sizes. 

Mean Cumulative 

(Outdoor) 19 day s <70% <n=3) 15.5% 

(Indoor) 19 day s <70% (n=2) 38.0% 

70% ~ 19 days ~ 85% <n=29 ) 12.4% 

19 days >85% <n=21 ) s.21 

These results were significantly different (F=220, d.f.=3, 51: 

a=.01). Duncan's New Multiple Range Test indicated that all 

four means were significantly different from each other. 
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Comparison of tanks with 19 day survival greater than 85% to 

those ~ith 19 day survival between 70% and 851 (Figure 1, Table 

5) indicated that significant differences in survival between 

these two groups existed in the first 4 days after hatch, and 

again from 11 to 17 days of age. This suggests that these 

shipments are encountering a minor genetic or environmental 

problem sometime between the spawning operation and the end of 

the hatching process, which manifests itself early in life and 

continues until at least day 17. 

Increases in mortalities for all groups after 10 days of age 

correspond temporally with the transition from endogenous to 

exogenous feeding at 9 to 14 days of age. However, mortalities 

did not level off after 14 days as did those reported by Wiggins 

et al. {1985). These new mortality patterns may relate to 

changes in feeding regimes <use of dry diet as a food 

supplement) or OTC tagging. 

High mortalities experienced with small lots of fish have 

been a nagging problem at Van Dyke CT. A. Wiggins, pers. comm.). 

In 1985, one such tank (initial density 44,800) had a 20 day 

survival of 32.7% and, as a result, was eliminated from the 

statistical analysis above. We postulate that mortalities in 

low density tanks are a consequence of failure to find feed and 

subsequent starvation, as a result of a feeding schedule which 

feeds according to number of fry without accounting for water 

volume. In the future, we will feed low density tanks based on 

100,000 fry, regardless of the actual density. 
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OTC TAGGING 

Based on research conducted in 1984, an effort was made in 

1985 to tag all hatchery production fish with oxytetracycline 

(OTC) using bath treatments for fry and feed treatments for 

fingerlings. Hatchery produced outmigrants could then be 

distinguished from progeny which were naturally spawned from 

transplanted adults by evaluation of otoliths using fluorescent 

microscopy techniques. 

Research conducted in 1984 concluded that a detectable tag 

·could be produced by immersing 15 to 18 day old fry in a bath of 

50 ppm OTC for 12 hours on each of four consecutive days, during 

which time feeding was suspended (Wiggins et al, 1984b). In 

order to tag all fry on a production basis, tags would have to 

be applied at an earlier age (5-8 days), and feeding would 

continue during tagging. Oxytetracycline toxicity has been 

reported in the literature (Weber and Ridgeway, 1962) and it was 

feared that younger fry (5-8 days) would not survive treatment 

at 50 ppm. As a result, it was agreed that all Virginia river 

fish would be treated at 25 ppm OTC and fed during treatment 

(Proj ect 6a). Research was scheduled to determine survival of 

5-8 day old fry treated at 25 ppm vs. an untreated control, and 

to determine survival of 5-8 day old fry treated at 25 vs. 50 

ppm OTC (Project 6b). The results of this research would be 

used to determine the tagging methods used on subsequent 

shipments. 
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Table 6 summarizes OTC treatments by method and river 

stocked. Results of the initial test indicated that f ry treated 

with 25 ppm OTC at 5-8 days of age survived better than an 

untreated control. As a result, Virginia river fish were 

treated with 25 ppm OTC as planned. On May 31, a decision was 

made to begin treating 15-18 day old fry at 50 ppm to ensure 

adequate dosage for marking. This resulted in some fry being 

treated at 25 ppm for 2 days and 50 ppm for 2 days (Table 6). 

Due to manpower shortages, the test comparing survival of 5-8 

day old fry treated at 25 vs. 50 ppm OTC was not conducted until 

.the first Columbia River shipment. The results of this test 

indicated that 5-8 day old fry survived better when treated at 

50 ppm OTC than at 25 ppm. Subsequently, all treatments were a t 

50 ppm OTC. 

OTC RES EAR CH 

All OTC research was conducted using methods developed in 

1984 (Wiggins et al., 1984b). Bath treatments were administered 

for 4 consecutive days, 12 hours per day (unless otherwise 

specified). Fresh water flow was shut off during the bath 

treatments and oxygen levels maintained by the addition of pure 

bottled oxygen. Potassium phosphate and sodium phosphate 

buffers were used to maintain neutral pH. Dissolved oxygen and 

pH were checked periodically to ensure acceptable levels. 

Feeding was continued during treatments, however, it was 

sometimes necessary to reduce rations of dry diet to prevent 

clouding of the water with unused fish food. 
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Test 1 compared survival of fry treated with 25 ppm OTC at 

5-8 days of age to an untreated control. Nineteen day survival 

of the treated fry (Figure 2, Table 7) was greater (89.81) than 

fish in the control tank (78.8%). As a result, we were able to 

mark Virginia river fry at 25 ppm without sacrificing 

production. A portion of these fry were retained for grow-out 

in a raceway at Benner Spring Fish Research Station and sampled 

at 77 days of age. A total of 5.6% CS/90) had detectable tags 

(Table 7). These otoliths could be read without grinding. 

Test 2 was an attempt to mark American shad fingerlings by 

feeding OTC laced feed at 115-128 days of age (Table 7). Four 

tanks of fish were involved in the test. Fish in all four tanks 

were transferred to ponds at Benner Spring Fish Research Station 

at 44-45 days of age. One tank (Dl) was treated with 25 ppm OTC 

at 15-18 days of age and then fed OTC laced feed at 115-128 days 

of age. One tank (D2) was treated with 25 ppm OTC at 15-18 days 

of age but not fed OTC laced feed. For comparison, one tank of 

fish CC4) was treated with 25 ppm OTC at 5-8 days of age and one 

tank (D3) was held as an untreated control. Survival data for 

each of the four tanks is depicted in Figure 3. 

Samples for otolith analysis were taken at 127-158 days of 

age (Table 7}. Subsequent to sampling, all fish were fed OTC 

laced feed to ensure marking prior to release. 

Analysis of otolith samples indicated that marking 

efficiency was similar for all three groups marked by immersion 

in 25 ppm OTC CS.7%, 7.0%, 5.3%, Table 7}. This compares well 

with the 5.6% marking efficiency in Test 1, Tank A2, aespite the 
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fact that otoliths from Test 1 were sampled at 79 days of age 

and thus viewed without grinding while those from Test 2 were 

sampled at 158 days of age and required grinding on both sides. 

These mark detection rates are very poor in comparison to the 

98.4 to 1001 rates exhibited by fry treated at 50 ppm OTC (Table 

7, Tests 3-6). 

Test 2 samples involved fingerlings reared in outdoor ponds 

while Test 1 fingerlings were reared in an outdoor raceway. 

Combined marking efficiency ( 25 ppm OTC) for these tests was 

5.9% (19/324). In contrast; Test 4, Tank Bl, fish exhibited a 

25 ppm OTC marking efficiency of 79.7% (Table 7). This group 

was reared entirely indoors. Exposure to sunlight in outdoor 

ponds has been shown to have a photolytic effect on tetracycline 

fluorophore in the scales of salmon (Weber and Ridgeway, 1967). 

Apparently, this phenomnon is also applicable (perhaps to a 

lesser extent> to otoliths, at least for American shad 

transferred to outdoor ponds at 44-45 days of age. 

Marking fingerlings by feeding OTC laced feed at 3 g OTC per 

pound of feed was completely unsuccessful. None of the 71 fish 

examined displayed a detectable mark. Marking of salmonids with 

OTC laced feed has been quite successful (Weber and Ridgeway, 

1967; Weber and Ridgeway , 1962; Choate, 1964; Trojnar, 1973). 

These studies all involved salmonids tagged in raceway 

situations where accurate censusing methods could be used and 

tetracycl ine doses determined as mg OTC per kg body weight. We 

were not able to determine biomass in our ponds, consequently, 

we fed OTC laced feed a t dosages used f or treatment of internal 

bacterial diseases ( 3 g OTC per pound of feed>. 
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Test 3 was an attempt to mark fry with 50 ppm OTC by 6 hour 

bath treatment. Six hour bath treatments would benefit 

logistics and scheduling by allowinq treatment within an 8 hour 

shift. Survival of fry tagged in 6 hour vs 12 hour baths is 

depicted in Figure 4. Lower survival for the 6 hour bath 

treatment resulted from mortalities prior to treatment. 

Marking efficiency (Table 7) for fry treated for 6 hours 

(96.9%) was only slightly less than for fry treated for 12 hours 

(100%). Unfortunately, these lots were reared entirely 

indoors. In light of the photolytic effects of sunlight 

demonstrated earlier, further testing in an outdoor situation is 

necessary. 

Test 4 compared survival and marking efficiency for fry 

marked at 25 vs 50 ppm OTC at 5-8 days of age. Survival of 

these lots was very similar (Figure 5 ) , in fact, fry treated at 

50 ppm survived slightly better than those treated at 25 ppm. 

Marking efficiency (Table 7 ) was only slightly lower for fry 

marked with 25 ppm (79.7% ) than f o r fry marked with 50 ppm 

(98.4%). However, both lots were reared entirely indoors, 

eliminating possible photolytic effects due t o exposure to 

sunlight. 

Test 5 (Table 7) was an attempt to produce a unique double 

mark for fry destined to be stocked at down-river sites. Fry 

were marked by immersion in 50 ppm OTC at 5-8 days of age and 

then again at 15-18 days of age. Samples were collected at 49 

and 64 days of age and analysis indicated that a double mark was 

detectable on 100 of 102 samples (98 .0 %). One individual had no 
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5-8 day mark but a good 15-18 day mark. One individual had 

neither a 5-8 day nor a 15-18 day mark. Marks produced during 

this test were much more distinct than those produced by other 

tests. For example, 94.6% of the marks in this test were scored 

++or+++ while only 55.9%, 36.1%, and 62.7% of the 50 ppm marks 

in Tests 3, 4 and 6 (respectively> received similar scores. 

Test 6 evaluated the marking efficiency of fry marked with 

SO ppm OTC at 15-18 days of age and then reared in an outdoor 

pond. Fingerlings were sampled at 145 days of age and marking 

efficiency was 100%. 

Nineteen-day survival (62.7%) was low, apparently as a 

result of low temperatures during hatch which caused the newly 

hatched fry to lay on the tank bottom in dense schools, 

presumably resulting in oxygen depletion. These mortalities had 

no bearing on the test. 

Inspection of 19-day survival data (Table 7) from Tests 1, 3 

and 4 indicates that in each case higher OTC concentrations or 

longer OTC treatment resulted in slightly better survival. In 

Test 3 (Figure 4) differences in survival between the two test 

tanks were well established prior to OTC treatment. In Tests 1 

and 4 (Figures 2 and 5), however, survival between tanks was 

similar until after treatment, suggesting the possibility that 

OTC treatment may have a prophylactic effect. 
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FEED RESEARCH 

Feed research was conducted using tanks with production 

densities of f ry. 

during the test. 

Standard OTC treatments were administered 

Live Art~.m.i9. nauplii (Sanders Brine Shrimp 

Company> were fed by automatic feeders developed by Theis and 

Howey (1981). Tanks which received live Art~JJ\ia only were fed 

at the optimum rate of 18 Ar~~.m.i.a/fish-day (Wiggins et al. , 

1984b). Tanks which received dry diet as a supplement to live 

.Ait~.mi9 were fed at a rate of 12 Art~~j9/fish-day. Live Art~.mj.9 

were enumerated volumetrically by determining the number present 

in a sub-sample and calculating the correct volume to be fed 

based on the sub-sample and the density of fry in the tank. 

Tank density was estimated using techniques developed by Wiggins 

et al. (1985). 

Dry diet was pre-weighed on a triple beam balance, packaged 

in daily rations, and stored in a refrigerator until use. Daily dry 

diet ration was 64.5 g/ 250k fish (Wiggins et al., 1984b), based 

on the number of fry at hatch. Dry diet was fed by Sweeney 

model AF-6, vibrator type feeders. Both dry diet and live 

feeders were operated for 5 seconds every 5 minutes and adjusted 

to feed out in 8-10 hours. Twenty-five fish samples were 

extracted from each tank every other day for growth and feeding 

analysis. 

Test l compared survival, growth, and incidence of feeding 

for American shad fry fed Art~.mj.~ nauplii plus APlOO larval diet 

Cl2A + APlOO, tanks Cl, D3), vs. Ar~~.mi~ nauplii plus milled 

AI~~JJl.i.9 flakes (12A + AF, tank C2 ) , vs. Art~.mj.9 only (18A, tank 

D4) • 
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Survival in ~he 4 test tanks was similar until 11 days of 

age when fish in tanks D3 and 04 began to die off (Figure 6). 

Percent daily mortalities from 11 to 19 days of age were 

averaged for each tank and a one way ANO',/A (Ott, 1977) used to 

test for significant differences. Results indicated that there 

were significant differences in the mean daily mortality between 

tanks CF=l8.8; d.f.=3, 30; a=.01). Duncan's New Multiple Range 

Test (Ott, 1977) indicated that the tank receiving 18A (D4) was 

significantly different from the others and tank 03 was also 

significantly different from the others. The two tanks with 

high fish survivals (Cl and C2) were not significantly different 

at the .OS level. The inconsistancy in the survival data of the 

two tanks receiving 12A + APlOO is a good example of unexplained 

variation in survival. 

Growth for fry in these four tanks is depicted in Figure 6 

and Table 8. Beginning on day 11 mean length appears to be 

consistently higher for tanks with better fish survival (Cl, C2, 

Figure 6). This was tested using a two-way Anova (Ott, 1977) 

with four levels of factor A (tanks) and three levels of factor 

B (15, 17, 19 days of age). Significant differences Ca=.01) 

were found between tanks {F=l3.S) and between days of age 

CF=6.7). Interaction was not significant CF=l.3). Duncan's New 

Multiple Range Test indicated that there was no significant 

difference in mean length of fish between tanks Cl and C2, and 

no significant difference in mean length of fish between tanks 

D3 and D4. All other pairwise comparisons were significantly 
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different. These results were consistent with survival data in 

that tanks with better survivals exhibited better growth. 

As expected, significant differences in mean length were 

also found between days of age. Duncan's New Multiple Range 

Test indicated that mean length at 19 days of age was 

significantly greater than at 15 or 17 days of age, but that no 

significant difference existed between 15 and 17 days of age. 

Incidence of feeding for American shad fry fed different 

diets is depicted in Figure 7 and Appendix 2. The low incidence 

of feeding on Ari~.mi~ nauplii depicted for the tank fed Ar~~.m.i9 

plus milled Ar~~..mi9 flakes probably relates to our inability to 

distinguish live Ar~~~jg from milled }u~~~jg in the gut. As a 

result, direct comparison of incidence of feeding for tanks fed 

12A + APlOO vs 12A + AF is not possible, and the tank fed 12A + 

AF is not included in the following analysis. 

One-way ANOVA was used to test the hypothesis that mean 

incidence of feeding on live Ar~~~jg was significantly different 

between tanks fed 12A + APlOO (Cl, D3) than the tank receiving 

18A only CD4). The test statistic was the number of fry in a 25 

fry sample with live Ar~~mj.g present in the gut. No significant 

differences were found, indicating that incidence of feeding on 

live Ar~~..mi~ was not shown to be influenced by the presence or 

absence of APlOO dry diet. 

Mean incidence of feeding on dry diet was compared for tanks 

Cl and 03 (both fed 12A + APlOO) using at-test (Ott, 1977). No 

significant differences were found despite the fact that 
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survival and mean length were significantly higher in tank Cl 

than in tank 03 . 

Temporal trends (or the lack thereof ) in feeding on dry diet 

and live Ar~~.JJ'lig. are apparent from Figure 7, and are left for 

the reader to interpret. 

This test evaluated the use of milled .Ar~~.mi.a flakes as a 

substitute for APlOO larval diet. Milled Ar~~JJU.9 flakes are 

advantageous in that they are canned, and as such, do not 

require refrigeration. In addition, they are less expensive 

($12.00/lb vs $15.35/lb for APlOO, 1985 prices). Based on 

results of this test milled .PJ~~.m.i~ flakes may be an acceptable 

substitute and further testing with replication is warranted. 

The test also confirmed the utility of dry diets as a feed 

supplement to live At~~.m.i.il and illustrated the nagging problem 

of unexplainably low survival in some tanks. 

Test 4 compared survival, growth, and incidence of feeding 

for American shad fry fed Ar~~.mi~ nauplii plus three sizes of 

APlOO larval diet (150, 200, 250 micron ) . Fry utilized for this 

test were part of a group destined to be stocked in Conowingo 

Reservoir and, as such, were treated with 50 ppm OTC at 5-8 and 

15-18 days of age. This test was terminated after 15 days as a 

result of high mortalities in two of the three tanks. These 

mortalities resulted from failure to restore proper fresh water 

flow to the tank after OTC treatment. 

Survival of fry fed three different sizes of APlOO larval 

diet is presented in Appendix 3, Table 9, and Figure 8. Mean 

daily mortality fr om 2 to 4 days of age of fry fed 250 micron 
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diet was consistently higher than the other two tanks (Figure 8) 

but this was not statistically significant CF=2.4; d.f.=2.6; 

a=.05). The reason for this is unknown, but is probably not 

related to diet. 

After 2 days of age survival trends were similar for all 

three tanks until 9 days of age when mortalities began to 

increase for tanks fed the larger sizes of dry diet. Percent 

daily mortalities from 9 to 13 days of age were averaged for 

each tank and a one-way ANOVA used to test for significant 

differences. Results indicated that there were significant 

differences in the mean daily mortality between tanks (F=l0.73; 

d.f.=2, 12; a=.01). Duncan's New Multiple Range Test indicated 

that the tank fed 150 micron diet had significantly lower mean 

daily mortality (9-13 days ) than the other two tanks. 

Growth of fry fed three different sizes of APlOO larval diet 

is presented in Table 9 and Figure 8. Growth was similar for 

all three tanks until 13 days of age when growth for fry fed 200 

micron dry diet increased dramatically (Figure 8). A two-way 

ANOVA was used to test for significant differences in mean 

length between the three tanks over days 13 and 15. Significant 

differences in mean length existed between the tanks (F=l8.7, 

a=.01) but not between days (F=.48, a=.01). Duncan's New 

Multiple Range Test indicated that fish from the tank receiving 

200 micron diet had significantly greater mean length than the 

others but that no significant difference in mean length existed 

between the tanks rec e i ving 150 and 250 micron diets. 
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Incidence of feeding is presented in Appendix 4 and Figu r e 

9. One-way ANOVA was used to test the hypothesis that mean 

incidence of feeding on live A.r~~~j9 was significantly different 

between the three tanks (150 micron, 200 micron, 250 micron). 

As befor e, the test statistic was the number of fry in a 25 fry 

sample with live A.rt~Jru.9 present in the gut. Significant 

differences were found Ca=.05, F=S.45) and Duncan's New Multiple 

Range Test indicated that mean incidence of feeding on live 

Ar~~.miil for the tank fed 200 micron diet was significantly lower 

than the other two, but the tanks fed 150 and 250 micron diets 

were not significantly different. 

Mean incidence of feeding on dry diet was also tested with 

ANOVA and found to be significantly different between the three 

tanks Ca=.01, F=24.4). Duncan's New Multiple Range Test 

indicated that mean incidence of feeding on dry diet for the 

tank fed 150 micron diet was significantly higher than the 

others, but there was no significant difference between the two 

tanks fed 200 and 250 micron diets. 

Fry fed 200 and 250 micron dry diets had a consistently 

higher mean incidence of feeding on live lu~~~j9 than on dry 

diet. This was not apparent for fry fed 150 micron diet. 

Temporal analysis of feeding patterns indicated that mean 

incidence of feeding on live .Ar~~.mi~ increased with age for the 

tank fed 250 micron diet. Mean incidence of feeding on live 

Ar~~.mj.9 for the group fed 150 micron diet appeared to peak from 

9-13 days of age. No trend was apparent for the tank fed 200 

micron diet. 
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Temporal patterns in mean incidence of feeding on dry diet 

were more obscure and are left to the reader to interpret. 

This test was based on the premise that shad fry would 

prefer smaller prey items (Wiggins et al., 1984b) and would 

therefore exhibit greater survival, growth, and feeding when fed 

small sized dry diet. Trends in survival (Figure 8) are clearly 

consistent with this hypothesis. Analysis of growth patterns, 

however, are not. Fry fed 150 micron diet grew no better than 

did those fed 250 micron diet and fry fed 200 micron diet grew 

best. Incidence of feeding tended to support this hypothesis in 

some ways but not in others. For example, fry fed on 150 micron 

diet fed on live .Ar~~.m.j.9 and dry diet with similar frequencies, 

while fry fed 200 and 250 micron diets had a higher mean 

incidence of feeding on live _ar~~.rnj9 than on dry diet. In 

addition, incidence of feeding on dry diet was consistently 

higher for fry fed 150 micron diet than for the larger diets 

(Figure 9). Unexpectedly, incidence of feeding on live Ar~~.Bll9 

was also highest for fry fed 150 micron diet. This might have 

been a result of better growth, but better growth was not 

demonstrated. It is possible that successful feeding on dry 

diet may have stimulated feeding on live ar~~~j~ as well. 

Statistical analysis of the results of the two feed tests 

indicate that statistically significant differences are present 

between the test tanks for certain parameters. A more important 

question is: Would 3tatistically significant differences in 

these parameters be evident on a production basis (would one 

feeding regime be more beneficial than another)? Unfortunately, 
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time did not permit replication of the tests, consequently no 

such claims can be made. 

TRANSPORTATION STUDIES 

A small scale test was conducted to assess the benefit of 

using a 0.25% solution of solar salt to mitigate stress during 

transport of American shad fry. Two groups of approximately 

5,000 19-day-old fry were extracted from a production tank 

during drawdown. This estimate was derived by dividing the 

final tank density by the number of scoops of fry used to remove 

the crowded fry from the tank. Both groups were brailed Cone 

scoop each) from the tank into polyethylene shipping bags. A 

measured quantity of solar salt was added to one bag to produce 

0.251 solution. Pure oxygen was 

added to each bag and the bag sealed with a hog castrator. A 

second bag was used as insurance against breakage and the bags 

placed in styrofoam coolers. The coolers were leaned against 

the Van Dyke oil burner shed to simulate the vibrations 

encountered in hauling. After 4 hours the f isb were stocked in 

outdoor tanks and mortalities were hand-counted daily for 5 

days. 

Initial density in the tanks (calculated by adding daily 

mortalities to the number of survivors) was very close to the 

estimated 5,000 (Table 10). Mortality after the first day was 

30.6% for the tank transported with salt and 60.6% for the tank 
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transported without salt. Cumulative mortalities were similar, 

however, from day 2 to days. Consistently high transport 

mortalities have been observed with small groups of fry (Wiggins 

et al., 1984b) and the high mortalities observed in both groups 

after day 1 may be related to starvation as discussed earlier. 

Transport mortalities for tanks at production densities were 

much lower (Wiggins et al., 1984b). Based on the first day's 

mortalities experienced in this test all subsequent shipments of 

American shad fry were transported in a 0.25% salt solution. 

Qualitative observations indicated that fry transported with 

salt were much more active and healthier looking at release than 

those transported without salt. 

In a second test, several groups of American shad 

fingerlings were monitored during transport in the new gooseneck 

trailer hauling unit in an effort to determine the new unit's 

hauling capacity. Different numbers of fish were hauled in the 

various compartments c-130 gal./compartment). The number of 

fish per compartment was estimated by counting the fish in four 

or five buckets, averaging the counts and multiplying by the 

number of buckets used for each compartment. 

All fish were hauled in 0.25% salt and antifoam CS ml/100 

gal), and D.O. and temperature were monitored. Results of the 

monitoring are presented in Tables 11 and 12. 

Data indicates that approximately 3,500 fingerlings 

averaging 3.7 inches in length and 6.3 gin weight can be hauled 

in each 130 gallon compartment for 6 hours with no problem. 

Data presented in Table 11 appears to indicate that 5,000 
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fish/compartment is excessive; however, there may have jeen an 

equipment problem since the DO increased dramatically when a new 

Bio Weave diffuser was put in place. It appeared that in order 

to work efficiently (produce very fine bubbles), the Bio Weave 

Oxygen diffusers must . lie perfectly flat on the bottom of the 

tank. Following this trip, the Bio weave diffusers were 

re-connected using longer pieces of hose. After the 

modification, the diffusers worked very well. 

The type of valves used for the oxygen diffusion system on 

each compartment c-130 gal./water) vibrated closed on a few 

occasions, and it was necessary to re-adjust them in order to 

maintain proper D.O. levels. The Fresh-Flow aerators, currently 

used as a back-up aeration system, were tried on several 

occasions and were found to be inadequate. Fish were sucked 

against the intakes and water flow was stopped. Further testing 

of the aerators should be done before they are eliminated as a 

back-up aeration system for transporting American shad 

fingerlings. 

A third group of fish was hauled from Wellsboro to Benner 

Spring, but the water quality was so poor Cmud, snails, 

vegetation and newts> that almost all the fish were lost. 

Different harvesting techniques will have to be used at 

Wellsboro in the future so that the fingerlings can be 

transported in clean water. Further monitoring of the gooseneck 

hauling unit will be conducted in 1986. 
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SUMMARY 

A total of 38 shipments of eggs (25.6 million eggs) was 

received at Van Dyke in 1985. Total egg viability was 40.91. 

overall survival from hatching to stocking was a record 76.21, 

resulting in the production of 7.9 million fry. The majority 

CS.4 million) of the fry produced were stocked in the Juniata 

River, but for the first time fry were also released in 

Conowingo Reservoir, and the Lehigh and Schuylkill Rivers. A 

record 115,000 fingerlings were produced for research and 

stocking in the Juniata River and the Susquehanna River below 

Conowingo Dam. 

All fry produced (with the exception of a small number of 

research fish) were subjected to baths in 25 or 50 ppm OTC in 

order to distinguish hatchery produced out-migrants from 

naturally produced out-migrants. 

Results of OTC research indicate that survival of fry 

treated with 25 ppm OTC at 5-8 days of age was greater than an 

untreated control. Survival of fry treated at 5-8 days of age 

was greater for fry treated at 50 ppm than at 25 ppm. Survival 

of fry treated by 12 hour baths {SO ppm OTC, 15-18 days of age) 

was greater than survival for 6 hour baths. These tests were 

not replicated and have not been subjected to statistical 

analysis. Marking efficiency for fry tagged with 25 ppm OTC and 

reared outdoors ranged from 5.3 to 7.0%. Marking efficiency for 

fry tagged with 25 ppm OTC and reared indoors was 79.7%. 

Mar king efficiency for fry tagged with 50 ppm OTC r anged from 

98.0 t o 100%, and was independent of rea r ing l ocations. Marking 
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efficiency for fry tagged with 50 ppm OTC in 6 hour bath 

treatments and reared indoors was 96.91. Marking efficiency for 

a double tag at 50 ppm OTC was 99.0%. No detectable marks were 

produced by feeding with OTC laced feed. 

Results of the feed research indicated that survival of fry 

fed AI~~~ nauplii plus milled Ar~~mi~ flakes was comparable to 

survival of fry fed the standard .Ar~~.mj~ nauplii plus APlOO 

larval diet. In another test, survival of fry was inversely 

related to the size of the dry diet used as a supple]J\ent to live 

Ai.t~Jl\.li\ nauplii. 

Survival of transported fry was increased (for at least the 

first day) by the the addition of 0.25% solar salt • 
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:COMMENDATIONS FOR 1986 

l. Continue to disinfect all incoming egg shipments. 

Monitor pH carefully to ensure survival. 

2. Mark all production fry at so ppm OTC from 5 to 9 days of 

age (5 days) to ensure detectable marking. 

3. Mark all fry destined for downriver sites at SO ppm OTC 

from 5-9 and 15-19 days of age. 

4. Initiate research on OTC tagging to assess the marking 

efficiency of marks in two and three above. 

5. Continue research to develop an OTC tag for fingerlings 

using OTC laced feed, and to assess marks produced by 6 

hour bath treatments. 

6. Initiate research to develop quick-release capability for 

stocking American shad fry via a gooseneck trailer. This 

will enable us to transport large numbers of fry to 

downriver sites. 

7. Time permitting, replicate portions of the 1985 feed 

test, specifically, test 12A + APlOO vs 12A + AF and 150 

micron vs 200 micron APlOO. 

8. Time permitting, initiate research to improve enumeration 

methods for eggs and mortalities. 
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Figure 3. Surviva1 of .American shad fry tagged with 25 ppn oxytetra.cyctine frcm 5-8 day of age VS 
15-18 days of age (2 re.plicates) vs an untagged control, Van Dyke, 1985. 

All tags were applied by daily 12 hour bath trea~ts for 
four days with 25 ppm oxytetracycline. 
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Figure 4. Survival of American shad fry tagged with 50 pµn oxytetracycline by 6 hour 
vs . 12 hour bath treatrrents, Van Dyke, 1985. All tags were applied by daily 
bath treatrrents for four days at 15-18 days of age. 
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Figl.lI'e s. Survival of American shad fry tagged with 25 vs . 50 ppm oxytetracycl ine , Van Dyke, 
1985. All tags were applied by daily 12 hour bath treatments for four days at 
5-8 days of age . 
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Figure 6. Survival. and mean length of American shad fry fed Artemia nauplii plus APlOO larval diet, 
(2 replicates) Artemia nauplii plus milled Artemia flakes , and Artemia nauplii only. 
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Figure 7 . Mean incidence of feeding(\) for American shad fry fed three different diets . 
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Artemia nauplii (12 nauplii/fish-day) plus 150 micron APlOO larval diet 
(64.S g/250,000 fish-day) Tanl< Cl. 

Artemia nauplii (12 nauplii/fish-day) plus 150 micron APlOO larval diet 
(64.S g/250 , 000 fish-day) Tanl< D3. 

II Artemia nauplii (12 nauplii/fish-day) plus 200 micron milled Artemis flakes 
(64.5 g/250,000 fish-day) TanJc D3. • 
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Figure 8. Survival and mean length of Arrerican shad fry fed Artemia nauplii (12 nauplii/fish-day) 
plus three sizes of APlOO larval diet (64.5 g/250 ,000 fish-day), Van Dyke, 1985. 
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Figure 9. Mean incidence of feeding (%) for American shad fry fed 
Artemia nauplii (12 nauplii /fish-da.y)plus three sizes 
of APlOO larval diet (64 . 5 g/250 ,000 fish-day), Van Dyke, 
1985 • 
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Table 1. Summary of American shad egg shipments received at Van Dyke, 1985. 

Shipment Date Date Vol. ( 1) Percent Viable 
- ~J.1.mt>g J fily~ j" ~bJ_p,p~.9 ~.c..e..i.Y..e.d .Re..c..eJ.Y..e1LJYI>l ~ y_upjjj_ty -~ - .S~-E~:X 

1 Pamunkey 4/ 5 4/ 6 13.7 416,500 69.1 287,800 284,800 

2 Pamunkey 4/ 6 4/7 13.3 347,400 58.S 203,300 201,500 

3 Pamunkey 4/ 8 4 / 9 18.1 492,900 57.8 285,000 279,300 

4 Pamunkey 4 / 12 4/13 19.0 464,900 57.3 266,500 259,700 

5 Pamunkey 4/ 13 4/14 22.9 666,200 72.4 482,100 476,000 

6 Pamunkey 4/ 15 4/ 16 32.4 954,300 62.0 594,600 582,800 
w 
I 
~ 7 Pamunkey 4/ 16 4/ 17 25.5 994,500 57.4 570,500 556,300 0 

8 Pamunkey 4/ 17 4/ 18 11.3 403,400 63.4 255,900 242,000 

9 Pamunkey 4/ 19 4 / 20 9.5 354,900 68.4 242,600 233,800 

1 0 Pamunkey 4/26 4/ 27 3.1 191,400 60.3 115,400 114,400 
James 4/26 4/ 27 14.0 579,600 30.9 179,100 166,300 

11 James 4 /27 4/ 28 7 . 0 356,200 66.6 237,300 234,600 

1 2 Delawar e 4 /3 0 5/ 1 18.6 605,600 60.1 364 , 000 321,300 

13 De l aware 5 / 1 5/2 23.8 722,300 43.0 310,900 280 , 000 

14 James 5 / 1 5/ 2 16.2 723,200 70.7 511,600 506,400 



Tab1e 1 (continued). Summary of American shad egg shipments received at Van Dyke, 1985. 

Shipment Date Date Vol. ( 1) Percent Viable 
_..NwJ\t>.!U' .R.i.Y..e_r .S.h.ip_p..e!i .Re~..e..i.Y..e!i ~~~jy_eg_J.YP1 .t9.9.B Yl1'bilit.Y _.Egga_ .s~-~J.Y 

15 Delaware 5/6 5/7 9.8 278,700 46.2 128,700 118,000 

16 James 5/7 5/8 4.4 173,200 25.9 44,800 44,240 

17 Delaware 5/7 5/8 21.6 671,300 54.0 362,600 335,400 

18 Delaware 5/8 5/9 8.5 258,400 62.7 161,900 153,800 

19 James 5/8 5/9 6.4 218,100 48.2 105,200 103,600 

20 Delaware 5/12 5/13 35.5 1,269,500 48.9 621,400 605,000 

w 21 Delaware 5/13 5/14 19.2 900,100 52.4 472,500 464,000 I 
~ ..... 

22 Delaware 5/14 5/15 18.4 781,700 50.9 398,000 390,700 

23 Delaware 5/15 5/16 13.3 675,700 43.9 296,300 286,500 

24 Columbi~ 6/5 6/6 25.3 769,700 47.7 366,900 349,800 

25 Columbia 6/7 6/8 29.7 808,800 39.6 319,900 296,700 

26 Columbia 6/10 6/11 54.5 1,579,200 11.6 183,500 181,600 
I 

27 Columbia 6/11 6/12 45.7 1,242,600 0 0 0 

28 Col urnbia 6/12 6/13 49.5 1,448,400 0 0 0 

29 Columbia 6/13 6/14 30.2 844,700 0 0 0 

30 Col urnbia 6/14 6/15 14.4 401,400 19.7 79,100 76,100 



Table l (continued). Summary of American shad egg shipments received at van Dyke, 1985. 

Shipment Date Date Vol. ( 1) Percent Viable 
_.Nwnt>~.r .Ri.Y~J -Shl.P.P..e.d ~_g_e_iy_e_g ~_p~jy~.d_JYP1 ~.9.9§ Y.ii\bjJj_ty _J:ggs_ ~~-Zxy 

31 Columbia 6/17 6/18 10.2 295,700 41.7 123,200 118,600 

32 Columbia 6/18 6/19 17.2 467,900 52.0 243,400 235,700 

33 Columbia 6/19 6/20 31.7 862,300 48.2 416,000 407,300 

34 Columbia 6/20 6/21 32.6 886,700 38.l 337,900 288,500 

35 Columbia 6/21 6/22 34.6 846,500 22.7 192,200 177,000 

36 Columbia 6/24 6/25 21.9 665,800 41.8 278,000 276,270 

w 37 Columbia 6/25 6/26 19.6 609,600 44.3 269,900 264,860 I 
+'> 
N 

38 Columbia 6/26 6/27 11.7 339,200 42.2 143,200 139,000 

-----------------------------------------------------------------------------------------------------
Parnunkey River 'IOTALS 168.8 5,286,400 62.5 3,303,700 

James River 48.0 2,050,300 52.6 1,078,000 

Delaware River 168.7 6,163,300 50.5 3,116,300 

Columbia River 428.8 12,068,500 24.5 2,953,200 

GRAND TOTAL 814.3 25,568,500 40.9 10,451,200 



TABLE 2. Annual S\.111Mt'Y of Van Dyke production f'rcm 1976-1985, 

J.976 1977 1978 1979 

Egg Vol. (l) 1.20.3 145.8 38.l.. 2 .164. 8 
Egg No. (x 6) 4.0 6.4 14.5 6.4 

Egg Viability(\) 52.0 46.7 44.0 111.4 
No. of Viable Eggs (x 6) 2.1 2.9 6.4 2.6 

Shad Stocked 

Fry 518~000 968,901 2,124~000 629~500 
finger lings 266 2000 34 2509 62379 34 2087 

TOTAL 784,250 1,003, 410 2,130,379 663,587 

Fish Stocked/Eggs Peoeived 19. 4 .15.9 11'.0 10.1' 

Fish Stocked/Viable Eggs 37.3 34. 2 33.0 25,1 

Total Shad Stocked fran.1976 to .l98S - 38,472,028 

"Eggs and fish that were not used for stockiiig pur'IX)Ses were not ±ncluded. 

w 
I 
~ 
w 

1980 1981 1982 .1983 l.9.84 1985 

347 .6 286.0 624,3 938.6 1.157 .3 814.a 
.12.6 ll.6 25.9 34.5 41.l 15.6 

65.6 114.9 35.7 55.6 45.2 40.9 
8.2 5.2 9.2 19.2 18.6 10. l 

3,626,27.5 2,029,650 5,018,800 4,047,610 ll,996,690 6,959,990 
51·050 23 1620 ·401700 981300 301500 114.538 

3,531,325 2,053,270 5,059,500 4,145,910 .12, 026 ,190 7 ,071',528 

28.3 17.7 19.6 .12 .o 27.9 

1'3.1 39.3 51'.8 21.6 12.0• 68.~ 



Table 3. Production and utilization of juvenile American shad at thl 
Van Dyke Research Station, 1985. 

Fry Released into the Juniata River 
Fry Released into the Lehigh River 
Fry Released into the ~chuylkill River 
Fry Released into Conowingo Reservoir 

Fry Released into Ponds at Van Dyke and 
Ancillary Facilities 

Fry Provided to Benner Spring Research Station 

Fry Provided to Wellsboro National Fishery 
Research and Development Center 

Total Fry Production 
Total Number of Viable Eggs 
Survival Cl) of all Fry 
Survival Cl) (Tanks with Massive 

Mortalities of Known Origin Excluded) 

Fingerlings Released into the Juniata River: 

From the van Dyke Facility 
From the Rearing Pond (Van Dyke> 
From the Settling Pond (Van Dyke) 
From the Canal Pond (Thompsontown) 
Fingerlings Provided to Radiation Management Corp. 

Fingerlings Released into the Susquehanna River: 

From Benner Spring Ponds (to Conowingo Reservoir) 
From Benner Spring Ponds (to below Conowingo Dam> 

TOTAL FINGERLING PRODUCTION 

3-44 

5,415,400 
600,000 
251,980 
812,190 

251,773 

583,521 

50,700 

7,965,564 
10,451,200 

76.21 

81.21 

16,891 
1,390 
2,907 

40,000 
665 

115,203 



Table 4. Summary of juvenile l\merican shad stockings and fish transfer activities, 1985. 
transferred to ponds, raceways, other facilities. **25 ppm C2 days)/50 ppm (2 days). *Flab 

OTC Stocking River of 
.D.M..e .l'imk .Nwnb..eJ _T..r..e..at.m.e.nt _LQ_c..a_tj.9p _ _p_i-JgJn_ Ag.e_JJD.YS1 ..Slu 

*5/1/85 A4, Bl *126,773 25 ppm Canal Pond Pamunkey 17 Fry 
*5/1/85 A4 * 10,000 25 ppm Rearing Pond Pamunkey 17 Fry 

5/5/85 B2, B3 209,910 25 ppm Juniata Pamunkey 18 Fry 
5/6/85 A3 112,310 25 ppm Juniata Pamunkey 22 Fry 
5/7/85 B4, Cl 214,985 25 ppm Juniata Pamunkey 18 Fry 
5/9/85 C2, C3 412,635 25 ppm Juniata Pamunkey 19 Fry 
5/ 12/85 04, El 296,595 25 ppm Juniata Pamunkey 19 Fry 
5/13/85 E2 204,095 25 ppm Juniata Pamunkey 19 Fry 
5/J 5/85 E3 207,390 25 ppm Juniata Pamunkey 19 Fry 
5/17/85 A2 96,100 25 ppm Juniata Pamunkey 34 Fry 
5/19/85 E4 133,150 25 ppm Juniata Pamunkey 16 Fry 

w 5/19/85 Al 110,080 25 ppm Juniata Pamunkey 15 Fry I 
~ 5/19/85 A4 224,740 25 ppm Juniata Pamunkey 15 Fry 
ui *5/23/85 A2 * 5,000 25 ppm Raceway, B. s. Pamunkey 40 Fry 

*5/28/85 Bl * 10,000 25 ppm Rearing Pond James 20 Fry 
5/28/85 Bl, B2 442,860 25 ppm Juniata James 20 Fry 
6/ 2/ 85 B4 14,660 25-50 ppm** Juniata James 19 Fry 
6/3/85 F2 150,000 25 ppm Lehigh Delaware 27 Fry 
6/3/85 F3 150,000 25 ppm Lehigh Delaware 26 Fry 
6/ 4/85 C3, 04 226,310 2 5-50 ppm** Juniata Delaware 20 Fry 
6/5/85 F4 180,000 25 ppm Lehigh Delaware 28 Fry 
6/5/85 B3 120,000 25-50 ppm** Lehigh Delaware 23 Fry 

*6/ 5/85 Dl, D3 *154,521 37,980 B. S. Pond Pamunkey 44 Fry 
--25 pe_m 
116-,541 
Control 

*6/6/85 C4, 02 *424,000 25 ppm B.S. Pond Pamunkey 44 Fry 
6/6/85 Cl, C2 251,980 25-50 ppm** Schuylkill Delaware 23 Fry 
6/7/85 El, E2, E3 456,300 50 ppm Juniata Delaware 19 Fry 
6/9/85 A2, A3 394,440 50 ppm Juniata Delawre 20 Fry 
6/9/85 Al, A4 295,860 50 ppm Juniata Delaware 19 Fry 



Table 4 (continued). 

OTC Stocking River of 
l>At~ .T.Ml.k .Ni.\mb~..r ..T..r§ll.t.me.n.t .L9~.a._tj.9D _ .OJ.is.in..._ .&u.,_J.dAyal .Siu 

6/10/85 E4, Fl 269,880 50 ppm Juniata Delaware 19 Fry 
7/ 1/85 Al, A2 284,360 50 ppm Juniata Columbia 19 Fry 
7/3/85 A3, A4 248,550 128,950 Juniata Columbia 19 Fry 

6 hrs,50 ppm 
155,410 

12 brs,50 ppm 
7 I SIAS Rearing 415 25 ppm Juniata Rearing 81 Fingerling 

Pond Pond 
7/ 10/85 Bl, B2 141,520 50 ppm Juniata Columbia 22 Fry 
7/11/85 B3 67,650 50 ppm Juniata Columbia 19 Fry 
7/11/85 Canal Pond 20,000 25 ppm Juniata Pamunkey 86 Fingerling 

< canal Pond> 
7/14/85 B4, Cl, C2 298,580 25 ppm Juniata Columbia 19 F'ry 

w 7/15/85 F3, F4 890 50 ppm Juniata Columbia 24 Fry I 
~ 7/16/85 CJ, C4 214,710 50 ppm Co now ingo R. Columbia 19 Fry 0) 

*7/17/85 Dl * 50,700 50 ppm Wellsboro Columbia 20 Fry 
7/17/85 Dl 42,230 50 ppm Juniata Columbia 20 Fry 
7/18/85 D2, El 221,050 50 ppm Conowingo R. Columbia 21 Fry 

*7/19/85 D3 * 15,000 50 ppm Rearing Pond Columbia 21 Fry 
*7/19/85 D3 * 90,000 50 ppm Canal Pond Columbia 21 Fry 

7/ 19/85 D4 9,320 50 ppm Juniata Columbia 21 Fry 
7/22/85 E2, E3, E4 137,830 50 ppm Conowingo R. Columbia 19 Fry 
7/23/85 Fl, F2 238,600 50 ppm Conowingo R. Columbia 20 Fry 
8/26/85 Settling 642 Feed Juniata Unknown ? Fingerling 

Pond Head 
8/27/85 A3, A4 4,096 50 ppm Juniata Columbia 74 Fingerling 
8/27/ 85 Al 1,645 so ppm Juniata Columbia 76 Fingerling 
8/28/85 Settling 935 Feed Juniata Unknown ? Fingerling 

Pond 
8/ 29/ 85 A2 2,755 50 ppm Juniata Columbia 78 Fingerling 
8/30/85 C4 980 50 ppm Juniata Columbia 64 Fingerling 



Table 4 (continued). 

OTC Stocking River of 
.l)_ll.j! ..T.W .ID.unb..e.r j'J:j!fil.~fil .I&.clttl.9.P _ ..O..rj.9j.[L_ .Ag.e_J.d.AY .sl .S.ill 

8/30/ 85 C2 1,275 50 ppm Juniata Columbia 66 Fingerling 
9/3/85 Cl 890 50 ppm Juniata Columbia 70 Fingerling 
9/3/85 Dl 930 50 ppm Juniata Columbia 68 Fingerling 
9/3/ 85 Settling 1,330 Feed Juniata Columbia ? Fingerling 

Pond 
9/ 4/85 B3 790 50 ppm Juniata Columbia 74 Fingerling 
9/4/85 B4 930 50 ppm Juniata Columbia 71 Fingerling 
9/ 5/85 Bl, B2 2,600 50 ppm Juniata Columbia 79 Fingerling 
9/9/85 Settling 665 Feed RMC Columbia ? Fingerling 

Pond 
9/11/85 Canal Pond 20,000 50 ppm Juniata Columbia 75 Fingerling 
9.13.85 Rearing 975 50 ppm Juniata Columbia 77 Fingerling 

Pond 

w 
I 
~ 

"" 



Table 5. Mean daily mortality CMa> and cumulative survival CS) for four groups of American shad fry, 
van Dyke, 1985. Tanks with massive mortalities of known cause are excluded. 

<outdoor Tanks) <Indoor Tanks) 
l.9 _ _g__ay_.S_.> _as.1 10J_5_l9_~y_.S_5_ B5l l.9_.d{ly_ .S_~_l.0) l.9_~_ .s_~_lD.I 

J).fi.Y .tt~ .ll .s 11.d .N .s 1\_d .N .s 1\_d .B .s 
1 2.7 5 97.3 3 . 7 10 96.3 11.0 1 89.0 0.6 1 99.4 
2 1.2 19 96.1 2.4 24 94.0 7.3 3 82.5 2.0 2 97.4 
3 0.5 21 95.7 1.6 29 92.5 4.9 3 78.5 1.4 2 96.1 
4 0.2 21 95.5 0.3 29 92 .2 1.3 3 77.4 0.2 2 95.9 
5 0.1 21 95.4 0.1 29 92.1 0.3 3 77.2 0.1 2 95.8 
6 0.1 21 95.3 0.2 29 91.9 0.3 3 77.0 o.o 2 95.8 
7 0.2 21 95.1 0.2 29 91.7 0.2 3 76.8 0.2 2 95.6 
8 0.2 21 94.9 0.4 29 91.3 0.2 3 76.7 0.2 2 95.4 
9 0.1 21 94.8 0.8 29 90.6 0.3 3 76.4 1.0 2 94.5 

10 0.4 21 94.4 1.2 29 89.6 0.8 3 75.8 2.5 2 92.1 
<f 11 0.8 21 93.7 . 1.8 29 87.9 1.7 3 74 .5 9.4 2 83.5 
~ 12 1.0 21 92. 7 3.3 29 85.0 4.6 3 71.1 7.7 2 77.0 

13 1.1 21 91.7 2.5 29 82.9 2.0 3 69.7 6.4 2 72.l 
14 0.9 21 90 .9 2.0 29 81.3 2.8 3 67.7 8.1 2 66.3 
15 0.5 21 90 .4 1.2 29 80.3 1.6 3 66.7 10.8 2 59.1 
16 0.6 20 89.9 1.3 29 79.2 1.1 3 65.9 7.0 2 55.0 
17 0.6 19 ~9.3 1.1 28 78.4 2.7 3 64.l 5.3 2 52.1 
18 1.1 19 88~4 1.6 27 77.1 4.7 3 61.1 7.1 1 48.4 
19 1.7 19 86.9 2.9 23 74.9 4.8 3 58.2 10.1 l 43.5 
20 1.5 10 85.6 2.2 7 73.2 4.9 3 55.3 5.5 l 41.1 
21 2.0 6 83.8 3.2 6 70.9 6 . 2 3 51.9 7.4 1 38 . 0 
22 2.4 6 81.8 1.5 5 69.8 3.0 3 48.8 
23 2.1 4 80.1 1.5 4 68.8 1.5 3 48.1 
24 1.1 4 79.2 2.0 1 67.4 1.9 3 47.1 
25 1.6 4 7 8 .o 1.9 1 66.1 4.8 3 44.9 
26 1.6 4 76.7 3.6 1 63.7 4.3 2 43.0 
27 3.2 4 7 4 .3 5.8 1 60.0 5.2 1 40.7 
28 3.7 4 71.5 3.5 1 57.9 2.6 1 39.7 
29 3.4 4 69.1 2.7 1 56.4 



Table 5 (continued). Mean daily mortality <Ma> and cumulative survival CS) for four groups of 
American shad fry, van Dyke, 1985. Tanks with massive mortalities of known cause are excluded. 

(Outdoor Tanks) (Indoor Tanks) 
l.9-~y_S_}_BS.I 10J_~_1s_~_s_~_as1 l.9_~_.s_~_JOI 1.9_~_ .s_~_10.1 

IJ~ .M_o .D .B .8.d .N .s 11.d .N ..s 11.a .N ..s 
30 2.5 4 67.4 1.3 l 55.6 
31 2.9 4 65.4 1.0 1 55.1 
32 2.2 4 64.0 1.4 1 54.3 
33 1.8 4 62.8 2.0 1 53 .2 
34 4 . 0 4 60.3 5.8 1 50.1 
35 3.8 3 58.0 4.0 1 48.1 
36 4.0 3 55.7 3.5 1 46.5 
37 6.2 3 52.2 11.8 1 41.0 
38 5.9 3 49.2 12.0 1 36.1 
39 3.2 3 47.6 5.4 1 34.1 

w 40 4.8 3 45.3 7.6 1 31.5 
l,. 41 5.6 3 42.8 4.8 1 30.0 
~ 42 5.0 3 40.6 4.7 1 28.6 

43 4.3 3 38.9 4.9 1 27.2 
44 3.8 2 37.4 6.2 1 25.5 
45 15.2 1 31.7 4.7 1 24.3 



Table 6. Summary of oxytetracycline marking of juvenile American shad at Van Dyke Research station 
and Benner Spring Research Station, 1985. *Double mark, bath treatments. **Double mark, bath/feed 
treatment s. 

..T.I..e..M~ru: 

25 ppm bath 

50 ppm bath 

25 ppm bath 
(2 days)/ 
50 ppm bath 

Fry 
Fingerling 

Fry 
Fingerling 

Fry 

.JMJ..a!:ii , 
2 ,664 ,850~ 

20 ,41 V 

2,380,630 
37,866 

240,970 

.RlYJ:.R.. .S.1.0..CU.1> 

Conowingo 
~.B~JY.9JJ 

812,190* 

Le.high_ .R.. 

480,000 

120,000 

.S.cllcy.J.lJ.J.l_ ~ 
Below 

..C.9110YJ,ng_t>_.R.e.B..e.I.Y.O..i.r 

,~ I _.., l 
\ \ 6 ..,... 

'i ~ 
., \l , -~ '"'· \ ' t ," 

I ' 251,980 '"" 
/ ~ \ \ ~· 

"\ \) ol" 
,-,\, 

w (2 days) 
'1 \1\.0 

$1"· 
G. \ I 

0, 
0 50 ppm bath 

(6 nrs) 

Feed 
Treatment 
Only 

25 ppm bath 

TOTAL 

Fry 

Fingerling 

Fingerling 

Fry 
Fingerling 

128,950 

2,907 (VD) 

5,415,400 
61,188 

12,850 (BS) 

17,300 (BS)** 

812,190 
30,150 

600,000 251,980 

l) 

\ l. ,1 b 
. I 

c;~ '. ' . 

.., 

\ '? ~ 
IJ 

-"\ 

' "-\ 

23,200 CBS)** 

23,200 



TABLE 7. Surrmary of o xytetr>acycline tagging research with American shad fry~ Van Dyke~ 1985. 

,-.. 

'fil -
§ § §~ § - Tag ,:, 1 ,,-j ·rl ·rl ·rl dP 

Efficienf I ·h i 1i1 1i1 ~ 1i1 '-' ..., 

1 l ! ~- l:l , 
~" ~~ ~1 ~ ,-.. ,:, ~ ~ ~ ~,-.. 

l 
. ti) I'll· ti) !·~ i ~ t 

~ ! i~~ ~! Q) ~ bO rut iii ~~ ti ~ ,8..., ~8- µ.i - r;i Cl) 

--
1 A2 1 bath - - 25 12 -- -- 5- 8/ - 89. 8 5.6 - 90 79 

A3 1 control-- -- - -- - -- - 78.8 
(none) 

' 2 C4/Pl 6 bath - - 25 12 -- --- ~ - 72 .6 5 . 7 0 88 1 58 
D1/P3 6 bath/feed 25 12 3 14 15-18/115-128 85 . 2 7 . 0 0 71 158 

w D2/P2 6 bath -- 25 12 - - -- 15- 18 - 89.9 5. 3 0 75 158 
I D3/P4 7 control - 92.0 0 0 109 127/148 <.n - - - - - --
I-' (none) 

3 Al 24 bath - 50 6 -- - 15- 18 - 71.8 96 . 9 - 65 62 
A2 24 bath - 50 12 -- - - 15- 18 - 82 .9 100.0 - 59 62 . 

4 Bl 26 bath -- 25 12 - -- 5- 8 - 85 . 5 79 . 7 - 59 57 
B2 26 bath - 50 12 - - - 5- 8 - 87 .9 98. 4 - 61 57 

5 C4 33 bath/bath 50/50 12/12 -- - 5- 8/15- 18 75.2 98. 0 99 . 0 102 49/64 

6 DJ 34 bath - so 12 - - - 15- 18 - 62 . 7 100 , 0 -- 67 145 



Table !3. Summary of 19 day mean growth and survival of American sha 
fry fed three different diets: Ar.t~ru.a nauplii (12 nauplii/fish-dayJ 
plus 150 micron APlOO larval diet (64.S g/250 ,000 fish day) (2 tanksl 
.Ar.t~.mi~ nauplii (12 nauplii/fish-day) plus 200 micron milled Ar.t~.mJ.J 
flakes (64.S g/250,000 fish-day), Ar.t~.mj.9 nauplii only (18 nauplii/ 
fish-day) . 

----- . ______________ .I>.lM _____________ __ __________ _ 

Ar.t~.m.i.ii 
Ar.!:~lJ\ig. Ar.t~.mj.g. plus 

plus plus milled Ar J:~JJ\lil 
AP 100 AP 100 Ar.!:~.miit nauplii 
l'iiD~_..Cl .1 .. filUL .I> .3 .f .l~~.§_ J~21 _ .0D.l.Y _ ..il>.41 

Shipment 32 35 32 35 

Initial Tank 
Density 126,700 83,100 116,700 85,800 

Mean Length (mm) 

Cn = 2 5 > 12.S 11.6 11.9 11.6 

Survival (%) 86.1 48.1 84 .o 11.8 

Table 9. Sommary of 15 day mean growth and survival of American shad 
fry fed Al.!:~11\li nauplii Cl2 nauplii/fish-day} plus three sizes of AP10~ 
larval diet (64.5 g/250,000 fish-day), Van Dyke, 1985. 

l.5.Q_~ 20.Q_J,t 2.5.Q--11 

Shipment 36 36 37 

Initial Tank Density 144,500 133,500 151,300 

Mean length (mm) Cn=25) 11.5 12.3 11.5 

Survival ( I) 90.3 79.2 72.6 
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Table 10. Mortalities of American shad fry transported in a 0.251 solution of solar salt vs an 
uns~lted control, Van Dyke, 1985. 

-~--------------EJ ________________________ -----------------------E-4------------------------With Salt Without Salt 

Daily I Daily Cumulative Daily I Daily Cumulative 
I)~ l>~.nsily .M9.I.t£U.ilY .M.o.I.t£Ui..ty &>.rlllliu.s .D~.nsjj:y &>J..t".i..ty &>.r..t"-1t.,y ~J..t.aJ..i.t..i.e.B 

0 
4,445 5,160 

l 1,359 30.6 30.6 3,127 60.6 60.6 
3,086 2,033 

2 2,018 65.4 76.0 978 48.l 79.6 
1,068 1,055 

3 306 28.7 82.9 481 45.6 88.9 
762 574 

4 83 10.9 84.7 108 18.8 91.0 
679 466 

5 144 21.2 88.0 109 23.3 93.1 

------------------------------------------------------------------------------------------------------
'IOTAL 
STOCKED 535 

TOTAL 3,910 00.0, 

357 

4,803 93.11 



TABLE 11. Transport of American shad fingerlings (Pond #2) to Lapidurn 
Access Area, Maryland. 

10-22-85 R. Witherite Gooseneck Trailer 361 miles 
T. Bender Travel Time for Fish - s.s hours compartment 

t2, 14 hours compartment 11 
Lv. BS 11:45 a.m. - Arrive Lapidum 5:20 p.m. 
Lv. Lapidum 6:00 p.m. - Arrive BS 12:15 a.m. 

Avg. Length of Fish 
Avg. Weight of Fish 

t Fish 

Time 
DO (ppm) 
Temp. oC 

Time 
DO (ppm) 
Temp. C 

Time 
DO (ppm) 
Temp. oc 

Time 
DO (ppm) 
Temp. oc 

Time 
00 (ppm> 

Temp. oc 

River - 15. soc 

Time 
00 (ppm) 
Temp. oc 

Time 
00 (ppm) 
Temp. oc 

Time 
00 (ppm) 
Temp. oc 

3. 7· inches 
6.3 grams Total Wt. Hauled - 149 lbs. 

5,000* 3 ,o so 
------~.IJ\PtA_l ____ _ ----~~~ptA_2 _____ _ 

DO 7.5 

11:45 a.m. 
9.2 

12.5 
I 

12: 55 p. m. 
6.4 (turned o2up> 

13.0 <fish don't 
look good , lots 
of scales) 

2:15 p.m. 
s.o (turned o2up> 

13.0 

3:30 p.m. 
4.8 (turned o2 up> 

13.0 (tried Fresh 
Flow - too 
powerful) 

5: 25 p. m. 
6.4 <changed to 

new Bio Weave 
diffuser> 

13.0 

11:45 a.m. 
11.0 (turned o2 do~ 
12.5 

12: 55 p. m. 
6.2 
12.S 

2: 15 p. m. 
6. C (turned o2 up) 
13.0 

3: 30 p. m. 
13.0 
13.0 

5: 25 p. m. 
13.8 

13.0 

Fish Stocked - Look Good 

6:00 
9.4 

13.0 

9:03 
14.0 
13.0 

12:15 
14.0 
13.0 

p. rn. 

P• m. 

a. m. 

Bio Weave Oxygen 
Diffusers must lie 
flat on the bottom 
to produce fine 
oxygen bubbles. 

*Compartment tl returned to raceway llft~~-l~_.h9J.U~_jn._t9Dt, immediate CU~ 
hr) mortality 527. Six hour delayed mortality 1,274. An additional 1,0~~ 
at 30 hours. Total mortality after 54 hours in raceway 3,355 (67%). 
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TABLE 12. Transpc:wt of American shad fingerlings (Pond #1) to I..a.pidum Access 
Area, Maryland . 

:0-24-35 ~. :vi 1:..1.e!"i te 
) . 'I':uesda.le 

8ooseneck Trailer 261 miles 
':ravel Time for Fish o hours 
. 

:.v. 3S 9:30 am - .~ive La.piqum 3:30 - Lv. I.apidum 4:00 pm Arrive as 10:00 pm 

Avg. I.ength of Fish 3. 7 inches 
Avg. 'Neight of ?ish 6. 3 grams Total Wt. Hauled - 176 lbs. 

4Fish 3,600 2,300 2,000 1,750 3,000 
Carnot. 1 Carnot. 2 Carnot. 3 Canot. 4 Comot.S 

7ime 9: 23 am 9:23 am 9:23 am 9:23 am 9:23 am 
00 (ppm) 14.7 11.4 16.8 16.0 13.S 
Temp.CC 13.2° 13.2° 13 . 2° 13.2° 13.2° 

Time 11:00 c1m. 10 :00 am 11:00 am 11:00 am 11:00 am 
co (porn) 9.3 13. 6 15.8 13.l 12.0 
Temp.0c 13.2 13.0 13.0 13.0 13.0 

Cllange o2 Bottle at 11:50 am 
Time 1:00 pm 1:00 pm 1:00 pm 1:00 pm 1:00 pm 
OO(ppm) 4.5 Adjusted 12.6 14.7 11.0 11.7 
T~.>:.>c 13.5 o2 Valve 13.5 13.5 13.5 13.5 

Time 2:00 pm 2:00 pn 2:00 pn 2:00 pm 2:00 pm 
00 (p~) 3.4 10.3 12.7 9.S 9.0 
Temp. C 13.5 13.5 13.S 13.S 13.5 

TirN:! 3:15 ~ 3:15 pn 3:15 pn 3 :15 pm 3:15 µn 
00 (p~ 11.0 8.6 10.3 8.0 6.6 
Temp. C 13.5 13.5 13.S 13.5 13.5 

River - 17.50C !).0. 8.7 ppn All Fish Stocked in Excellent Condition 

~te: 0.25% Salt and Antifoam (5 ml/100 gal) used in all compartments 
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Appendix 1. Larval survival to 19 days of age for American shad fry 
fed three different diets : .AI..t.e.m.i~ nauplii C12 nauplii/ fish-day} pl 
150 micron APlOO larval diet (64.5 g/250 ,000 fish day > ( 2 tanks } , 
Ar..t~ nauplii Cl2 nauplii/ fish day) plus 200 micron milled .ai-..t.e~jJ 
flakes (64.5 g/250,000 fish-day}, .AI..t.e~ nauplii only (18 nauplii/ 
fish-day). 

_____ __________________ p.l.£2,' _______________________ 

Ar..t.eJ.l\ll 
.ai-..t.e.m.i~ A.t.t.e.lltiJ plus 

plus plus milled Ar..t..e..lnll 
Age AP 100 AP 100 Al"..t.e.J.ll.U naupl ii 
.il)~..el ..T.MUL~l ..T.Ml.LPJ .f.l.M..e.G_J~2l_ .Q.nly_iI>41 

1 98.0 95.6 
2 97.7 98.2 94.3 96.6 
3 97.0 97.0 93.4 96 . 4 
4 96.9 96.9 93.3 96.2 
5 96.8 96.8 93.3 96.1 
6 96.8 96.7 93.3 96.0 
7 96.8 96.6 93 .3 95.6 
8 96.8 96.5 93.2 94.8 
9 96.6 95.9 93.1 94.0 

10 96.4 95.2 92 . 5 91.6 
11 95.8 84.9 91.8 83.8 
12 94.8 80.3 91.3 63.8 
13 93.2 74.3 90 .6 55.2 
14 92 .o 72.2 90 . o 34.7 
15 91.8 67.4 89.9 24.3 
16 90 .8 64.1 88.1 20.8 
17 89.8 57.6 86.3 16 . 3 
18 88.1 53 . 5 85 . 0 12.6 
19 86 . 1 48.1 84.0 11 . 8 
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Appendix 2. Mean incidence of feeding (I) for American shad fry fed 
three different diets: Al..t..e~ nauplii (12 nauplii/fish-day) plus 150 
micron APlOO larval diet (64.5 g / 250,000 fish-day) (2 tanks), Ar..t~.mi~ 
nauplii (12 nauplii/fish day) plus 200 micron milled Ar..t~~ flakes 
(64 .5 g/250,000 fish-day>, Ai~ nauplii only (18 nauplii/fish-day>. 

Ag§_~.al 

5 

7 

9 

11 

13 

15 

17 

19 

Mean 

______ • _______________ _l)~~ ----- -------------------------

AI..t..ema 
plus 

AP 100 
l'~J::l 

Dry 
.l>.a.t Ar.t..e.ma 

68 

52 

20 

100 

52 

40 

48 

54.4 

20 

16 

4 

44 

32 

44 

36 

28 

Ar..t..e.mi~ 
plus 

AP 100 
j'~_l)J 

Dry 
.l>.i.e..t .Ar.t..elJlll 

24 

52 

60 

56 

72 

44 

44 

50.3 
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4 

36 

8 

44 

44 

32 

28 

28 

Ar..t..e.mJ..a 
plus 

milled 
AI..t~.mi~ 

.F.l.M..eR_iC2l_ 
Dry 
.l>.ie..t Ar..t..e.mu 

16 

36 

68 

40 

28 

64 

28 

44 

40.5 

4 

4 

0 

0 

0 

0 

0 

0 

l 

Ar..t..e.mli 
naupl ii 
.0.nly_..{.l>.41 

Dry 
l).llt }u_t_e.JJl.ig 

None 

Fed 

16 

4 

12 

12 

76 

40 

48 

30 



Appendix 3. Larval survival to 15 days of age for American shad fcy 
Aii.emi.o nauplii (12 nauplii/fish-day) plus three sizes of APlOO lan 
diet (64.5 g/250,000 fish-day), Van Dyke, 1985. 

-----------------------»Jcr_D~-~lJ~---------------
.Ag.e... lay.al lS.O:...J.i 2iHL..!.l 2SiL.J.I 

2 99.5 99.3 97.0 

3 99.1 99.l 95.6 

4 98.9 98.9 95.1 

5 98.8 98.8 95.0 

6 98.7 98.7 95.0 

7 98.3 98.2 94.6 

8 97.7 97.3 94.0 

9 96.2 94.0 88.9 

10 94.6 88.l 84.0 

ll 93.1 86.5 80.2 

12 91.9 82.5 76 .2 

13 91.2 80.0 73.5 

14 90.7 79.5 72.9 

15 90.3 79.2 72.6 
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Appendix 4. Mean incidence of feeding Cl) f or American shad fry fed 
Al..t~ nauplii (12 nauplii/fish-day) plus three sizes of APlOO larval 
diet (64.S g / 250,000 fish-day), van Dyke, 1985. 

__________________________ l)_RY_.DJn_.S.I.Z~--------------------·-
. 

______ lSO_u___ ____ _______ 200_J.L ______ _ ____ 2S!LJ.L _____ 

Age Dry Ar..t.e.JAa Dry Ar..t.e.mu Dry Ar..t.e.w 
J~.&.l .I>.a..t .NMW.lil I>.ie..t .NMI.P.lli .D.i.e..t .NMJ.p.ljj 

5 32 24 0 12 0 4 

7 0 16 0 8 4 12 

9 24 52 4 32 24 20 

11 16 32 8 16 12 28 

13 52 52 0 16 4 24 

15 48 20 4 16 4 84 

Mean 28. 7 32.7 2.7 16. 7 8 28. 7 
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JOB IV. JUVENILE AMERICAN SHAD OUTMIGRATION ASSESSMENT 

INTRODUCTION 

Richard A. St. Pierre 
U.S. Fish and Wildlife Service 

Harrisburg, PA 

This Job is particularly important to SRAFRC for several reasons. Late 

sunmer netting collections in the North Branch Susquehanna provide an 

indication of spawning success of American shad adults transferred to the 

basin from the Hudson River. Seining on the lower Juniata River 

may form the basis for future comparison of relative abundance of hatchery 

produced juveniles, and based on detection of the oxytetracycline mark on 

otoliths, provides a correction factor for calculatin9 percentage of 

tagged fish which retain the mark to the point of emigration. 

Weekly cast net samples from forebays at the York Haven, Safe Harbor, and 

Holtwood projects during September through December indicate the timing 

and duration of outmi9ration, allow for comparison of sizes of young shad 

as the season progresses, and from OTC analysis of otoliths, prov ides 

samples for computing the relative contribution of hatchery versus natural 

production of juveniles in the program. Cooling water intake strainers and 

screens at Safe Harbor, Conowin90, and Peach Bottom Atomic Power Station 

serve as passive collectors of outmigrant shad as these fish are entrained. 

These results may be useful for detennining relative abundance. 

Seining and trawling efforts below Conowingo Dam may be used to indicate 

whether or not shad are successfully escapin~ the river on their seaward 

journey. Collection success at the river mouth is density dependent, and 
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due to the large expanse of the lower river and upper Chesapeake Bay being 

sampled, it is likely th~t significant numbers of shad will not be taken 

here until or unless a siubstantial outrnigrant population is developed 

upstream and successfull.Y passed at the hydroprojects. 

Numerous individuals have contributed to juvenile col lection and record­

keepin~ in 1985. The author extends appreciation to Leroy Young and 

Larry Jackson (PFC), Joe Nack and Tom Koch (NES), Paul Heisey and Chris 

Frese (RMC), Ted Jacobse1n (Ecology III), Tom Teitt ·(GPU-Nuclear), Dale 

Weinrich (MD ONR), and plant personnel at York Haven, Safe Harbor, Holt­

wood, and Conowingo for ,assistance provided. Penn State student intern 

Andrew Shiels did most of the processing and OTC analysis of otoliths 

under the direction of PFC researchers at Benner Spring. 

EVALUATION OF SPAWNING SUCCESS FROM HUDSON RIVER TRANSFERS 

Following considerable reconnaissance sampling in 1982-1984, four potential 

index seining sites were identified for future year comparison of relative 

abundance in the North Branch. These are located at Caxton Yards near 

Harding, Wilkes-Barre, Danville, and Sunbury. The 1985 sampling plan re~ 

quired that each site be sampled on four occasions biweekly from mid-August 

through September. Standardized effort involved at least 3 hauls of the 

300-ft x 7-ft x 3/8-in seine at 30 minute intervals on each sample date. 

Wilkes-Barre and Sunbury were sampled during early morning hours and Coxton 

Yards and Danville were seined in the early evening. 
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North Branch Sampling Results 

PFC and NES biologists cooperated in the North Branch survey. A total of 

63 hauls were made on 10 dates between August 14 and September 25 (Table 

4.1). A site at Falls, PA was sampled once and the Coxton Yards site was 

only sampled twice as a result of closure of the access ramp due to 

vandalism. No American shad juveniles were collected, though one adult 

was taken at Danville on August 29. Two blueback herring juveniles 

(57mm and 62rrm FL) were collected at Wilkes-Barre on August 15, indicating 

that adults from the Hudson River reproduced in the North Branch. Twenty­

four other species were taken in these collections (Table 4.2). River 

flows were slightly below normal all summer. 

Staff from the Susquehanna SES Biological Laboratory (Ecology III) 

sampled the intake screens at PP&L's Susquehanna SES at Beach Haven each 

day between September 6 and October 11. No juvenile shad or herring were 

taken there. These investigators did however collect one small adult 

shad on May 7 while electrofishing in the river downstream from Beach Haven. 

JUNIATA RIVER JUVENILE SHAD SURVEY 

As noted in Job III several million shad fry and thousands of fingerlings 

were stocked into the Juniata River at Thompsontown from the Van Dyke 

hatchery. In past y~ars it was determined that a single site at Amity 

Hall near the river mouth was an effective location for netting young shad. 

However, by restricting Juniata River collections to one location, it is 

doubtful that an accurate relative abundance relationship can be developed 

for year-to-year comparison. 
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As in the North Branch, PFC and NES worked together at Amity Hall. Gear 

used was a beach seine measuring 150-ft x 6-ft with ~-in mesh bag. 

Three hauls were made at 30-minute intervals between 6:30 and 9:10 am 

on each collection date. Amity Hall was sampled biweekly between August 

21 and October 3, and weekly thereafter throughout October. 

Results - Juniata River 

A total of 24 seine hauls were made on eight dates. Juvenile shad were 

collected during each of the initial seven surveys when water temperatures 

ranged from 59-78.F. No shad were taken on October 31 and temperature 

had dropped to so•F. Catch per unit effort ranged from 4 to 22 shad per 

haul (Table 4.3). A total of 212 juvenile American shad were collected 

and these fish measured from 55 to 119 nm (FL), with an average length of 

93 rrm. Ten fish(5%) displayed abnormalities such as deformed jaws and short 

gill covers. Shad were frozen and returned to Benner Spring for otolith 

analysis (OTC presence). Other fish in collections at Amity Hall included 

carp, spotfin, comely, and spottail shiners, smallmouth bass, redbreast 

and pumpkinseed sunfish, gizzard shad and walleye. 

During a smallmouth bass survey of the Juniata River, the PFC Area Fish­

eries Manager collected several young shad while electrofishing. Two 

shad were shocked at Amity Hall on August 6, 1 was taken upstream from 

Thompsontown on August 13, and 17 fish were collected from Millerstown 

to a reach several miles below Newport on two sample dates in mid-August 

and mid-September. Fish shocked in August averaqed 94 mm and in September 

112 mm total length. 
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SHAD COLLECTIONS IN THE LOWER SUSQUEHANNA RIVER 

Based on radiotelemetry results from Hudson River transplanted adult 

shad and the occurrence of ripe fish, it appeared that some reproduc­

tion happened in the vicinity of York Haven Dam and in Lake Clarke. 

Also, progeny from the 950 adult shad stocked near Harrisburg from the 

Conowingo trap, and normal exodus of outmigrant hatchery fish from the 

Juniata River would be expected to contribute to a sizable mixed stock 

of young shad in the lower Susquehanna during autumn months. Several 

agencies, consultants and power companies contributed effort to the 

downstream juvenile monitoring program in 1985. 

Cast nets have been effective in collection of young shad at hydroproject 

forebays in past years. Because of the vagaries of sampling with such 

·gear, these collections cannot be used as an indication of relative abun­

dance. However, in 1985, 20-ft diameter cast nets were used to document 

occurrence of shad and timing of migration at York Haven, Safe Harbor, 

and Holtwood. Such collections were also necessary to provide fish for 

the OTC analysis for detennining natural versus hatchery origin. 

The cast net sampling was conducted by NES and PFC biologists during 

September through early December. A reconnaissance survey on August 20 

indicated that shad had not yet reached York Haven. From September 5 

through November 20, York Haven forebay was sampled weekly, usually near 

dawn. Safe Harbor forebay sampling started in late September following 

successful shad collection at York Haven. Netting continued weekly 
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during late morning and afternoon through November 21. Similarly,Holt­

wood collections started one week after first occurrence of shad at Safe 

Harbor and continued weekly into December . 

RMC biologists used boat-mounted electrofishing gear in the York Haven 

forebay on 3 dates in October and near Conowingo Dam on one occasion in 

December. They also used a lift net measuring 8-ft x 8-ft with 3/4-in 

mesh at Safe Harbor (October 29), Conowingo (November 13) and Holtwood 

(14 dates between October 16 and December 13) . The purpose of these 

collections was to take large (5-7") fingerlings for a radiotelemetry 

feasibility study initiated by PECO. 

In response to sightings of "dimpling" shad, NES and PFC personnel also 

attempted seining near Wrightsville, midway between York Haven and Safe 

Harbor, on two dates in September. The 3QO ... ft net used in the North Branch 

was employed here. 

As in past years, cooling water intake strainers at Safe Harbor were 

examined by SHWPC personnel for entrained shad on a daily oasis between 

September 1 and December 5. · Conowingo strainers were examined by RMC 

biologists once per week from October 9 through December 11, and Peach 

Bottom APS intake screens were sampled three times each week between 

October 16 and November 27. 

Results at York Haven and Wrightsvi lle 

Following three unsuccessful attempts, juvenile shad were first collected 

at York Haven on September 19. Routine weekly collections from that date 
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through October 17 produced 107 juveniles in 54 casts along the turbine 

intake gallery and near the trash sluice (Table 4.4). These fish ranged 

in size from 107-165 tm1 and averaged 125 mm fork length. An additional 

12 shad were taken during a special attempt on October 15 as a verification 

of species composition during hydroacoustic studies. The last successful 

collection took 5 shad on November 14 when water temperature was 51.F. 

RMC was very successful electroshocking juvenile shad at York Haven. 

On three dates between October 15-22, 397 juvenile and 1 adult American 

shad were taken during~ hours of fishing time in the forebay. 

Using the 300-ft haul seine, PFC, NES and RMC biologists collected 29 

young American shad at ~Jrightsville on September 10 and 19. These fish 

averaged 110 mm (range 82-125 mm) and were characterized by unusually 

high incidence of defonnities (25%). Gizzard shad dominated other fish 

in the Wrightsville collections. 

Safe Harbor Results 

In 8 consecutive weekly attempts with cast nets at Safe Harbor between 

September 26 and November 21, juvenile shad were taken on only 2 dates, 

October 10th and 24th (Table 4.5). The 31 American shad were collected at 

the forebay trash gate and along the skirraner wall near the powerhouse. 

They ranged in size from 81 to 138 tm1 and averaged 125 mm fork length. 

Two bluebacks taken on October 10 measured 98 and 103 !Till. Using the 8-ft 

by 8-ft lift net, RMC collected 59 juvenile shad in 128 lifts at Safe 

Harbor on October 29. Other fish in the lift net included 2 bluegills 

and 4 white crappie. 
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As indicated earlier SHWPC personnel inspected cooling water strainers 

from all operational turbines at Safe Harbor daily from September 1 through 

December 5. A total of only 15 shad were collected there, all between 

October 14 and November 17. Twelve of the fish came from old units 

(3-7) and 3 from new units 8 and 12. All but one of the shad were taken 

during the first 2 weeks of November. These fish ranged in size from 

105 to 160 rm, and averaged 129 rrm. Hundreds of gizzard shad were taken 

from the Safe Harbor strainers during the sample period. 

Holtwood Results 

Young shad were first taken by cast net at Holtwood on October 24 and 

continued to be collected there on each sample date through December 4 

(Table 4.6). Hundreds of American shad were cast netted on each attempt 

after November 14 along with many hundreds of young gizzard shad. Very 

little effort was used at Holtwood to collect fish. American shad ranged 

in size from 83 to 158 rm, and averaged about 125 mm. Samples from all 

three hydroprojects were returned to Benner Spring for otolith analysis. 

RMC's lift net was particularly effective at the Holtwood project where 

young shad appear to congregate during late November . In 102 lifts 

on eight dates between November 6 and December 4, an estimated 3,300 

American shad were netted (mostly released alive) along with 4 adult shad, 

3 adult herring, and several thousand gizzard shad. Earlier lift net 

collections during late October produced an additional 263 juvenile and 
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2 adult shad, and 2 adult and 1 juvenile blueback herring. In comparison 

to November catches, these were produced in 251 lifts. Finally by mid­

December, with water temperatures falling to 34-37.F, shad numbers 

declined in lift net collections at Holtwood (Table 4.7). 

Results from Conowingo and Peach Bottom Collections 

Conowingo strainers (11 units) were examined once per week from October 

9 through December 11. Four shad were collected on November 13 and 5 on 

November 20. One hundred to one thousand or more gizzard shad were taken 

from the strainers each week. RMC deployed their lift net in the Cono­

wingo forebay on November 13 and collected 5 juvenile American shad, one 

qizzard shad and one white crappie in 85 lifts . On December 9, 2~ hours 

of electrofishing in the Conowingo forebay produced only 14 gizzard shad. 

Only one unit (#2) was operational at Peach Bottom APS during the autumn 

of 1985. Complete screen wash samples were examined every Monday, Wednes­

day, and Friday by RMC personnel during October 16 through November 27. 

A total of 26 juvenile American shad were collected at Unit 2 on various 

widely scattered dates when water temperatures ranged from 62 to 46.F. 

The 6 shad collected on October 18 were badly decomposed and are believed 

to have floated into the screen dead. Shad taken from strainers and 

screens at Safe Harbor, Conowingo and Peach Bottom were returned to Benner 

Spring for OTC analysis. Collecting dates and numbers of shad taken by 

impingement are shown in Table 4. 8. Daily river flow and average water 

temperature as measured at Safe Harbor during September through mid-Decem~ 

ber is displayed in Fi gure 4.1. 
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SHAD COLLECTION BELOW CONOWINGO DAM 

Maryland Department of Natural Resources continued their regular upper 

Bay juvenile sampling program during July through October, 1985 (Job VII). 

Prior to initiation of outmigrant sampling in the lower Susquehanna River 

in November, DNR personnel conducted midwater trawl trials in the York 

Haven forebay to test the effectiveness of this gear for collecting juvenile 

shad. Trawling was conducted at dawn and near dusk on October 16, 17, 

22 and 23. No American shad were caught with the gear despite their pre­

sence as shown with cast nets, electroshocking, and hydroacoustic signals. 

Gear avoidance by shad juveniles is thought to be the reason for their 

absence in midwater trawl samples. In an attempt to increase net efficiency 

the ~-inch trawl belly mesh was replaced with 1\-inch mesh net, thus 

allowing for increased speed during trawling. Subsequently, the midwater 

trawl did catch juvenile gizzard shad in the lower Susquehanna River which 

were absent from samples prior to modification, indicating increased 

efficiency. 

Other gear used by the DNR in the 1985 outmigration survey included a 16-ft 

otter trawl and a haul seine measuring 200-ft x 10-ft with ~·inch stretch 

mesh. Single samples were taken at 14 sites each week utilizing gear at 

locations shown in Figure 4.2. Sampling began the first week of November 

and continued through the second week of December. A total of 30 seine 

hauls, 15 otter trawl runs, and 51 midwater trawl runs were conducted during 

this 6-week period (Tables 4-9 and 4-10). Catch was comprised mainly of 

gizzard shad, spottail shiners, yellow perch and white perch. Though no 

American shad were taken during this survey, one shad was collected during 

supplemental sampling in late October in the lower river (see Job VII). 
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OTC MARK DETECTION ANALYSIS 

Juvenile shad from all collections at Amity Hall and lower river power 

stations were returned to Benner Spring for otolith processing. Otoliths 

were surgically removed from the fish, mounted on slides with Pennount , 

ground and pol ished on both sides, and viewed under fluorescent light 

to detect the 1!1Ccurrence of the OTC ring (or rings). A faint mark was 

graded+, a moderate mark++, and an intense mark+++. 

As noted in Job III, approximately half the shad fry stocked i nto the 

Juniata River were marked with OTC at 25 ppm concentration and the remain­

der at 50 ppm. Resul ts presented in Table 3.7 show that only 5.9% 

(19 of 324) of shad marked at the lower OTC concentration retained a 

visible mark up to age 158 days. Conversely, 100 of 101 (99%) of the fish 

marked at 50 ppm retained marks. If all downstream migrants i n the 

Juniata were equally available for capture at Amity Hall during the 9-week 

collecting period (i.e no differential mortality between fish marked at 

different concentrations, and no early exodus from the river prior to 

mid-August sampling), then a predicted rate of positive marks at this 

location would be about 53%. As these hatchery produced fish moved down­

stream in the Susquehanna and joined naturally produced (unmarked) juveni le 

shad, mark detection rate should decline in relative proportion to the 

abundance of wild fish (assuming hatchery and wild fish have similar 

daily survival). 

The 2.7 million fry marked at25ppm OTC were the earliest fish stocked 

from Van Dyke. Since the Juniata and mainstem Susquehanna River above 
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dams may both be utilized by shad as sununer nursery waters, it is likely 

that some early hatchery plants passed Amity Hall prior to later (50 ppm 

OTC mark) plants. Increasing mark detection rates over time from Amity 

Hall collections would confinn the occurrence of this movement pattern. 

As shown in Table 4.3 the first collecting attempt at Amity Hall occurred 

on August 21 and the CPUE was the second highest recorded for the 8 

sampling dates. Thus it is probable that shad moved past Amity Hall prior 

to mid-August. If the early outmigrants (those not sampled} largely 

represented early hatchery stockings (i.e. marked at 25 ppm OTC}, then 

t he mark detection rate for later samples would be expected to be 

higher than the predicted 53~ due to a preponderance of later stocked 

fish (SO ppm OTC) in collections. Assuming this sequential movement con­

ti nues in the lower Susquehanna, mark detection rates at and below York Haven 

should display a similar trend of fewer marks in earliest collections. 

Minimum sample sizes for mark detection analysis were derived from tables 

provided in Simon and Schill (1984). Recognition of at least a 5% incidence 

of marked fish from a population at 95% confidence required a sample size 

of at least 60 fish from Amity Hall. A 90 fish sample from lower river 

collections permits a more critical look (99% confidence) where a mixed 

stock of shad {wild and hatchery) is expected. 

RESULTS 

In the first two collections of shad at Amity Hall (8/21 and 9/4), 9 of 

20 fish analyzed (45%) displayed OTC marks. Five of the marks were 
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graded++ or better. In the next four collections at this site (9/18 

through 10/18) 35 of 42 fish (83.3%) retained marks, 21 at grade++ or 

better. Overall mark detection rate from Amity Hall collections was 

70.9%. It appears that the sequential movement strategy 1n the lower 

Juniata River is confirmed and that earliest hatchery stockings passed 

Amity Hall prior to initiation of seining there. 

Five York Haven shad collections had subsamples returned to BSRS for mark 

analysis. Of the 13 fish examined from samples taken on 9/19and 9/26, 

only 1 (7.7%) displayed a mark. Of 43 shad analyzed from later collections 

(10/3 thru 10/17), 27 (62.8%) were marked. These results again appear to 

confirm the postulated sequential migration pattern, however, the out­

migrant population at this point in the river is composed of a mixture of 

hatchery and wild fish. It may be expected that fish naturally produced 

in the York Haven/Harrisburg area emigrate sooner than hatchery produced 

fish due to their proximity in the river as water temperatures decline. 

If this is true and if wild fish make up a substantial portion of the 

mixed run, then earliest collections at downstream sites should show a 

dominance of unmarked fish. 

Shad were collected at Wrightsville, about 14 miles below York Haven, on 

September 10 and 19. All 29 fish taken were analyzed for the OTC mark 

and the mark was detected from 12 fish (41.4%}. These collections 

were made about the same time that shad first appeared at York Haven and 

a significant fraction of them were confinned to be of hatchery origin. 

Therefore, if some portion of the juvenile stock in this reach of the river 

was of natural origin, it apoears that their migration coincides with that 

of fish from the Juniata River. 
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Twenty-seven of the 31 shad collected with cast nets at Safe Harbor on 

10/10 and 10/24 were analyzed and 16 fish (59.3%) displayed the OTC mark. 

Subsamples of shad taken from five collections at Holtwood during 10/24 

through 11/21 were also processed. Of the 61 fish examined, 38 had 

detectable OTC marks (62.3%) and 20 of the marked individuals were 

graded++ or better. The two October samples showed 54% and the three 

November samples had 68% marked fish. 

A t,otal of 35 shad were collected from strainers and screens at Peach 

Bottom APS and Conowingo during 10/18 thru 11/25 . Only 5 of the 24 fish 

analyzed for the OTC mark were positive (20.8%). Although the sample 

siz1e is small the results here contrast markedly from upriver mark detec~ 

tion rates. If all samples from York Haven, Wrightsville, Safe Harbor and 

Holtwood are pooled, 94 of 173 fish or 54.3% were marked (range 41-62%) . 

A significantly reduced marked population below Holtwood could be caused 

by ,d ifferential mortality of hatchery versus wild fish passing Holtwood, 

or more likely, the addition of large numbers of unmarked fish i nto Cono­

wingo Pond. 

Of the 30,150 fingerling ~had stocked directly into Conowingo Reservoir 

(Talble 3.6), 12,850 were unsuccessfully marked with OTC-laced feed and 

17,:300 were bathed in 25 ppm OTC concentration. At an average mark reten­

tio1n rate of less than 6% at 25 ppm only about 1,000 of the fingerlings 

wou·td be expected to show the mark. The 800,000+ fry stocked into Cono­

wi n!~O Pond were double-marked in 50 ppm OTC . Only 1 of the 5 marked shad 

from Peach Bottom/Conowingo showed the double mark. Finally, we cannot 

rule~ out the possibility that natural reproduction occurred in the Holtwood 
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vicinity or in Conowingo Pond, thus contributing to the unmarked population 

in this lower section of river. The single American shad juvenile collected 

below Conowingo Dam by Maryland DNR was preserved in formalin prior to 

freezing and displayed no mark. All results discussed above are SUITITlar­

ized in Table 4.11. 

DEFORMITIES IN JUVENILE SHAD 

For the past several years a low incidence of physi cal defonnity has 

been noted in juvenile shad collected in the Susquehanna River. Most 

frequently this is displayed as a defonned lower jaw, shortened gill 

covers, or irregular spinal curvature. Since these condi•tions are rarely 

noted in collections of wild shad juveniles in other East Coast rivers, 

we presume they result from hatchery culture (e.g., diet, crowding, 

handling, etc.). 

All shad netted at Amity Hall are presumed to be of hatchery origin. 

Therefore incidence of abnormalities should be highest in these collections. 

As indicated earlier in this report, 10 of 212 shad (4. 7%) taken at Amity 

Hall were deformed . Four of these fish were returned to BSRS and 3 (75%) 

carried the OTC mark. Also all three deformed shad from Safe Harbor 

collections were marked fish. 

Other anomalies analyzed for OTC included 5 fish from Wrightsville, 2 

from Holtwood and 1 from Peach Bottom. None of these fish displayed the 

OTC mark. We cannot positively identify these individuals as hatchery 

fish though they may be part of the production lot marked at 25 ppm OTC. 
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OISCUSSION 

Failure to collect any juvenile American shad fn the North Branch Susquehanna 

River tends to support the radiotelemetry results discussed in Job V. It appea 

that most of the 3,200 Hudson River adults planted at Tunkhannock left the 

North Branch prior. to spawning . This may account for our inability to . 
collect juveniles in 1982 and 1984 in the upper reaches. Rapid downstream 

migration of adults following hauling may be indicative of handling stress. 

This downrunning phenomenon is well documented in tagging programs on the 

Delaware and Connecticut Rivers. To avoid this problem in the future it 

may be desirable to hold transplanted adult shad for several days prior 

to direct release to the river in an effort to reduce stress. There are 

currently no such facilities in the North Branch for maintain ing l arge 

numbers of shad. 

Shad collecting effort at Amity Hall was of similar intensity this year as 

in 1984 with 24 hauls on 8 dates compared to 25 hauls on 7 dates. However, 

the 212 total catch of shad and 93 mrri average length differed considerably 

from 1984 (1,295 fish averaging 75 mm). This was not unexpected since fry 

production at Van Dyke in 1985 was only about 45% of the record 1984 stocking. 

Larger average size of fish in 1985 may be partially explained by enhanced 

growth rate due to reduced competition for food, and the fact that most 

fry stocked this year were 4-10 days older than in 1984 giving them an 

early feeding advantage. 

As pointed out in the 1984 Job IV accomplishment report, cast net samoling 

at hydroproject forebays cannot be used for determinino relative abundance 
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of juvenile shad. In 1985, juveniles first appeared at York Haven on 9/19 

when water temperature was 11•F and most fish passed this project site by 

10/31 (55.F). Shad were first collected at Holtwood on 10/24, peaked in 

abundance in late November, and apparently completed passage at that site 

by about the third week in December (37.F). These collections indicated 

that the peak of the run took about 5 weeks to migrate 32 miles through 

Lake Clarke and Lake Aldred. This period of migration is about 2 weeks 

longer than was observed in 1984. Since timing and rate of migration are 

largely related to falling water temperatures, i~ is interesting to note 

that during November, 1985 temperature declined at an average daily rate 

of 0.5.F compared to almost twice that rate in 1984. 

Work conducted by RMC biologists using electrofishing at York Haven and 

a lift net at Holtwood offered an opportunity to evaluate the effectiveness 

of sampling gear not extensively used in the past. Both gears were very 

effective at capturing shad and the lift net was particularly useful for 

taking live fish for research purposes. With all other net, strainer and 

screen collections in the lower river producing fewer than 600 juvenile 

shad during autumn 1985, the thousands of shad taken in the lift net at 

Holtwood during peak weeks in November provided a gross 

indication of the magnitude of the run. In the 3 decades of upstream stock• 

ing and juvenile assessment in the Susquehanna (i.e. studies by ~/alburg, 

Whitney, Carlson, etc.), such numbers of shad have never before been recorded. 

Catch of shad in cooling water strainers at Safe Harbor Dam in 1985 was 

considerably reduced compared to 1984 (15 fish versus 112). New Units 8 

and 12 were frequently on-line but took only 3 of the entrained shad. 
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Perhaps the location and/or configuration of intakes and strainers at these 

new units makes them less effective than old units for collecting shad. 

The 9 shad collected from strainers at Conowingo exceeded numbers taken 

there in prior years (3 in 1984; l in 1983) . With such small numbers 

little can be said about catch effectiveness or relative abundance. Peach 

Bottom entrainment sampling was similar to past years. The 26 shad collected 

from the Unit 2 intake screen compares with 38 and 31 shad collected in 

1984 and 1983, respectively. Considering that 800,000+ double-marked fry 

were stocked into Conowingo Pond in 1985, it is somewhat surprising that 

shad catch at Peach Bottom was not greater. ·As mentioned, only one of the 

PBAPS shad evaluated showed the double OTC mark. 

Maryland DNR's juvenile shad survey in the lower river and Flats area 

repeats past year results. Considering the size of the area being sampled, 

juvenile shad are apparently not in sufficient abundance below Conowingo to 

be detected with the intensity of the present survey. It may be useful to 

investigate shad collecting opportunities in the river immediately below 

Conowingo Dam where fish may be more concentrated. Such a survey should be 

scheduled 1 or 2 weeks following peak emigration at Holtwood. 

Results of the OTC mark retention rates are somewhat speculative because of 

the large fraction of hatchery released fry whi ch were not effectively 

tagged. However , with analysis of control shad held at BSRS indicating 99% 

tag retention at 50 ppm OTC concentration and 5.9% at 25 ppm, we could pre­

dict that the population at Amity Hall would show 50-55% positive marking. 

As unmarked naturally produced fingerlings come into collections downstream 
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in the Susquehanna, this predicted mark rate should decrease in proportion 

to their abundance. For example, with a 50% mark rate in the Juniata and 

a 25% mark rate in the lower river, we might assume that half the outmigrants 

were of natural origin. The total subsample of collections between York 

Haven and Conowingo which were analyzed for OTC presence was 197 shad of 

which 50% (99 fish) were marked. From this assessment it appears that very 

few outmigrant juvenile shad in the Susquehanna River in 1985 resulted from 

natural reproduction of transplanted adults . In 1986 all hatchery produced 

shad will be marked at 50 ppm OTC, and the analysis of outmigrant production 

from spawning compared to hatchery releases will be better defined. 
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Table 4.1. Juvenile American shad collections in the mainstem 
Susquehanna River above Cl arks Ferry, August 14. -
September 25, 1985. 

Date Location # Am. Shad Effort* Time 

8/14 Coxton Yards 0 6 2010-2220 
Falls 0 3 1610-1710 

8/15 Wilkes-Barre 0 7 0810-1205 
Danville 0 3 1945-2105 

8/16 Sunbury 0 4 0755-0950 

8/28 Coxton Yards 0 5 1930-2215 

8/29 Wilkes-Barre 0 5 0710-1000 
Danville 0 3 1935-2115 

8/30 Sunbury 0 3 0720-0910 

9/12 Wilkes-Barre 0 7 0730-1015 
Danville 0 3 1915-2025 

9/13 Sunbury 0 3 0745-0850 

9/24 Wilkes-Barre 0 5 0735-0940 
Danville 0 3 1900-2010 

9/25 Sunbury 0 3 0715-0920 

Temp. 

84•F 
83 F 

82 F 
87 F 

82 F 

77 F 

75 F 
77 F 

75 F 

72 F 
70 F 

67 F 

72 F 
72 F 

68 F 

*Each unit of effort is one haul with 300 1 x7 1 x3/8 11 seine. 
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Table 4.2. List of fish species taken in the North Branch 
Susquehanna River haul seine collections during 
August and September, 1985. 

'f~{:> ~~'<''fe 
SPECIES 

~~\\S 
1(,,0'(\ 

'(~ es' .,,e 
~~'('i e,oi- ~\ \ ~ <;)~'(\"' s~'(\ 

Smallmouth Bass X X X X X 

Largemouth Bass X X 

Bl uegi 11 X X X X 

Pumpkinseed Sunfish X X X X 

P.edbreast Sunfish X X 

Black Crappie X X X 

White Crappie X X X X 

Rock Bass X X X 
Walleye X X X X 
Tessellated Darter X X 
Common Carp X X X 

Spotfin Shiner X X X X X 

Spottail Shiner X X X X 

Golden Shiner X 

Common Shiner X 

Rosyface Shiner X X 

Comely Shiner X X X 

Notropis spp. X X X 

Qui 11 back X X X X 

White Sucker X X 

Blueback Herring X 

Am. Shad (adult) X 

Gizzard Shad X X X X 

Muskellunge X 

Tiger Musky X 

Channel Catfish X X 

Brown Bullhead X 
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Date 

8/21 

9/4 

9/18 

10/3 

10/10 

10/18 

10/24 

10/31 

Table 4.3. Juvenile American shad collections at Amity Hall 
on the Juniata River during August 21 through 
October 31, 1985 (fork lengths in millimeters). 

Shad Mean Length Effort* Catch/ 
catch length range effort 

52 94 81-119 3 17.3 

26 86 71-106 3 8.7 

31 86 55-106 3 10.3 

67 96 62-112 3 22.3 

11 98 89-107 3 3.7 

12 87 74-101 3 4.0 

13 98 65-116 3 4.3 

0 ... 3 0.0 

Totals 212 93 55-119 24 8.8 

* each unit of effort is a haul with the 150' x 6' x ~11 seine 
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78.F 

76 

67 
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62 
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Table 4.4. Summary of juvenile American shad collections 
at York Haven Dam forebay, August-November, 1985 
(fork lengths in millimeters). 

Date Shad Mean Length Effort* Time of Water 
catch length range day temp 

8/20 0 15 0630-0710 9o•F 

9/5 0 10 0640-0720 80 

9/10 0 11 0625-0710 81 

9/19 10 150 135-161 20 0635-0755 71 

9/26 6 157 154-160 17 0710-0800 70 

10/3 28 127 108-149 2 1820-1835 63 

10/10 19 121 107-133 6 1830-1915 64 
10/15 12 136 121-155 28 1350-1800 64 
10/17 44 129 111-165 9 0710-0830 63 

10/31 0 1 0950 55 

11/7 0 5 0710-0740 53 

11/14 5 116 105-125 6 0725-0800 51 

11/20 0 2 1615 48 

Totals 124 125 105-165 132 

* Each unit of effort is a single cast with the 20-ft diameter cast net. 
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Table 4.5. Surrmary of juvenile American shad collected with 
cast nets in Safe Harbor forebay, Sept.-Nov., 1985 
(fork lengths in millimeters). 

Date Shad Mean Length Effort Time of Water 
catch length range (#casts) day temp 

9/26 0 14 1010-1120 72• F 

10/3 0 9 1140-1240 65 

10/10 7 116 81-132 9 1325-1415 63 

10/16 0 8 1120-1200 63 

10/24 24 127 114-138 2 1325-1335 61 

11/7 0 8 1555-1630 53 

11/14 0 .,. 6 1200-1230 54 

11/21 0 5 1220-1240 50 

Totals 31 125 81-138 61 

Table 4.6. Surrmary of juvenile American shad collected with 
cast nets in Holtwood forebar, Oct. - Dec., 1985 
(fork lengths in millimeters . 

Date Shad Mean Length Effort Time of Water 
catch length range (#casts) day temp 

10/16 0 10 0935-1025 53• F 

10/24 22 122 90-150 3 1430-1455 61 

10/31 10 127 83-149 4 1300-1320 51 

11/7 20 115 90-143 1 1510 53 

11/14 100+ 125 86-158 3 1100-1115 54 

11/21 100+ 136 99-154 1 1030 50 

12/4 100+ 115 94-146 1 1200 38 

Totals 350+ 125 83-158 23 
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DATE 

No. LIFTS 

American shad 
(juveniles) 

American shad 

~ 
(adults) 

I 
N BB herring <.Tl 

(juveniles) 

BB herring 
(adults) 

Gizzard shad 

Bl uegil 1 

Largemouth bass 

White crappie 

Blue tilapia 

Channel catfish 

Tiger musky 

Table 4.7. Summary of lift net collections conducted by RMC at Holtwood forebay 
during October 16 - December 19. 1985. 

10/16 10/21 10/25 10/28 11/1 11/6 11/8 11/11 11/13 11/15 11/21 11/27 12/4 12/13 12/19 

15 15 78 83 60 19 12 4 19 10 14 15 9 10 15 

3 1 101 63 95 480* 22<! 294* 604"' 108 BOG* 221* 565* 43 7 

2 0 0 0 0 0 0 0 1 0 3 0 0 ·o 0 

0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 2 0 2 0 0 0 0 1 0 0 0 0 

100* 40 0 0 0 5 16 4 20:r 1520* 2658* 1of 95f 1 33 

0 4 0 0 0 0 0 0 0 0 1 0 2 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 

0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 4 0 0 0 0 0 0 

0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 

* Approximate numbers - estimates were made in most lift net 
collections containing more than 20 fish to minimize stress 
from prolonged confinement . 

TOTALS 

3.625* 

6 

1 

5 

5 ,646'° 

7 

2 

1 

2 

6 

3 



Table 4.8. Sunrnary of juvenile American shad collections from 
strainers at Safe Harbor and Conowingo, and screens 
from Peach Bottom APS, October - December, 1985. 

Date Safe Harbor Peach Bottom Conow1n90 

9/1 0 

l 
10/9 0 0 
10/14 1 
10/16 0 0 0 
10/18 0 6* 
10/21 0 0 
10/23 0 0 0 
10/25 0 0 
10/28 0 1 
10/30 0 1 0 
11/1 0 0 
11/3 1 
11/4 0 0 
11/6 1 6 0 
11/7 1 
11/8 0 0 
11/ 9 3 
11/10 2 
11/11 2 3 
11/13 0 1 4 
11/14 2 
11/15 0 3 
11/16 1 
11/17 1 
11/18 0 1 
11/20 0 5 
11/22 0 3 
11/25 0 1 
11/27 0 0 0 
12/4 0 0 
12/5 0 
12/11 0 

Totals 15 26 9 

*These fish appeared to be dead on arrival at the screen. 
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tble 9. Locations sampled and effort by gear during the 1985 Maryland DNR 
juvenile shad outmigration study. 

Gear Type Station No. Effort Station Name 
{see Figure 4.2) 

Haul Seine 1 5 Wild Duck Cove 
5 5 Spoil Island 
6 5 Tydings Park 
7 5 Quarry 
LAP 5 Lapid um 
HVB 5 Happy Valley Br. 

Otter Trawl 1 6 Wild Duck Cove 
5 6 Battery Island 
6 6 Tydings Park 

Midwa ter trawl 1 5 Tydings Park 
2 4 Concord Lt-Perry Pt. 
3 4 Penn Central RR Bridge 
4 5 Garret Is.-Cecil West 
5 5 Garret Is.-Cecil East 
6 5 Garret Is .-Hartford East 
7 5 Garret Is.-Hartford West, 
8 4 I-95 Bridge 
9 5 Port Deposit 

10 4 Port Deposit-Lapidum 
11 5 Lapid um 

TABLE 4 .10. Sample dates by gear type and water temperature during the 1985 
~2ryland DNR juvenile shad outmigration study. 

Date Seine MW Trawl Otter Temperature 
Trawl Range (F) 

November 5 X x· 56 - 57 
lovember 6 X 56 - 57 
Movember 12 X X 56 
lovember 13 X 56 - 57 
lovember 19 X X 48 - 49 
lovember 20 X 51 
lovember 25 X X 47 
lovember 26 X 45 - 47 
December 4 X 38 - 41 
December 6 X X ~8 - 39 
December 10 X X 38 - 39 
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Table 4.11. Oxytetracycline tagging analysis of outmigrating juvenile 
American shad in the Juniata and Susquehanna Rivers, 1985. 

A. AMITY HALL 

Mark C O 1 1 e c t i o n d a t e s 
Quality 8/21 9/4 9/18 10/3 10/10 10/ 18 TOTALS 

0 6 5 1 1 2 3 18 
+ 1 3 3 5 4 2 18 
++ 2 1 3 1 0 2 9 

+++ 1 1 3 3 5 4 17 

% marked 4/10 5/10 9/10 9/10 9/11 8/11 44/62 
(40%) (50%) (90%} (90%) (82%) (73%) (71%) 

B. YORK HAVEN 

Mark C O l 1 e c t i o n d a t e s 
Quality 9/19 9/26 10/3 10/15 10/17 TOTALS 

0 8 4 6 4 6 28 
+ 0 0 8 1 6 15 
++ 1 0 1 0 4 6 

+++ 0 0 3 0 4 7 

% marked 1/9 0/4 12/18 1/5 14/20 28/56 
(11%) (0) (67%) (20%) (70%) (50%) 

C. WRIGHTSVILLE 

Mark C O l 1 e C ,t i o n d a t e s 
Quality 9/10 9/18 TOTALS 

0 3 14 17 
+ 1 3 4 

++ 2 3 5 
+++ 1 2 3 

% marked 4/7 8/22 12/29 
(57%) (36%) (41%) 

- continued -
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Table 4.11. Continued 

D. SAFE HARBOR 

Mark c o l l e c t ; o n d a t e s 
Quality 10/10 10/24 TOTALS 

0 2 9 11 
+ 4 6 10 

++ 1 1 2 
+++ -0 4 4 

% marked 5/7 11/20 16/27 
(71%) (55%) (59%) 

E. HOLTWOOD 

Mark c o 1 1 e c t i o n d a t e s 
Quality 10/24 10/31 11/7 11/14 11/21 TOTALS 

0 6 5 5 5 2 23 
+ 4 3 5 6 1 19 

++ 2 0 2 2 2 8 
+++ 3 1 2 3 2 11 

% marked 9/15 4/9 9/14 11/16 5/7 38/61 
(60%) (44%) (64%) (69%) (71%) (62%) 

F. PEACH BOTTOM/CONOWINGO 

Mark C O l l e c t i o n d a t e s 
Quality 10/18 11/6 11/8 11/12 11/13 11/22 11/25 TOTALS 

0 6 4 3 2 2 1 1 19 
+ 0 0 0 1 0 0 0 1 

++ 0 1 0 0 0 0 1 2 
+++ 0 l* 0 0 0 0 1 2 

% marked 0/6 2/6 0/3 1/3 0/2 0/1 2/3 5/24 
(0) (33%) (0) (33%) (0 ) (0) (67%) (21%) 

* double marked fish 
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INTRODUCTION 

Adult American shad have been taken from the Hudson 

and/or Connecticut rivers and stocked in the North Branch of 

the Susq uehanna River since 1981 . Spawning success was 

documented in only two of the four years. Co nsequent l y, a 

radio tagging study was initiated in 1 985 to provi de insight 

into the post stocking behavior of the transpor ted fish. 

The following aspects were studied : 

1. The extent of post stocking mortality 

2. The rate and nature of dispersal throughout the 

river 

3. The e>(tent and areas of fish congrj?gation 

4. Spawning areas 

Although the original study plan did n o t include 

collection of data on behavioral responses of adult American 

shad at the four hydroelectric stations (York Haven , Safe 

Harbor, Holtwaod and Conowingo) these data were gathered in 

a s ystematic manner. Most information was obtained from 

York Haven and Safe Harbor. Additionally. mortality 

estimates associated with downstream passage were determined 

for these two stations . Summarized movement data are given 

1n the main r eport while movement a nd behav ior al data on 

individual fish are given 1n Appendi ~ I. 
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METHODS 

Radio Tagq1ng 

A subsample cf transported adult American shad was 

equipped with radio tags. These fi sh were from both the 

Hudson and Connecticut rivers and were released with other 

unmarked shad in the north branch of the Susquehanna River 

near Tunkhannock at river mile (RM) ~17 . Shad chosen for 

radio t agging (hereafter tagged) were captured and 

transported in the same manner as untagged fish. Shad were 

tagged at either the capture or release site by orally 

inserting a transmitter into the stomach. The tags wet-e 

cy lindrical , approximately 11 x 60 mm w1th a 210 mm whip 

antenna. Each tag weighed approx imately 13 grams. Fi sh 

were carefully dip netted to a water filled container, 

tagged while parlially submerged. and then released. 

Only actively swimming fish were selected for tagging. 

Male and female fish were tagged in approximately the same 

proportion as the sex ratio in the transport tank. 

were tagged on four different occasions during the 

Fish 

transportation program. Most specimens were tagged at the 

release site . Only fish from the first transport run were 

tagged at the capture site. 



Tracking 

The dispersal and status of the tagged fish following 

their release near Tunkhannock was monitored by tracking 

shad from shore, truc k , airplane and boat . Signals were 

received on an Advanced Telemetry programmable scanning 

receiver connected to either a base loaded whip antenna, 1/4 

wave loop antenna, steel rod antenna, 2 or 5 element yagi 

antenna or no antenna at all. The loop and yagi antennas 

are directional and enable the tracker to determine the 

direction of the tagged fish; changes in signal strength is 

the primary factor used for location determinati on when 

using the other antennas . Most fix locations were generally 

accurate to 1/10 of a mile, however, many of the fixes 

assigned from boat and along s hore in the forebay areas at 

hydroelectric stations were accurate ta within several feet. 

Trac~inq from Shore 

Fish locations were determined from shore by scanning a 

portion of the river from several areas with a directional 

a nd /or nondirectional antenn a . Shore s cans were the most 

effective way to determine the presence of a tagged fish in 

the vici n ity of York Haven, Safe Harbor, Holtwood and 

Conowingo hydroelectric stations (hereafter Yor k Haven, Safe 
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Harbor, Holtwood and Conowingo). Shad were tracked by truck 

primarily in the upper portion of the Susquehanna River from 

the release site downstream to Berwick, PA. The fish were 

located by traveling roads that ran paralle l to the river. 

Signals were received by a roof mounted whip antenna and/or 

a hand-held loop antenna. 

Tracki ng from Air 

Because many of the fish dispersed rapidly and traveled 

great distances downstream, an aircraf t was used to cover 

l arge portions of the Susquehanna River in a r elatively 

short period. Either a Cherokee low-wing or Cessna high 

wing plane was flown over the river . Most searches were 

conducted between 1,000 and 2,000 ft above mean sea level at 

air speeds around 85 mph i n the Cherokee and 65 mph in the 
I 

Cessna. A stainless steel rod antenna was mounted under the 

fuselage of the Cherokee, and two loop ant ennas wer e mount ed 

on the wing struts o f the Cessna. Fish location was 

determined primarily by variations in signal stren gth . 

Tracking from Boat 

A subsampl e of the tagged fi sh was located and followed 

by boat in portions of the river between Yor k Haven and 

Conowingo . Some fish were tracked continuously for several 



hours in the vicinity of York Haven, Safe Harbor and 

Conowingo. Fish were located b y guiding the boat in the 

direction of the signal that was received vi a a high gain , 

direct1onal yagi antenna. As the boat neared the location 

of the fish, one of the t rackers wou ld periodically switch 

to a shor t-range antenna or no antenna . The signal was 

fo ll owed until the trac~er was able to obtain the signal 

with an ant e nna/receiver combination having a limited ran g e 

(less than 30 ft) . 

Monitoring Sch edule 

The dates, areas and methods used to monitor the 

tagged fish are shown in Table 1 . The general monitoring 

schedule was as follows. Newly tagged fish were monitored 

at the release site f or about an hour to ascertain immediate 

mortal ity and di spersal direction . These fish were located 

at least once more about 8 to 24 hours fo l low1ng stocking. 

This procedure was followed for each of four di fferent 

stockings. After these initial trackings , an attempt was 

made to locate all tagged fish weekly, usually b y dirplane. 

Because most of the fish moved r~pidly downstream and then 

hel d at the lower river hydroelectric st ations, additi onal 

1non1toring efforts were expended at York Haven, Safe H~rbor, 

Holtwood and Conowingo. Monitoring was most intense at York 
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Haven and Safe Harbor. Yor k Haven was checked almost daily 

from mid-~lay through mid-June and Safe Harbor almost daily 

1n June. Some fish found at York Haven, Safe Harbor and 

Conowingo were also located hourlv and sometimes every few 

minutes as they moved about the forebay and impounded 

waters . Safety concerns by PP&L at Holtwood prevented the 

collection of movement data within the forebay of this 

facility. Fish movements were also monitored dur i ng several 

periods when sluice gates were opened to spill trash at both 

York Haven and Safe Harbor. 

Monitoring Spawnjnq 

The purpose of the American shad stocking program is to 

achieve successful spawning of the released fish. Prior to 

the study it was believed stocked shad would congregate and 
~ 

eventually spawn somewhere in the north branch of the river. 

The tagged fish were tracked to determi n e where a n d when 

they cong r egated so spawning could be documented by 

ichthyoplankton samples . Most tagged fish congregated at 

York Haven . Consequently , spawning activity was most 

intensely studied there. Ichthyoplankton samples were taken 

with a 1-meter plankton net fished just below the surface . 

The net was deployed from an anchored boat in the intake 

channel and tailrace area of Yor k Haven (F igure 1) . Th e 



7 

contents of a 15 minute sample were preserved in 10% 

f ormalin . Fish eggs and larvae were sorted and identified . 

Some tagged shad were al so tracked at hourl y o r more 

frequent intervals in the forebay of York Haven and Safe 

Harbor fr om late afternoon to night . Th is addit ional 

surve illance was c onducted to determine differences in 

diurnal spawni ng ac t ivit y. 

The spawning cond iton o f untagged fish was determined 

by collecting specimens in the forebays at both Yor k Haven 

and Safe Harbor. At York Hav en speci mens were taken with a 

pitch fork gig as they swam along the trash bars ; at Safe , 
Harbor a 6 x 300 foot x 5.5 inch mesh nyl on gill net was 

used (Figures 2 a nd 3) . 
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RESULTS 

Stocking Mortality 

Twenty-seven tagged shad (20 from Hudson River and 7 

from Connecticut River) were released alive at the 

Tunkhannock stocking site between 28 April and 25 May (Table 

2) . Five fish were tagged at the capture site o n 28 April 

but two of these died prior to release . One of the dead 

fish was replaced by tagging an additional specimen at the 

release site . 

release site. 

Thereafter, al l tagging was done at the 

All transported fish (tagged and untagged) 

were from the Hudson River except for the final load of 64 

fish which came from the Connecticut River on 25 May. 

Post stocking mortality of tagged shad was low. Only 

four flsh were found dead in the Susquehanna River upstream 

of York Haven <R1'1 56) . Tags of two fish (6448-Connecticut 

River, 764-Hudson River) were recovered from the north 

branch more than 36 mil es downstream of Tunkhannock (Table 2 

and Figure 4). One fish appeared to have died within three 

days of stacking while the other may have lived more than a 

week. The other two fish were in the mainstem of the 

Susquehanna River . Tag 709 was located below the dam at 

Sunbury (RM 122) and 563 was found at the mouth of the 

Juniata River (RM 86) . The exact cause of death is not 

known , but their distances from the release site and dates 
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of location indicated they did not die immediately after 

stocking. The presenc e of f i sh 709 in the t ailwater s of a 

dam, suggests its death may have been associated with 

passage over t hat dam. It appears that fish which can swi m 

away fr om the re l ease site suffer low delayed mortality . 

Post stocking mortality does not appear to b e a p ri mary 

factor in the spawning success or failure af the transported 

fish. 

Dispersal and Congregati on 

Tagged shad generally moved downst r eam from the 
~ 

Tunkhannoc k area ~hort l y after tagging. Fourteen shad were 

found 7 to 51 mi les downstream of the release site 8 to 24 

hours after stocking (Table 2 and Figu r e 5). Only 10 shad 

were located near the release area dur ing th i s time. The 

remaining three f ish were not located at this time. Six of 

the 10 fish which did not rapidly leave the r elease site 

were among the s e ven fish tagged from t he Connecticut River ~ 

these fi§h left the area wit h in a few days . No tagged fi sh 

were ever located more than two miles upstream of the 

release site . Only one fish appear ed to stay at the release 

area fo r more than a few days (723 ) . 

The first area where dispersed fish c ongregated was the 

forebay of York Haven (RM 56). The number of days which 
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elapsed between stocking date and first known date when the 

fish reached York Haven was used to indicate the rate of the 

downstream di spet-sal <Table 2>. A total of 23 fish reached 

York Haven. The number of days required for shad to reach 

York Haven ranged from 3 to 22 days (Table 2). More than 

half (13) were there 1n 9 days with four of these reaching 

York Haven within 6 days . The fastest fish , 803, was found 

below York Haven near Columbia (RM 40) i n only three days. 

The remaining si x fish (26%) displayed a more gradual 

downstream dispersal. More than two weeks elapsed until 

these fish reached York Haven. One of these fish (784) 

moved 9 miles upstream (RM 14 9 to 158) between 8 and 13 May. 

Other than minor upstream movements at the release site, 

this is the only fish which moved upstream while stil l in 

the north branch of the Susquehanna River (Figure 5). It 

arrived at York Haven on 20 May . This fish also had the 

longest lapse of time (22 days) to York Haven (Table 2) . 

The maximum hourly rate of movement recorded f or each 

fish dur ing the downstream dispersa l ranged f r om 0.4 to 2.6 

miles per hour (Table 2) . Movemen t rates were 2 . 0 to 2.6 

mph for the Fish which reached York Haven within 5 days. 

The fastest rate observed durin g this study was 3 . 6 miles 

per hour for a fish (822) moving betwe en York Haven a nd Safe 

Harbor, not during its init i al downstream run . 
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There was no evidence t hat tagged shad congregated for 

extended periods in the north branch o r mainstem of the 

Susquehanna River . Except for the first two days following 

stocking, only four tagged fish were located close to each 

other after leaving the release site and prior to arrival at 

York Haven . Fish 432 and 624 were 2.5 miles apart (RM 75.5 

and 73.0) on 13 May and fish 504 and 543 were 2 miles from 

each other <RM 156 and 158) on 29 May . Three other fish, 

that delayed downstream emigration more than two weeks, were 

found within a 29 mile section of the river (between 

Nanticoke, RM 120, and just downstream of Berwick, RM 149) 

at least once between 8 and 20 May . There have been reports 

of a few shad being taken by rod and reel and seine from 

t his portion of the river later in the year . 

The rapid downstream dispersal of radio tagged shad 

appears typical for most transported shad . Large numbers of 

untagged and tagged shad were observed simultaneously in the 

forebay of York Haven indicating that many of the 

transported fish leave the north branch soon after stocking. 

Although no exact counts were made, hundreds of adult shad 

were observed on several occasions swimming just off the 

trash bars at York Haven. On 28 May shad large numbers of 

shad were observed along the entire 475 foot intake 

structure with about 15 fish every five feet. Some could 
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have been shad taken at the Conowingo Fish Lift and 

transported to Harrisburg. However, most of the shad taken 

below Conow1ngo were considerably smaller than fish 

transported from the Hudson River or obser ved at York Haven. 

Spawning 

F i ve ichth yoplankton collections were taken at York 

Haven. One collecti on was taken upstream of the forebay in 

the intake channel just after midnight on 22 May and four 

collections were taken from the discharge in the t ailrace 

between 9 and 11 PM on 30 May <Figure 1 and Table 3). The 

sample from the intake channel was taken in the immediate 

vicinity of a tagged female shad (662) . Only one positively 

identified shad egg was taken in the intake channel 

collection. The egg appeared to be viable. Four eggs of 

appropriate size (2.5 to 3 . 1 mm diameter) for shad were 

taken in the di schar ge; however, the condition of t he eggs 

did not permit a positive identi ficat ion. Only 10 other 

eggs were taken . Numerous larvae (440) were taken but none 

of American shad (Table 3) . Surface splashing, a typical 

spawning activity, was not observed for tagged or untagged 

shad in the York Haven forebay and in upstream areas the 

same night the ichthyoplankton collection was t aken in the 

intake c h annel . Eight tagged shad were tracked intensively 
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the same night. All fish continually moved about. Five 

moved upstream of the forebay into the intake channel area. 

Tagged fish behaved similarly in the forebay area of Safe 

Harbor. Shad were not observed splashing on the surface 

during late evening or night at Safe Harbor. 

The eggs collected from the York Haven tailrace most 

likely came from fish spawning in the forebay or intake 

channel. The night (30 May> the tailrace was sampled, six 

tagged shad (3 male and 3 female> were present in the 

forebay and intake channel area. Additional observations of 

tagged shad at York Haven indicated that shad did not remain 

1n the tailrace area upon passing the station, nor did they 

return to the area later. 

Fish collected by gig and gill net at York Haven and 

Safe Harbor, respectively , were examined for spawning 

condition. A total of 17 fish was taken at York Haven from 

21 to 28 May and four were collected at Safe Haber on 25 

June (Table 4). The fish at York Haven consisted of 11 

males and 6 females. Most taken on 21-23 May were running 

ripe while shad taken on 28 May were partially spent. The 

four f ish captured at Safe Harbor were all spent females. 

The fish collected at both hydroelectric stat ions appeared 

healthy and most were free of scars o r other external marks. 
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Body weights on a subsample indicat ed the fish were not 

emaciated. 

The presence of ripe shad and eggs at York Haven 

indicate that spawning occurs 1n that area . There was no 

indication that spawning occurred in the vicinity of Safe 

Harbor; however, the peak spawning period was probably past 

when fish were intensively tracked and sampled at Safe 

Harbor . 

Spawning success of stocked shad in the lower 

Susquehanna River may be partiall y dependent upon their 

concentration at York Haven. Green and ripe fish appear to 

stay for a sufficient time to permit spawning. Perhaps most 

stocked fish would exit the river prior to spawning if not 

contained . 

BEHAVIOR AT HYDROELECTRIC STATIONS 

The congregation of the tagged and untagged shad at the 

lower river hydroelectric stations provided an opportun ity 

to gather data on their behavior and mortality at these 

facilities . Most information was gathered at York Haven and 

Safe Harbor. Less data were obtained at Holtwood an d 

Conowi ngo due to time constraints and low numbers of tagged 

fish rather than technical feasibility. 
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Observations at York Haven Station 

As mentioned previously, 23 tagged fish reached t he 

York Haven Station. Shad were observed to c ongregate there. 

Fish were abundant from the week of 12 May through the week 

of 16 June (Table 5) . Shad concentration in the Yor k Haven 

forebay area was probab ly due to the design of the dam and 

powerhouse. Both structures a r e situated oblique to the 

river flow and direct the flow towards the west b ank of the 

river (F igures 1 an d 2) . Flow in the forebay area is 

direc ted towards the furthermost downstr eam un i t which i s 

operating. Consequently, most of t he fl ow is a lso oblique 

to the trash bars in front of the 475 foot powerhouse that 

con tains 20 units. Water appears to enter directl y through 

the trash bars in l i mited areas at the upstream and 

downstream end of the intake area . 

Actual counts were not made , but hundreds o f shad were 

observed s wimming along the trash bars from mid-Ma y th r ough 

mid-June . Fi5h were observed swimmi ng upst r eam aga inst the 

current, just off the t r ash bars less than 2 f eet below t he 

surfdce. Tur bidity may have obscured o bservati on of fish at 

deeper depths . Generally the fish moved upstream along the 

length of the intake area . Groups of fish would turn away 

and move out into t he forebay a n d then drop bac k downstream 

to repeat the upstream run along the trash bars. Altho ugh 
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tagged fish were not visually identifiable , signals from 

these fi sh depicted the same typ e of movements when they 

were along the trash bars (Figure 6) . Shad tracked d ur ing 

the evening an d night of 21 May indicated that all shad in 

the Yark Haven forebay do not continuall y swim al ong the 

trash bars. some individuals move o u t o f the f orebay and 

into the intake channel. 

a mile upstream . 

One s p ecimen (844) moved more than 

The exodus of shad from the York Ha ven Station appeared 

to be primari l y through spillage at a sluice gat e . Th i s 

gate is l ocated off the downstream side of the intake area 

and is opened primarily to pass debris that collects i n the 

forebay or is raked off the tras h bars (Figure 2) . Water 

passes through th i s slui c e gate and enters the tailrace just 

downstream of discharge area from the powerhouse units. 

This sluice gate was opened 9 times from 13 May t hrough 1 

August (Table 6). The duration of each sp i ll var ied fr o m a 

minimum of 0 . 2 to a maximum o f 29 . 5 h ours. A total of 14 

tagged shad left during these spill s (Table 6). The other 

tagged fish were not located at the proper time to determine 

their exi t route or ti me . 

The exit route and behavior of the tagged f ish ap peared 

to be typ ical of most of the shad concentrated behi n d York 

Haven. The water discharged through t h e sluice was clear 
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enough to observe fish passage o n at least fiv e days (Table 

6) . Counts of shad passage lasted from 30 to 50 minutes on 

these days . Large numbers of s h ad were observed passing 

through the sluice during the period of observation a n d down 

the falls both head first and tail first. A total o f 204 

shad was observed leaving during 3.3 hours of sp i ll (Table 

6). On one occasion approximately 25 fish which appeared to 

be river herring passed th r ough. 

The number of days that tagged shad remained behind 

York Haven was partially dependent upon the frequency and 

duration of the sluice gate spills. Six of the 23 fish 

(26%) that reached York Haven did not stay more than one 

day, however, 57% were held for a week or more, 35% more 

than two weeks and one fish (603) rema i ned almost 2 months 

<Tab 1 e 2). More than 50% of the tagged fish present exited 

during two different spills that lasted for a day (Table 6). 

However, it is not known exactly at what time the fish left. 

Observations indicate that a large number of shad util i zed 

the sluice immediately after the gate was opened. 

Estimate of Passage Mortality 

The additional monitoring of the fish at York Haven 

provided some data to estimate the mortality of tagged shad 

as they passed this facility. Twenty-two of the 
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twenty-three fish which reached York Haven were located 

downstream of this facility (Table 2 and Figure 4) . One 

fish (784) was present followi n g a sluice gate opening but 

was never located again. As mentioned previously most fish 

passed during times the sluice gate was opened (Table 6). 

However , some may have come through th e station or spilled 

aver the dam . Four of the 23 fish which reached Yark Haven 

ceased activity after passing the station ind icating 18% 

mortality due to passage <Table 2 and Figure 4) . 

Safe Harbor 

A total of 18 tagged fish reached Safe Harbor (Tab le 7 

and Figure 4) . Three of these shad passed the station 

without detection and were located downriver. Fish were 

p r esent at Safe Harbor from 9 May until 2 August. The 

arriva l of most fish coincided with the sluice gate openings 

at York Haven . Movement rates between York Haven and Safe 

Harbor were 1 mile per hour (range from 0 . 2 ta 3 . 6 mph) for 

most f i sh . Th e residency time of shad in the Safe Harbor 

area ranged from 1 to 61+ days, most stayed less than 25 

days . The reasons for these variations i n residency time 

are unknown at present. 

Most fish (8 to 9) were presen t during the week of 2 

and 16 June (Table 5) . As at York Haven, the f ish 
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congregated i n the forebay ; however, they appeared to be 

l ess confined to the immediate forebay and fr equent ly moved 

back upstream into Lake Clarke. Af ter reachi ng Safe Harbor, 

four fish (322, 464, 523, a nd 723) moved back upstream about 

four miles on at least one occasion . On 25 June, three of 

these fish were found within a tenth of a mile o f each 

other. However , this part icular group of fish was probably 

not a spawning congregation because of the late da t e (25 

June) and four untagged shad collected by gill net fr o m the 

forebay on the same date were spent females (Table 4 ) . 

The sluice gate at the Safe Harbor Station was not 

utilized by the tagged s had . The area of the sl u ice gate 

was monitored regularly at the time debris a nd water were 

spilled from 4 June t o 22 J une to determine the route of 

e xodus of shad . Twelve tagged shad were located in the 

forebay and in the immediate vicinity of the sluice gate 

during this period of monitoring (Table 7). None of these 

fish utilized sluice gate spills for passage. 

The di f ferences in utilization of t h e slu i ce gate s by 

the shad at York Haven and Saf e Harbor stations were most 

likely due to the design and operation of the sluice gates 

at the stati ons. Safe Harbor is situated per pendicular to 

the river and flow is pr imarily directly through the trash 

racks i n front of the generating units, not oblique l ike 
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York Haven (Figures 2 and 3). Deb~is 1s passed primarily 

via a sluice gate(s) located outside the forebay. Gates at 

Safe Harbor are lowered rather than completely removed and 

only pass about the top foot of surface water. Water and 

debris were usually passed for about 5 minutes, every day 

near midnight at Safe Harbor compared to sever al hours about 

once a week at Yor k Haven. 

The passage of shad from the Safe Harbor Station ~as 

primarily through the turbines. All but one (322) of 18 

tagged shad (94%} reaching Safe Harbor apparently passed 

through the turbines. This fish was still present in the 

forebay at the end of the study. Fixes on 12 fish were 

obtained downstream of the powerhouse~ the other 5 were 

regularly located in the forebay or impoundment and then 

suddenly disappeared. No stationary signals were obtained 

on these fish downstream of the powerhouse suggesting safe 

pass~ge. The failure to locate these shad later on may be 

due to less intensive monitoring at Holtwood and Conowingo 

and/or rapid transit past the three hydroelectric 

facilities. Only three fish (18%) were known to have died 

up on passing the Safe Harbor Station . However, it is not 

known whether this mortali ty was related to turbine passage 

and/or post-spawning . 
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One radio tag from a dead fi sh was recovered f rom a 

steep rocky bank 50 to 75 ft above the river . Bite marks on 

the transmitter and a few fish scales in the v i cinity were 

evidence of mammalian predation. 

Holtwood a n d Conowingo 

Tagged shad were not monitored as intensively at 

Holtwood (RM 24) and Conowingo <RM 10), but some infor mation 

on their behavior was obtained. At least nine s h ad reached 

Holtwood (Figure 4). The first fish (803) passed Holtwood 

around 9 May. The last fish was foun d dur ing the wee k of 14 

July . Th e most fish present in the Ho ltwood forebay at one 

time was two during the week of 26 Ma y (Table 5). 

The route of exodus at Holtwood is kn own for only two 

fish. One fish (744) passed thr ough a turbi ne because it 

was located in the forebay and later in the tailrace. The 

other used a sluice gate because it was located outside the 

forebay above the dam and later below the dam off the we st 

side of the Piney Island. Thi s island s eparates t h e 

tailrace ch6nnel from the spi llway area. 

Th ree of the nine fish known to have reached Holtwood 

died in the v ic inity of the station (Table 2 and Figure 4). 

The two fish discussed previousl y apparently died during 
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passage and another fish (341) ceased movement while i n the 

forebay. 

Four fish were found in Conowingo Pond (Figure 4) . Two 

of these were known to have reached Conowingo Dam. Fish 803 

was the first fish to reach Conowingo; this fish moved 

downriver from the release site faster than any of the other 

fish. It reached Lake Clarke <RM 40) in 3 days and 

Conowingo (RM 10) in 5 days . This fish was tracked by boat 

in Conowingo pond when it made its initial run downstream to 

Conowingo Dam (Figure 7) . It moved downstream along the 

west side of Conowingo Pond. It passed close to the intake 

area for Peach Bottom Atomic Power Station. When the fish 

arrived cit Conawingo it made several approaches, went deep 

at least one time and then moved eastward along much of the 

dam . Finally , it turned back upriver and was last located 

4 .5 miles upstream . It was not found two days later when 

Conowingo Pond was monitored by airplane . The other shad 

(504 ) was found in the vicinity of Conowingo on three 

occasions from 6 June through 12 June (Figure 4). It was 

located near the powerhouse and also near the e ast side of 

the dam . The emigration route at Conowingo was through the 

turbines because sluice gates are rarely opened at this 

facility to pass debris. No dead or live shad were found 

from Conowingo to t he mouth of the river (Figure 4>. 
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Conclusions and Recommendation s 

The r adio tracking study provi d ed infor mation o n 

post-stocking mor t ali t y, d i spersal, c ongregation , spawni ng, 

and turbine passage of stocked shad . Addi ti onally, 

behavioral observations were made of stoc ked shad at the 

hydroelectric stations along the lower Susquehan na Ri ver, 

especially at York Haven and Safe Harbor. Estimates of 

mortality associated with downstream passage were made at 

v,......,..l.• u-.\11""\..-. ...,, ..... ,.... c~~~ u ..,. .,.i,."\l""\lr' 
IUI r1~ I I C\VC' I I C\IIU WC\IC IIC\I IJUI • 

1. Stocking Mortality 

Post stocking mortality was minimal. Radio tagging did 

not affect the typical behavior of American shad and thus 

can be used as a va l id means to obtain relevant data in 

f utLlre studies . 

2. The Rate of Disoer~al 

Tagged fish dispersed rapidly from the release site in 

a downstream direction. The dispersal was continual for 

most fish. Tagged fish reached York Haven from 3 to 22 days 

after stocking, most arrived at York Haven (first 

significant barrier) in 9 days or less . Six fish {26%) took 

more than two weeks to reach York Haven . The simultaneous 

appearances of tagged and large n umbers of untagged shad at 
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York Haven indicates that rapid downstream dispersal was 

typical behavior of most stocked shad . 

3 . Areas of Congregation 

There was no evidence t hat tagged fi sh congregated in 

any specific areas prior to reaching the first barrier, York 

Haven. Nineteen of 23 tagged fish along with hundreds of 

other shad were located in the forebay of York Haven . Shad 

were abundant at Yor k Haven forebay from the week of 12 May 

through the week of 16 June. Shad also congregated at Safe 

Harbor. Fifteen tagged shad that reached Safe Harbor were 

located in the forebay or immediate areas . Shac1 vJere 

abundant at Safe Harbor from the week of 19 May through 7 

July. Fish did not appear to be as confined to the 

immediate forebay area at Safe Harbor as at York Haven, and 

some moved back upstream several miles. 

The concentrating effect of the hydroelectric stations, 

especially York Haven, appeared to be a positi v e aspect 

because this facility slowed down the rapid emigration of 

fish from the Susquehanna River. 

4. Spawning Areas 

Spawning was documented at York Haven. One viable shad 

egg al o ng with four "probable'' shad eggs were taken. 
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Runn ing ripe mal e a nd female shad were also collected at 

York Haven . Spawning was not document ed in the north branch 

of the Susquehanna River; however, some may have occurred 

between Nanticoke and Berwick. 

The concentration of shad at the York Haven facility 

appears to p rovide conditions that are con ducive for 

spawning . Young shad captured in summer 13 miles downstream 

of York Haven may be progeny of adul t s which spawned near 

York Haven; however, they could a l so be of hatchery or igin . 

The adult stoc ki ng p r ogram provided few shad t hat would 

have spawned in the north branch of the Susquehanna River. 

This is primarily due to the rapid dispersal of most shad to 

downstream areas. However, shad may be encouraged to remain 

and spawn in the upper river by restricting their downstream 

movements and concentrating them prior to release. This may 

be accomplished by an instrearn or stream-side holding area; 

however, flood conditions must be considered . These fish 

then should be released in large schools so that there is a 

greater probability of both sexes finding each other for 

spawning. 

Future sampling for young shad should be conducted near 

York Haven and downstream to determine r elative abundance of 

naturally produced young shad. 

to be found in this area . 

Young shad are mast li kely 
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5. Passage at Hydroelectric Facilities 

The York Haven facility co~cen trated most of the tagged 

and untagged shad as they moved downstream from the release 

site. Passage of shad at York Haven was primarily v i a a 

sluice gate at the downstream end of the forebay. 

Generally, this gate was opened several hours once a week to 

pass debris. Oblique flow across the trash bars in iront of 

the generating units discouraged shad from passing through 

the turbines. Retention time of shad at York Haven was 

largely dependent upon the frequency of the s l uice gate 

opening. 

The appearance of shad at Safe Harbor corresponded 

closely to the sluice gate openings at York Haven . Most 

fish traveled from York Haven to Safe Harbor in a day . 

passage at this facility was via the turbines. Little 

Shad 

mortality occurred due to turbine passage. Shad appeared to 

be quite mobile at Safe Harbor and frequently moved out of 

the forebay and upstream into the impoundment . 

Nine and f our shad were known to have reached Holtwood 

Station and Conowingo Pond, respecti vel y . Some of these 

fish were retained at both Holtwood and Conowingo stations. 

Sh a d exited Holtwood via the powerhouse and a sluice gat e, 

which is outside the forebay. 

through the powerhouse. 

Passage at Conowingo was 
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Est i mated morta l ity of adult shad assoc i ated with 

downstream pass age was lB'l. a t Yor k Haven . Mortali t y was 

also 18% at Sa~e Harbor , but whether th i s was d ue solely to 

passage is not known . The tagged fish at both facilities 

could choose their time and route of exodus and did not 

experience forced passage. 
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TABLE 1 

Monitor ing schedule Ind methods of t rAcking to determine .behavior of 27 adult 
radio tagged American shad released into the Susquehanna River near Tunkhannock , 
Pennsylvania,28 April - 5 August 1985. 

DATE 

28- 29 Apr 

29 Apr 

4 May 

5-6 May 

8 May 

9 Hay 

10 May 

10-11 May 

13 May 

14 May 

15 May 

16 May 

20 May 

21 May 

22 May 

23 May 

24 May 

25 May 

26 Hay 

27 May 

28 May 

29 May 

30 May 

31 Hay 

l Jun 

3 Jun 

4 Jun 

5 Jun 

6 Jun 

continued 

LOCATIONS MONITORED 

Rt . 87 Br1dge to Pittston (RM 230-196) 

Rt . 87 Bddge to Shickshinny (RM 230-171) 

Towanda to Holtwood Stat ion (RM 275-24) 

Tunkhannock to Berwick (RM 220-162) 

Rt. 87 Bridge to Columbia (RM 230-42) 

Columbia to Washington Soro (RM 43- 40) 

York Haven Station to Peach Bottom Station 
(RM 56-18) 

Fishing Creek to Conowingo St ation (RM 20-10) 

Rt. 87 Bridge to Conowingo Station (RM 230-10) 

York Haven Station to Conowingo Station (RM 56-10) 

Tunkhannock to Susquehanna Steam Station 
(RM 220-166) 

Lake Clarke (RM 40) 
York Haven Station (RM 56) 

York Haven Station (RM 56) 
Rt. 87 Bridge to Conowingo Station (RM 230- 10) 

Goldsboro to York Haven Station (RM 60-56) 

York Haven Station (RM 56) 

York Haven Station (RM 56) 

Washington Boro to Safe Har bor Station (RM 40- 32) 
Roltwood St ation (RM 24) 

Tunkhannock to Pittston (RM 220-196) 

York Haven Station (RM 56) 

Safe Harbor and Boltwood s t ations (RM 32 & 24 ) 

York Haven Station (RM 56) 

York Haven, Safe Harbor and Holtwood stat ions 
(RM 56, 32 and 24) 

Rt. 87 Bridge to Conowingo Station (RM 230-10) 

York Haven; S~f~ Harbor and Holtwood §fiEions 
(RM 56, 32 and 24) 

York Haven Station tailrace (RM 56) 

York Haven and Holtwood stations (RM 56 and 24) 

Holtwood (RM 56) 

Shickeshinny to Safe Harbor Station (RM 171-32) 
York Haven, Safe Harbor and Boltwood stations 

(RM 56, 32 and 24) 

York Haven, Safe Harbor and Holtwood s t ations 
(RM 56, 32 and 24) 

York Haven, Safe Harbor and Holtwood stations 
(RM 56, 32 and 24) 

York Haven and Safe Harbor stations (RM 56 and 32) 
York Haven Station to mouth of Susquehanna River 

(RM 56- 0) 

METHOD 

Vehicle 

Airplane 

Airplane 

Vehicle 

Airplane 

Vehicle 

Airplane 

Boat 

Airplane 

Airplane 

Vehicle 

Boat 
Shore 

Shore 
Airplane 

Boat 

Shore 

Shore 

Vehicle 
Shore 

Vehicle 

Shore 

Shor e 

Shore 

Shore 
Airplane 

Shore 
Boat 

Shore 

Recorder* 

Airplane 

Shore 

Shore 

Shore 

Shore 

Airplane 



TABLE 1 

Continued. 

DATE 

7 Jun 

8 Jun 

9 Jun 

10 Jun 

11 Jun 

12 Jun 

13 Jun 

14 Jun 

15 Jun 

17 Jun 

17-18 Jun 

18 Jun 

19 Jun 

20 Jun 

21 Jun 

22 Jun 

25 Jun 

27 Jun 

30 Jun 

1 Jul 

2 Jul 

3 Jul 

4 Jul 

5 Jul 

6 Jul 

7 Jul 

9 Jul 

10 Jul 

12 Jul 

13 Jul 

15 Jul 

continued 

29 

LOCJ\TIONS MONITORED 

York Haven., Holtwood and Safe Harbor stations 
(HM 56, 32 and 24) 

Hardsburg to Conovingo Station (RM 72-10) 

Saft! Harbor and Conowingo stations (RM 32 & 10) 

York Haven and Safe Barbor stations (RM 56 & 32) 

York Haven , Safe Harbor and Boltwood stations 
(HM 56, 32 and 24) 

Columbia co Safe Harbor Station (RM 42-32) 

York Haven, Safe Harbor, Holtwood and Conowingo 
stations (RM 56, 32, 24 & 10) 

Saft! Harbor, Holtwood and Conowingo stations 
(HM 32, 24 and 10) 

York Haven, Safe Harbor and Holtvood stations 
(HM 56, 32 and 24) 

Saft! Harbor to Holtwood Station (RM 32-24) 

Safo Harbor Station (RM 32) 

York Haven Station (RM 56) 

York Haven, Safe Harbor and Holtwood stations 
(RM 56, 32 and 24) 

Columbia to Safe Harbor Station (RM 42-32) 

York Haven Station (RM 56) 

Safo Harbor Station (RM 32) 

Safo Harbor Station {RM 32) 

Ber1.ick to Conowingo Station (RM 162-10) 

York Raven and Safe Harbor stations (RM 56 & 32) 

York Raven Station {RM 56) 
Washington Boro co Safe Harbor Station (RM 40-32) 

Safo Harbor Station (RH 32) 

Saf,e Harbor Station (RM 32) 

Saf,e Barbor Station {RM 32) 

Safa Harbor and Holtwood stations (RM 32 & 24) 

Saf,e Barbor, Holcwood and Conowingo stations 
(!RM 32, 24 & 10) 

Safa Harbor and Holtwood stations (RM 32 & 24) 

Con,owingo Station {RM 10) 

Saf,e Harbor and Holtvood stations (RM 32 & 24) 

Holtwood Station (RH 24) 

Col•umbia to Roltwood Station (RM 42-24) 

Yorlk Haven Station (RM 56) 

Yorlk Haven Station to Conowingo Station (RM 56-10) 

Saf,e Barbor and lioltwood stations (RM 32 & 24) 

Saf,e Harbor and Holtwood stations (RM 32 & 24) 

METHOD 

Shore 
Airplane 

Shore 

Shore 

Shore 
Boat 

Shore 

Shore 

Shore 
Vehicle 

Shore 

Shore 

Shore 

Boat 

Shore 

Shore 

Shore 

Airplane 

Shore 

Shore 
Boat 

Shore 

Shore 

Shore 

Shore 

Shore 

Shore 

Shore 

Shore 

Shore 

Boat 

Shore 

Airplane 

Shore 

Shore 



TABLE 1 

Continued. 

DATE 

17 Jul 

19 Jul 

20 Jul 

23 Jul 

2 Aug 

5 Aug 

30 

LOCAIIONS MONITORED 

Holtwood Station (RM 24) 

Holtwood Station to Conowingo Station (RM 24-10) 
Holtwood Station (RM 24) 

Safe Harbor Station (RM 32) 

Columbia to Holtwood Station (RM 42-24) 

Columbia to mouth of Susquehanna River 
(RM 42-0) 

York Haven Station (RM 56) 

• A chart recorder - radio receiver combination was used on a limited 
basis next to the forebay at the Holtwood Hydroelectric Station. 

METHOD 

Shore 

Boat 
Shore 

Shore 

Boat 

Airplane 

Shore 
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Movement pattern• of adult radio tagged American ahad atocked in the north branch of the Susquehanna River near Tunkhannoc.k, Pennsylvania (RM 217), April-Hay 1985. 

Partheat Distance Max_imum Travel 
Origin and Hoved in Rate Release 
Raleue Firat 8-24 bra• Dayao to Reach Days** at Site to York Last 
Dat e Fiah Number Sex Cm.ilea) York Saven York Haven Saven (mph) Laat Location Date Fate 

HUDSON RIVER 

28 Apr 432 F -+1 19 7 0.6 Lake Clarke (RH 29) 21 Jun Dead 
709 M ~2 - - 1.8 Sunbury (RM 122) 8 May Dead 
784 F - (22) l 0.6 York Haven (RM 56) 20 Hay Live 
844 F - 1 (15) 23 0.8 York Haven (RM 55.5) 9 Jun Dead 

5 May 603 M -8 (ll) (56) l.5 York Boven (RM 55.8) 5 Aug Dead 
624 M -9 12 32 1.4 Safe Barbor (RH 32) 9 Jul Live 
644 F - 35 (4) Cl) 2.2 Lake Clarke RM 40) 10 Hay Dead 
662 F -24 (11) 8 1.9 Holtwood (RM 24) 1.5 Jul Live 
684 M -20 (5) (1) 2.1 Lake Aldred (RM 26.5) 13 Hay Live 
723 F - 1 (21) 23 0.9 Lake Clar ke (RM 35.8) 25 Jun Live 
744 M + 1 9 7 0.9 Boltwood (RM 23.8) 3 Jun Dead 
764 M -36 - - 2. 4 Nanticoke (RM 179.5) 8 Hay Dead w 
803 M -51 (3) (!) 2.6 Conowingo Pond (RM 14.5) 11 Hay Live ...... 
822 M -22 (8) 8 1.3 Safe Bar bor (RM 32) 12 Jul Live 

14 May 304 F - 9 (5) 1 2.3 Holtwood (RM 23.9) 6 Jun Dead 
322 M - (19) (1) 0. 9 Safe Barbor (RM 32) 2 Aug Live 
341 M - 7 3 1.0 Holtwood (RM 24) 4 Jun Dead 
363 M -16 7 15 1.7 Conowingo Pond (RM 20) 5 Jul Live 
403 M - 8 (11) 10 0.9 Safe Harbor (RM 32) 17 Jun Live 
464 F - 7 7 15 1.9 Conowingo Pond (RM 17.5) 12 Jul Live 

Average - 16 ll l2 1.5 

CONNECTICUT llVER 

25 May 482 M + 1 (9) 15 0.9 Lake Aldred (RM 26) 23 Jul Dead 
504 M 0 (9) 2 I. I Conowingo Dam (RM 10) 12 Jun Live 
523 H + l 9 2 l. I Safe Harbor (RM 32) 25 Jun Live 
543 M + 1 (9) 15 0.9 Brunner Island (RM 55.l) 21 Jun Dead 
563 F - 7 - - 1.9 Mouth Juniata R. (RM 85.5) 21 Jun Dead 
583 F + l (19) 5 1.0 Safe Harbor (RH 31.4) 23 Jul Dead 
6448 F 0 - - 0.4 Shickshinny (RM 173.5) 3 Jun Dead 

Average 0 14 8 l.O 

• Furthest distance moved from the release site, negative values indicate downstream movement 

** Daya ar e actual for some fiab and approximate in parenthesis() for others depending upon the frequency of the monito r ing schedule 
Daya are genar ally vithin :t l day. 



TABLE 3 

Eggs and larvae taken by al-meter plankton net fished near the surface in the intake channel and the tailrace of the York Haven Hydroelectric 
Station, May 1985. 

Location Intake Channel Tailrace Total 
Date 22 May 30 May 
Time 0029-0044 2106-2121 2139-2154 2207-2222 2248-2303 
Water Temp (F) - 70 70 70 70 

Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae Eggs Larvae 

Species ~ 

American shad l - - - - - - - - - 1 
American shad* - - l - 2 - l - - - 4 
Minnows - - - 14 - 9 - 16 - 13 - 52 
Carp - - - 19 - 34 - 40 - 38 - 131 
Suckers - - - 1 - 1 - l - 2 - 5 w 

N 
Quillback - 8 - 3 - 4 - 3 - 2 - 20 
Sunfish Family - 1 - 3 - 4 - 29 - 125 - 162 
Rock Bass - - - - - 1 - 1 - 4 - 6 
Perches - l - - - l - - - - - 2 
Tessellated darter - - - - - l - 5 - 6 - 12 
Shield darter - l - - - - - 2 - - - 3 
Banded darter - 2 - 4 - 6 - 2 - 5 - 19 
Unidentified 2 16 l l 3 - 4 7 - 4 10 28 

TOTALS 3 29 2 45 5 61 5 106 0 199 15 440 

* These could not be identified positively as American shad, but likely shad eggs based on size 
(2.5 - 3.1 mm diameter) 



TABLE 4 

Spawning condition of American shad collected from the forebay area of the York Haven and Safe Harbor 
Hydroelectric stations, May-June 1985. · -

Location Date Length FL Weight(g) Sex Gonad Weight(g) Spawning Condition 
(mm) 

York Haven 21 May 477 1340 F 101 Running ripe 
483 1510 M - Running ripe 

M - Partially spent 
M - Partially spent 
F - Running ripe 
F - Spent 

22 May - - M - Running ripe 
F - Running ripe 

23 May - - M - Running ripe w w 

28 May 395 730 M 4 Spent 
.,, 509 1850 M 15 Spent 

431 900 M 9 Spent 
464 1340 F 76 Partially spent 
452 1050 M 24 Partially spent 
470 1280 M 39 Partially spent 
475 1350 F 59 Partially spent 
485 1590 M 27 Spent 

Safe Harbor 25 Jun 496* 1446 F 53 Spent 
507* 1843 F 9 Spent 
545* 1673 F 37 Spent 
425* 1332 F 4 Spent 

* Empty stomach 



TABLE 5 

Weekly minimum and maximum number of radio tagged American shad actually detected on each monitoring date in the forebay areas of the four hydro-
electric stations in the lower Susquehanna River, April-August 1985. 

YORK HAVEN SAFE HARl!OR HOLTWOOD CONOW1NGO 
Days Days Days Days 

Week Of Monitored Min Max Monitored Min Max Monitored Kin Max Monitored Kin Max 

28 Apr 1 0 0 1 0 0 1 0 0 0 

5 Hay 2 0 0 1 0 0 1 0 0 l 1 1 

12 Hay 3 l 7 2 0 0 2 0 0 2 0 0 

19 Hay 4 8 9 2 0 3 2 0 1 1 0 0 

26 May 5 6 7 3 3 4 5 l 2 l 0 ·o w 
~ 

2 Jun 5 3 11 6 3 8 5 0 l 3 0 1 

9 Jun 5 4 6 6 4 6 4 0 0 2 

16 Jun 4 l 5 6 7 9 2 0 0 l 0 0 

23 Jun l 1 1 2 6 6 0 - - 0 

30 Jun 0 - - 6 2 4 4 0 1 2 0 0 

7 Jul 2 l l 3 2 4 4 0 1 1 0 0 

14 Jul 0 - - 2 0 0 3 0 1 1 0 0 

21 Jul 0 - - l 1 I l l l 0 

28 Jul 0 - - l l l 1 0 0 l 0 0 

4 Aug 1 0 0 0 - - 0 - - 0 

TOTALS 33 42 35 16 



TABLE 6 

Number of radio tagged and untagged American shad that passed the York Haven Hydroelectric Station during spills of the sluice gate, May-August 1985. 
Dashes indicate duration of spills unknown. 

Date 

13 May 

20 Hay 

23 Hay 

28 Hay 

4-5 Jun 

7 Jun 

11 Jun 

17-18 Jun 

1 Aug 

TOTALS 

Total Time Sluice 
Gate Opened (hrs) 

).5 

4 

0.2 

23.0 

0.7 

29.5 

Time That 
Number of Tagged Fish Fish were 

Present Prior Passed during Counted during 
To Spill Spill The Spill (hrs) 

l 0 

9 l ())* 0.8 

8 3 0.8 

7 0 

10 6 0.5 

5 0 

3 0 0.7 

5 4 (l)* 0.5 

(1)*** 

3.3 

* 
** 

Absent from York Haven Hydroelectric Station the day after the spill; however, exit via the sluice gate is uncertain 
Approximately 40 American shad and 25 herring 

*** A single tagged shad remained at York Haven Hydroelectric Station after 18 June. It was found dead in the tailrace 
on 5 August; exit via the sluice gate is uncerta10 

Number of Fish 
Counted Leaving 

3 

48 

53 

40 & (25)** 

60 

204 

w 
u, 



TABLE 7 

Residency time of radio tagged American shad that reached the Safe Harbor Hydroelectric Station in 1985. Numbers in parenthesis are approximations 
based on other location determinations and/or movement rate. 

Dates 
Assigned Last Locate-d - -- Arrival 
Fish No. at York Haven Safe Harbor 

432 23 May 27 May 
624 17 Jun 18 Jun 
662 23 May 27 May 
684* (11 May) (12 May) 
723 17 Jun 18 Jun 
744** 20 May (21 May) 
803*** (8 Hay) (9 May) 
822 20 May (21 Hay) 
304 20 May 24 May 
322**** - 3 Jun 
341 23 May 24 May 
363 4 Jun 5 Jun 
403 4 Jun 5 Jun 
464 4 Jun 5 Jun 
482 17 Jun 18 Jun 
504 4 Jun 5 Jun 
523 4 Jun 5 Jun 
583 17 Jun 18 Jun 

* 
** 
*** 

Located at RM 112 on 8 May, next located at RM 26.5 on 13 May 
Located at RM 56 on 20 May, next located at RM 24 on 24 May 
Located at RM 42 on 8 Hay, next located at RM 20 on 10 May 

Maximum Movement 
Rate (mph) York 
Raven-Safe Harbor 

0.4 
0.9 
0.8 
-

0.9 
-
-

3.6 
0.2 
-

0.9 
1.1 
0.8 
0.8 
0.9 
1.1 
1.1 
1.8 

**** Fish suddenly appeared at Safe Harbor Hydroelectric Station, it was previously located 
on 15 May at RM 215. This fish was still active at Safe Harbor Hydroelectric Station 
when study was terminated 

Date 
Last Located Daye at 
ar Safe Harbor Safe Harbor 

7 Jun 12 
9 Jul 22 

27 May l 
(12 Hay) (1) 
25 Jun 8 

(21 Hay) (1) 
(9 May) (1) 
12 Jul 50 
3 Jun 11 
2 Aug 61+ 

24 May l 
27 Jun 23 
17 Jun 13 
27 Jun 23 
13 Jul 26 
5 Jun l 

25 Jun 21 
11 Jul 25 

w 
O'\ 



THREE MILE 
ISLAND 

FIGURE 1 

.,· 
·: : 
• f ~ _, 
.i 

I 

YORK HAVEN STATION 

RIVER MILE 
56 
+ 

i 

FOREBAY 

• ,! 

:i' · .. 

, .... , 

; .f INTAKE CHANNEL Zif . 
.... 

.... : t 

+ RI VER MILE 57 
,I ., 

BASHOREYl} 
ISLAND · :-

, 

.... -

- i . 

Sampli ng locations for meter net ( • ) i n t he vicinity of the Yor k Haven 
Hydroelectric Station with main f l ow patterns (arrows). 



38 --
\ SLUICE GATE 

1A1LAAC£ 

100' 

rlGURE 2 
Main flo~ patte<ns (a<<o~s) in t he vicinity of the Yo<k Raven Ryd<oel ect<ic 

Stat ion and forebaY· 



FI.CURE 3 

-·: ,. : ;. ·, .,, 
1 , .. ; , ... ,I 
·~{ ·. ,,· . ( 

V> 
1.1.J 
l­
e( 
<.!) 

w 
u ..... 
::) 
_J 
V> \\ 

?0'1\t.R\\()\lS t. __ ... 

FOREBAY 

Gill net 

RIVER MILE 
32 
\ 

; 

l ~ ~·· "'..-; ~) 

J -·~ t::1 
• ·\'(' 

~'-~y, ·~~j 
(r I 

ff.,; , 
.. ,~· 1 

:· ;, . . .,. 

tl ' , . t 
. • " r 
"; ~ ,· ... ,, . ~-,, 

\t,:~.1 
ll:~ 

1J.,. 
\.th: 

•• "t . 

lf RI VER Ml LE 33 

•. ,, •. / f 
" ·:ll I 
.,., t ! 1- ) • t 

• t).,\ "o l 
,.),M .. "1 ,• . 

~<. ~ I • 

t,! 
~,'{ 

.: ? 
' . . 7J 
• > 'I' 
• , IT 

: J 
I ;! 
, ,.,, .... 
"9 

!:» 

, · ,. f 

i_l, . ., . " 
• j . j'! . f,' :, 
. if ·. c~ ... 

..J. f ::· 

.,, .. ~ . 

1'i 

f'\A1AJ fLo'IA.I pl}-rr1:.R.1v~ CAR.R.Pw-!l) f'Nh &,u_ JJ£r SIIM/h/w5 J..Pc.nnoµ /N r,..;g v1c1AJ1ry OF r1..JE 
SAFE. HAR.dpR.. H1jMbE1..Et!r~ic. srnnot,J. 

w 
\D 



R 
I 
V 
E 
R 

M 
I 
L 
E 

,so 

75 

I 
~ 

YORK HAVEN 

SAFE: HARBOR ~I]~ 
__ SOLl:WQOO____ ~~l~l~~~ 

' ------ ------- ----------------~ ----~-
CONOWINGO 

-{- -T- -

I -1- -•- -
--------------------------------------------------------------•--•-------

0 

7 
6 
4 

FIGURE 4 

6 7 5 
4 0 6 
4 9 3 

7 6 
8 0 
4 3 

8 5 
4 4 
4 J 

6 3 
4 2 
4 2 

4 
0 
.3 

5 
2 
3 

6 
2 
4 

7 
2 
3 

8 
2 
2 

FISH NUMBER 

5 
8 
.3 

4 
3 
2 

6 
8 
4 

4 
8 
2 

3 
4 
1 

6 
6 
2 

3 
0 
4 

7 3 
4 6 
4 .3 

4 
6 
4 

5 
0 
4 

8 
0 
.3 

Locations of 27 radio tagged American shad (X) following stocking in the Susquehanna River near Tunkhannock, PA 
(RM 217), April and May 1985. Cessation of fish activity= 0. 

+" 
0 



250 

200 

R 150 
I 
V 
E 
R ] 
M 
I 
L 
E 100 

so 

0 

25APR 

FIGURE S 

SRAFRC SI--r.AD TELEMETRY - 1955 

ALL FISH· BY DATE AND LOCATION 

Dispersal patterns of four groups of r adio tagged American shad released in the north branch of the 
Susquehanna River near Tunkhannock (RM 217), Pennsylvania, April-May 1985. Days to r each each hydro­
station are also shown. 

RELEASE SITE ---------------------------- -------------- ---

\~\ \ \\ \ \\\ \ \ \ \\ ~ 

OSMAY 

YORK HAVEN 
--=...._,..__---k-..,__.--__,_ __ -+__...,_ ___ ~--..---~--------- - - - - - - - - - - - - - - -

15MAY 25MAY 04JUN 

CONOWINGO ------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

14JUN 

DATE 

24JUN 04JUL 14JUL 24JUL 03AUG 

~ ...... 



TAILRACE 

FIGURE 6 

42 

YORK HAVEN STATION AND FOREBAY 

\ 

100' 

2052 h 

O 1549 h 

0 2052 h 

0 1830 h 
' I 
I 

{, 

0 0100 h 

Example of dominant movement pattern of American shad when observed 
in the forebay of the York Haven Hydroelectric Station. This particular 
track is for radio tagged American shad number 603 located at approximately 
2 hr intervals ( 0) and intensively followed from 2301-2337 h ( • - - -• ) 
during the late afternoon and night of 21 Hay 1985. 
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EXECUTIVE SUMMARY 

1. Fixed aspect and mobile hydroacoustic monitoring 

demonstrated the ability to monitor shad movement 

continuously over long periods of time . 

2. Real-time data were generated on site during the study. 

3. The display screen allowed for visual on site observation 

of fish behavior and immediate modification of procedures. 

4. The direction of fish movement and location in the water 

column can be seen on the display screen. 

5. Mobile surveys at York Haven found no concentration of fish 

throughout the entire head race and forebays. Fish were 

only seen near the corner of the forebay by Unit 1. 

6. Shad move into the York Haven forebay area during the 

evening-hours as shown by overnight and 24 hour hydro­

acoustic surveys. 

7. American shad juveniles moved downstream in pulses as shown 

by the hydroacoustic real-time surveys . 

8. At Safe Harbor shad (American and gizzard) concentrated 

along the outer wall above the openings into the forebay. 

9. The on-site capability of the hydroacoustic equipment used 

by Barnes-Williams would allow an investigator to design 

and modify a testing procedure to evaluate shad movement 

at York Haven . The real-time data and visual display are 

essential for this purpose. 
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IN_fR0DUCTTON 

Barnes-W l l l iams Env irc,nm1.."'n tal Con :su 1 tan1..!: was retained 

to design -:ind condu" t a hydroacoust.ic survey and assessment 

regarding the dnwns~ream migration cf juvenile American shad ~t 

Y0rk H-3Vl:'l1 Dam, York Haven, Pennsylvc1nia and Safe [farbor Dam , 

Safe Harb0r , Pennbylvania . Gpeciflcally, the primary objectives 

of this study were two fold: first to accomplish all field work 

necessary to p~rmit the subsequen~ evaluation of hydroacoustic 

analysis for studying downstream outmigration of juvenile 

American shad. G~condarily 1 wit},i n the sco1pe and time frame of 

tho hydro,'l~oustic evalnat j (')n pn,gr-3m, determination of the 

verti cal an·I 1v,rizontal dist:·ibuti on of American shad ns Lhe~· 

approach t.he Yur.k H~1nen Dam and Safe Harbor Dam in order tu 

iri'3nt ify behav.ior ;inn cr1u:;es for I ;:ati :::ular distribution of shad 

was elso ~ n objeGti·re of the fi e l d ~~.udy. 

In thi;; report we briefly rl'3sc:r-ibi:, the n'3ns-:>r/ 

processor components, its th0ory of o peretion, the methods 8nd 

objectives of the study, and demonstrate the results along with 

some preliminary analyses. 

BRIEF DESCRIPTION OF EQUIPMENT AND OPERATION 

Figure 1 and la are simFljfied blo~k schematic di~gr3m 

of ~he sensor/processor an~ data proc~ssing systems. 

The technique of hydro~coustics izn·olves propagating 

sound en~rgy '' ... and then processing the received echo signals 

t.o estimate fish density''. 

The acoustic equipment produces an eloctrical signal 

of a specific carrier frequency, amplit11dA , and duration at the 
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te!"mj nals of a tr..inaducet·, "'hich c:onv'9rts the electrj -:al slGI al. 

in to a dynamic preo;;s1Jre wave of a rorre~pond.i.ng f rr.~quency, 

amplitude. and duratiJn. Th~s acoustic signal, or pulse, is 

radiated from the tra~sduc~r and spreads spherically in water . 

Th~ radiatsd energy is greatest al~ng the transduc~r acousti~ 

axis (the ax:is of maximum tl'ansduc~r si:-nsitivity), and varies 

off axis as a function of the transducer's directional 

properties (directivity). Also, the physical properties of 
J 

wat'9r cause '7\bsorption of the radiated pulse energy; thus, t.hE= 

sound intensity is attenuated exponentially as the pul~e spreads 

away from its source. 

Wl-1en the pulse encr·,un ters ;:in object. or targr:-t whose 

acoustic Frc•perties an, dif f,,rent i rum those of water, a portion 

of the acou~tic energy is reflected or scattered back towa~d the 

sourc'!:'. Thi!"i r":lflc::i:ted, or bacl~s c"lt1,ered, energy also sprf'lc.1iE" 

sphE·rically , is snb,iect to at,tenualion, and varies in streug t· h 

with the i:,rientation of t11e '-Jar~e1 au:i as a functj on of t.h~ 

target's directivity. When the backscattered energy or echo 

impinges on the transducer, an electrical signal is produced 

which is handled by various methods to indicate the presence of 

the target. 

The scattering characteristics of a single fish are of 

primary concern, particularly the scattering cross section of 

the fish as viewed above (dorsal view). The fish's scattering 

characterJstics or cross section are a function of its 

orientation. When normalized to a standard reference, the 

scattering ~ross section is call~d the ta~get strength. 
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Information in the electrical signal received at the 

transducer may be contained in phase variations, amplitude, 

frequency, duration, and the time delay between signal 

transmission and reception. Because the physics of sound 

propagation in water and the limited practical knowledge of 

hydroacoustic scattering from fish targets inhibit phase 

processing (except under special circumstances), the information 

concerning the number of targets that produce an echo must be 

derived from the r~m~ining characteristics. For example, if a 

single fish target were insonified, the echo signal would have 

(in addition to a particular amplitude) a time duration on the 

order of the transmitted pulse duration. If several targets 

were packed tightly togethBr, the echo-signal envelope (the 

curve whi ch bounds the peak arnplitudBs of the echo signal) would 

have a larger amplitude than a single target, but would still 

have a time duration on the order of the transmitted pulse. 

Conversely, if the targets were uniformly distributed within an 

insonified volume, the echo-signal envelope could have a time 

duration considerably longer than the transmitted pulse, as the 
I 

target echoes would be arriving in a random sequence. 

The fundamental requirement for echo counting is the 

combined ability of the hydroacoustic apparatus and the 

received-echo signal processor to resolve or distinguish between 

the objects to be counted, and then to perform the counting 

function. 

The resolution of targets refers to two coordinates: 

range (depth) and angle. Range resolution refers to the 

separation of targets at the same angle (referenced to a 
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I: 4i,tween th&m. Augle rE:::solu t .1.,,11 1·1~fers t.o t.110 angu l a1. c;eparation 

c,f l::irgets at the. same r:inge, anc.l is ,.,xpres!:'"ud in te::rms of t.he 

ung)6 between them. 

In addition to the basic consideration of target 

resolution, there are other vital practical factors thaT. must be 

recogni~ed, especially when fish are the targets of interest. 

Consij~r the situation depicted in Figure 1, which schematically 

shows two fundamental interacting elements in an underwater 

acoustic environment: the transducer and a single fish target. 

The directivity of the transducer determines the acoustic energy 

, projoc~a<l and receivad as a function of the &ngl& between the 

targt:t fish and a,:oustj c c1xis c,f t.he transducer. The m:iximum 

ener~y is on the acoustic axis and diminishes off &x~~. If 

therJ is little or no knowl~dg~ of ~1e tacks~atl&ri~g properties 

of the fish targe~ (exc&pt p~rnape that a sj~gld lard~ ii3h 

returns R larger echo signal ~han a single small tish1, then it 

is pc ssi ole that a single la1·gE: fish target off ax1.::: n.oy produce 

an echo si~1al smaller that or ~qual to the signal produced by a 

small fish directly on axis. Indeed, the differen~es in the 

echo signals are related to the size and position of the fish 

target. 

Transduce r directivity characteristics are 

convaniently measured under co1Jtr0llt:,d condition . The beamwidth 

ang)e of the directivity function is the angular width betweeu 

the acoustic axis of th~ transdu~er and the points at which a 
, 

reference acoustic intansity is reduced to 0.5, 0.1, or some 

other arbitrary number. 
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Differences in the echo signals are also related to 

the body composi tion of the fish, i.e, its density. If the 

target fish has a swimbladder, complications in interpreting 

the echo signal may arise because the state of the fish's 

swimbladder and its attitude to th~ insonifying wave affect the 

fish's target strength. 

In theory , the acoustic echo signal is the product of 

the average target density and the average of the individual 

backscattering characteristics of the insonified targets. 

Serial estimations of target density should therefore be 

proportional to the number of the insonified targets. Howev~r. 

data obtained from an echo integrato r r epresents energy 

scattered not only from fish targets, but from other scatterers 

in the insonified volume (e.g., plankters, air bubbles, debris) 

as well as from other sources of extraneous noise 

The acoustic/sensor processor described in the 

Materials section is capable of producing useful indices of 

target flux density f or either single (resolved) or multiple 

(unresolved) targets. The correlation be.tween actual target 

enumeration and the processor derived estimation is a function 

of fish target species and size and velocity in the detection 

zone of the acoustic sensor. The last two parameters can be 

easily changed in the processor at the option of the observer in 

near real-time. 

The statistical calculations combined with the 

histogram plot provides a powerful method to assess the 

applicability of the current processes, methods and assumptions 

used to calculate the number or weight of insonified fish 

targets. 
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METHODS - OPERATIONS - OBJECTIVES 

The areas chosen for ~he study were the forebay areas 

of the York Haven Power Station and the Safe Harbor Power 

Stations (Figures 2 and 3). The weather in the area was mild 

with frequent light rain. Current patterns in both the York 

Haven Station and the Safe Harbur Station were dependent on 

operation of the generating units. No study of current velocity 

and pattern changes has been done, but some obvious changes 

in the direction and velocity of water movement in the forebay 

occurred as generating units were brought on-line and taken 

off-line. 

Mobile surveys were done at both locations from a 

covered outboard pontoon boat . Surveys were successfully done 

in calm water at estimated speeds of 3 to 5 knots (Figure 3 and 

4) . Electric power (115 VAC) was supplied from a portable 

gasoline generator. 

Fixed aspect surveys were conducted at both locations. 

At York Haven bottom to surface (Transducer mounted at the 

bottom of the trash racks directed upward) surveys were 

conducted at several l ocations along the intake trash racks 

(Figure 2). In addition, one survey was conducted scanning 

horizontally from a l ocation a l ong the catwalk. 

At Safe Harbor overnight surveys were done in two 

lo~ations (Figure 3) Because of the intake configuration 

surface to bottom hydroacoustic surveys were done. 

Pre-survey set-up and calibration was conducted with 

the equipment during the week of October 7 to 11, 1985 in the 

Barnes-Williams Environmental Consultants Binghamton, New York, 
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office. The following week set-up, field calibration and data 

collection was initiated at the York Haven Power Station 

Approximately 12 daytime hours hydroacoustic samples were taken 

at Units l, 3, 4, 16-17. In addition, 24 hour collections were 

taken at Unit 3. Hydroacoustic monitoring of the trash sluice 

during a spill and mobile surveys were done. The mobile surveys 

were done on two consecutive days, in the afternoon to early 

evening and in early morning. 

During the week of October 28 to November 1, 1985 

hydroacoustic surveys were conducted at Safe Harbor. Among ·the 

specific objectives was the examination of fish behavior at the 

training wall that borders the intak~ forebay . 
. 

Cast net samples were taken throughout the 

hydroacoustic study period to verify the presence of American 

shad in the York Haven and Safe Harbor forebay areas. American 

shad were found at York Haven throughout the study period. 

American shad and gizzard shad were found at Safe Harbor. 

This report is divided into two sections: Evaluation 

of hydroacoustics as an applicable technique f or the American 

shad restoration program. The discussion in this section will 

be limited to hydroacoustics, and its use at York Haven and :Safe 

Harbor. The second part will examine the information collec·ted 

at the two sites. The secondary objective of examining 

behavioral and distributional characteristics will be addres:sed 

to extent possible . 
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f...EI.l • 0ab.i l i ~nd . .Jd..§•?f11ln,:,!l ~ _•)f __ htdlC acoustic_ c.1H.:1 l:t...3 i L f c.r 

.§tud•,_ing dc,wnst!'eam l)Llt.n,1grat!_!.1n ...QL.ild.Y!2!lile Amel'itJan r;_bad 

This was the vrim3ry objective of t~c 1985 

hydro3~oustic ~rogram at Safe Harb0r. Tha fix~d aspect testing 

demonstrated the capacity of the technique ~o monitor the 

movement of juvenile shad over long periods of time at a 

particular location. Hydroacoustics has the advantage of being 

able to "look" at a segment ()f the aquatic habit.at ccntinuously 

whereas typical evaluation techniques are not capable of having 

this continuity. For example, with hydroacoustics observations 

over hours, days or weeks are possibie. Real time data is 

• gene!·ated thro ughout the selected suJ·vey period. Position and 

moverr.ent of fish can be obset·ve,d dir~ctly on the display screen 

immediately, allowing the trained observer to see whei·e the fish 

are and how they are behavini:; during all conditions -that. occur 

at tl ie si ta during the survey period . This c3pabili ty, where 

deemed appropriate, allows the modifications in th~ program to 

obtain additional data . In addition, magnetic tapes of the 

field surveys can be made for revie~ at a later time. Real time 

data printouts that describe the various aspects of the 

hydroacous-tic survey are provided for the predetermined survey 

The fol lowing sample data sheet shows the information 

supplied and the resultant data that is generated. 
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U'1 
I 

U'1 
w 

YORK HAVEN ~1 UNIT 3 
A·oustic Sensor 

.!KQI!EN CVS-880Ql 
Acousti,:- Si~nal 

TransmLtter Carrier Frequency (KHz) 
Attenuation Constant (Nepers/Heter) 

f.I:9~Q.t (8~/275·2) 
20U 

Source Level (micropascals at 1 Heter) 
Receiving Voltage Response (Volts/Hicropascal) 
Output Power 
Sensitivity 
Range Select 
Maximum Sampling Range 
Minimum Sampling Range 
Sampled Depth Interval 
Transmit Pulse Time Interval 
Seconds/Insonification 
Analog Daia Tape ID/Analog Recorder Counter 1 
Volume Backscatter Threshold (/Cubic Heter) 
Data (Julian Day) 

ACOUSTIC DATA SET NO. O t 10 

9.78E-03 
l .OOE2 1 
7.0eE-10 
B3 
4 
10 Meters 
5.9 Meters 
1 Meter 
4.9 Meters 
0.3 Hs. 
.16 
0 -AP./0 
l.23E-06 
0 

6 
E~timated Targ~t Velocity M!Sec 

19.7 
f~ 

(-20Dbl Transducer Detection Zone Beamw1dth(Degrees) 60 .2 
Integrated Transudcer Directivi~y (/4ffSR) 9 .95E-03 
Sampled Time Interval (Seconds) .6 
Sampled Volume per InsonificationCCub1c Meters) 16.87 
Sampled Area per Insonification(Square Heters) 10.32 
Start Time Hr :Hin. :Sec. 19 ,34:00 

VOLUME BAGKSCATTERI/CUBIC METEB.li.l 
Sample Running Internal 
tlumher Mean CV CJS Mean CV Cl~ 

:,(I 3.64E-0£ .15 .04 
100 3.61E-06 .13 .03 
150 3.S6E-06 .1 2 .-02 
200 3.55E-06 .ll .02 
250 3.SSE-06 . 11 .01 
300 3.54E-06 .11 .01 
350 3 56E-06 .13 .01 
400 3. 56E-06 .14 . 01 
450 3.SSE-06 .13 .01 
500 3.54E-06 .13 .01 
500 3 . 54E-06 .13 .0 1 

Time Hr.:Min.:Sec. 
Number of Acoustic Samples 
Sampled Volume (Meters t3) 
Sampled Area (Meters t2) 

3.64E-06 
3.58E-06 
3.47E-06 
3.4~E-06 
'3. 57E-06 
3 52E-06 
3.63E-06 
3.58E-06 
3.44E-06 
3 . 49E-06 
3.49E-06 

.15 .04 

.11 .03 

.09 . (1::: 

• 07 . 1)2 
. 11 • 03 
. 11 . 03 
. 21 .Ob 

.. 15 • 04 
.09 .03 
.07 .02 
. 07 . 02 
19:52:13 
500 
8435 
5160 

DJ::'l'RJ BtlTFitl OF VuLUHE. '2A,;i\SGATTER 
lnterv3l of Volume Relative Frequency 

Backscatl,'llr ~ut..ic Heter J < Percent. l 
l.23E-06 

0 
2.47E-06 

99 
4.95E-06 

9.91E-06 
I l 

0 
1.98E-05 

0 
3.96E-05 

0 
7.92E-05 

0 
l.58E-04 

0 
3. 17E-04 

CJ 
6.34E-u4 

0 
1.26E-03 

0 
2.53E-03 

0 
5.0?E-03 

DATA SET ANALYSIS 
1. Mean volume backscatter was 3.54E-06 ± 1.1~ (0.95 

Confidence). 
2. Values of volume backscatter within a factor of 4 . 0 of the 

mean occured in 100% of the acoustic samples. 
3. Values of ~olume backscatter within a factor of 2.0 of the 

mean occured in 99 6% of the a coustic samples. 
4 . Values of volume backscatter within a factor of 1.5 of the 

mean occured in 99~ of the acoustic samples 
5. The total number of acoustic samples was 500. 
6. Signals at or above the volume backscatter threshold of 

l.23E-06/Mt3 occured in 500 or 100, of the acoustic samples 
7. No signal was detected in O or 0% of the acoustic samples. 
8. Signals below the volume backscatter threshold of l.23E-06, 

M+J ocurred in O or 0~ of the acoustic samples. 
9. The total sampled volume between 1 and 5.9H is estimated t, 

be approximately 8435 Ht3 . 
10. The total samples area at 3 45H is estimated to be 

approximately 5160 H 2. 
11. The mean density of targets with a mean scattering cross 

section of &.8 CHt2 {15CM long clupeidae) ~ 12% (0.95 
Confidence) is estimated to be .027/H+3 ~ 12 .1% (0.~5 
Confidence). 

12. The total number of targets in the sampled volum~ is 
~•timat~d to bo 34 ~ 12 .1, (0.9~ Confidence). 



The data set analysis examines the hydroacoustic data 

(volume backscatter) and analyzes it for several statistical 

parameters. On the sample datasheet the targets (fish) were all 

of comparable size giving a very consistent, uniform volume 

backscatter signal. This information ~an then be converted to a 

useful index of the number of fish in a given area, or volume. 

Photographs were taken of the display screen 

throughout the study period for the purpose of illustrating the 

capabilities of hydroacoustics in the shad restoration program. 

Photograph l illustrates directional movement of the fish. 

Note the diagonal signals on th~ display screen. These signals 

were caused by fish moving toward the surface as they crossed 

through the hydroacoustic beam. It is easy to see how fish 

moving toward or away from the transducer produce images like 

this. A transducer correctly placed would supply directional 

movement information at any power plant site. 

Photograph 2 taken at York Haven depicts a typical 

screen with no target at all. The water depth is approximately 

6 meters. The broad line between O and 1.7 meters is at the 

bottom of the trash racks and represents the face of the 

transducer. The lipe at 6 is the surface of the water. The 

area between these two lines, the water column covered by the 

hydroacoustic beam, is clear and devoid of targets. 

Photograph 3 shows a split screen with fish targets in 

view. The lower half of the screen is just an expansion of the 

upper half expanding the ~mage for closer observation. This 

mode might be used for closer examination of a particular layer 

in the water. 
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Photograph 4 depicts a situation in which many fish 

were observed. All of the signals between the surface and 

bottom lines represent fish (American shad juveniles). Fish 

were observed visually, as well as hydroacoustically, throughout 

the forebay area when this photograph was taken. 

Mobile surveys were done at both York Haven and Safe 

Harbor. Photograph 5 shows a segment of the mobile survey at 

Safe Harbor. Note the high density of the targets (fish) in the 

2 to 6 meter depth range and th~ lack of targets below 6 meters. 

This survey was done along the outside of the training wall that 

surrounds the intake forebay. It can easily be seen how 

effective thi~ equipment is for locating fish concentrations jn 

these areas. It would be difficult, if not impossible, to 

obtain this type of information by the use of conventional 

means. 
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Behavioral and Ilis:!--ributiona_l Characti:?rj.:;;J_j._c_~ 

· Mobile surveys were done at York Haven on two 

successive days (October 22 and 23, 1985) The first survey was 

done in the late afternoon and early evening . Transects were 

run throughout the intake forebay area (Figure 4), out to the 

junction of the forebay with the main pool, Lake Frederic. No 

concentrations of fish targets were seen during the surveys 

except in the corner of the intake forebay near Unit 1 

(Figure 5). Early the next day, October 23, '1985, another 

mobile survey was run of the same area, with the same results. 

Other sampling programs were going on at the t.ime of the late 

afternoon-early evening mobile survey. Trawling, with 

experimental equipment, was being done by biologists from the 

State of Maryland in an effort to test their gear and 

, electroshocking was being done by personnel from RHC to collect 

.fish for their tag development program . Neither of these groups 

were very successful in collecting juvenile American shad. The 

trawling effort yielded no fish and the electroshocking 

collected fish in the area that the hydroacoustic survey had 

identified as having them . Very few juvenile shad were in the 

forebay area on this occasion. 

In an effort to gain more information about the 

movements and behavior of the outmigratjng shad, an overnight 

hydroacoustic survey was done on th~ night of October 22, 1985. 

A transducer was set from the catwalk along the cable passageway 

at the end of the intake forebay aimed horizontally toward the 

trash racks. Photograph 6 shows groups of targets that came in 

later, around dusk. The red band on the screen represents the 
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transducer face. The photograph has b~en oriented in the same 

direction as the transducer placement. An apparent increase in 

the number of fish in the forebay occurred during the evening. 

However , it can be seen that the fish targets are located within 

the first 10-12 meters from the dam at this time. The mobile 

survey the next morning showed that there were very few targets 

in the forebay. In addition, a very small amount o f dimpling was 

seen on the surface of the forebay waters . Dimpling by American 

shad juveniles is indicative of their presence . 

The hydroacous~ic surveys done at the intake trash 

rack show some locational characteristics about the outmigrating 

shad at York Haven. Fc, r most of the study period at York Haven 

the juvenile American shad were not available in large numbers. 

However, on October 24, 1985, the evening following the mobile 

surveys, large numbers of juvenile American shad began to move 

into the forebay area. Fish could be seen dimpling all over the 

surface of the forebay, and with the use of a large flashlight 

juv~nile shad could be seen below the surface of the water in 

substantial numbers. Hydroacoustic surveys were done at Unit 3 

during this period. On Thursday night, the following evening 

the fish (target) concentrat.j on was much less than the previous 

night. 
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Yorl,; Haven datu gathering Wi:\::; directed primarily at. 

the demonstration of the applicability of hydroacoustics as a 

tool for use in the American shad restoration program. However, 

a substantial amount of useful information about shad 

concentrations, location and movement during the study period 

11as gathered. 

The first such surveys were done during the first week 

d the study (October 14 - 18). First it must be understood 

that all numbers presented in this report must be considered as 

representation of the fish numbers and not absolute. The 

~ration and nature of the surveys dictates this approach, 

although the statistical analysis of the hydroacoustic data 

(volume backscatter) shows that.the data is for the most part 

very good. 

Hydroacoustic surveys were done for 24 hour periods in 

front of Unit l, 3, and 16 - 17. 

On October 17, no fish were detected in the vicinity 

d unit 17 - 18 at York Haven. The information represented by 

~e flux density shows the number of targets passing through a 

'window" per unit time. 

Total No. of Targets 
Hux Density = 

Sampled Cross Section X Total Observation Time 

The "window·· (sampled cross section) is the area seen by the 

transducer. 
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At Unit 1, durine, 1he same week (October lti) a very 

small number of fish WPr~ see~ ( .014 targets per square meter 

per hour). On October 18, 1985 a controlled spill was run at 

th~ trash sluice to examine its potential as a means of passing 

snad around the powBr station withnut having them go through the 

generating units. During this test the f l ux density was equal 

to ~:. 60 targets per s,1uare m<:ter per hour . The number taken as 

an inrlex of t.h1=1 number of f j sh that passed thro11g h t .he s lu.i ce 

d11d.r1g th'3 test means t.h:-,r r,,ppr,:iximat~ly 11 fish per hour passed 

through the open sluica. 

Overnight (24 hours) samples were done at Unit 3 on 

two (2) consecutive days the following week (October 23, 24). 

The first day, October 2 J , 1985, using the flux density as 

representative of the ntimber of fish index, fish were observed 

at Unit 3 passing thr0ugh the ensonified area a~ a rate of .11 

fish per square me: ~r per hour at 11:00 o'clock a . m. This 

continued at a relatively constan~ rate until the mjddle of the 

aft':irnoon. Between 3:00 p.m. and 4:00 p.m. the fl11x d'3nsity had 

increased to 4.6 t .argets ifish) per square metPr per hour, many 
• 

time:s any number previously encount<i:!red during the surveys at 

York Haven. By 7:30 p.m. the rate had increased to 6.9 , 
fish/m2/hr. Visual observations of the for~bay area were done 

t.hrc1ughout this period. Fish were seen in large numbers along 

the face of the trash racks with the aid of a powerful 

flashlight. In addition, dimpling was taking place over the 
. 

entire surface of the forehay. The flux density in the area 

remc1ined high for the next couple of hours and then dropped off 
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during the night. by 8:30 a.m. th':.! next morning th1=! flux densit.y 

~s dow~ to . 0~ targets/m2/hr. Th~n another increase occurred 

wer the next hour at the Unit J location to a high of 8.2 

fish/m2/hr. For the rest of the day the flu~ d~nsity remained 

between .25 and 1.2 fish/rn2/hr., still several times that 

recorded during any previous surve y. 

Observation of fish behavior at the York Haven Power 

Station demonstrated that fish are not uniformly distributed 

wer time at the York Haven forebay. The number of fish in the 

uea was low throughout most of the study period. 

The larg~ number of fish that passed through the 

~rebay on the 23rd and 24th of October showed that the juvenile 

American shad may move downstream through this area in 

~lses. Other observations based on the use of hydroacoustics 

are that the juvenile shad occupy a position approximately 

midway in the water column between 1.5 to 4 meters . Even though 

timpling occurs at the surface most of the fish are in the 

~nter of the water column (Photo 4). During periods of lower 

fish concentrations (versus the one period when there were large 

numbers of fish in the area) the outmigrating shad were found to 

concentrate along the dam at the end of the forebay (cable 

passageway) ( Photo 6) . 

At Safe Harbor the mobile surveys clearly showed that 

fish concentrate along the outside of the wall that defines the 

forebay. The wall has arched openings about 15± feet below 

ilie surface to allow water to pass through to the generating 
~ 

units. The fish (juvenile American shad and juvenile gizzard 
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shaaJ concentrated in the 2 meter to the E meter depth. ~bove 

the openings. Mobile surveys along the upstream face of the 

dam, across the river, did not show any areas of high fish 

concentration. Mobile surveys along the face of the training 

wall in front of the trash racks found fish concentrated in the 

upper part of the water column, above the lower erlge of the 

training wall. 

Overnight hydrc,acoustic surveys dc,ne near Unit 1 (by 

construction trailer) and in front of Unit 10 did not show 

simular indices. Concentration cf .05 targets per square meter 

per hour were found at the construction trailer location while 

concentration of .5U to .70 were found in front of Unit 10. It 

must be stated that these nu~bers, although they are indicative 

of the conditions that occurred during the study, cannot be 

consider ed as anything more than that. The data collected 

suggest that the spatial and temporal distribution of shad are 

such that a study of short duration (3 days at Safe Harbor) is 

not long enough to accurately predict fish concentration 

locations . 
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TABLE 1. UNIT 3, YORK HAVEN 

DATE 

October 23, 1985 

October 23-24 

October 24, 1985 

24 HOUR HYDROACOUSTIC SAMPLE 
FLUX DENSITY (FISH/m2/hr) 

TIME 

11:00 - 11:52 

11:55 - 12:46 

12:50 - 13:26 

13:30 - 14:46 

14:50 - 15:40 

15:44 - 16:50 

16:54 - 17:54 

17:54 - 18:43 

18:47 - 19:30 

19:34 - 19:52 

19:52 - 20:12 

21:08 - 08:34 

08:36 - 08:52 

08:56 - 09:30 

09:33 - 11:20 

11:24 - 12:47 

12:51 - 14:15 

14:19 - 14:55 

14:59 - 15:42 

15:46 - 16:28 

16:51 - 18:54 

18:58 - 20:31 
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FISH 
DENSITY 

.11 

.11 

.16 

.35 

.54 

4.60 

5.08 

5.56 

5.82 

6.90 

6.33 

.06 

8.20 

4.60 

.25 

.43 

. 20 

1. 20 

.99 

.95 

.67 
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PHOTOGRAPH 1 

Directional movement can be seen on the 
display screen as diagonal images. 

These represent targets that are moving 
toward the face of the transducer. 
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PHOTOGRAPH 2 

Transducer face is represented by 
red-orange-yellow band (fop 6f .rc ... el'I). 

Surface of water is broken colored line 
at 6. No targets in this field of view. 
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PHOTOGRAPH 3 

Split screen mode useful for 
e~amining a specific layer. 
Bottom half is expanded view 

of top half. 
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PHOTOGRAPH 4 

Many targets in view between 
2 and 4 meters. 

Compare to Photograph 2. 
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PHOTOGRAPH 5 

Mobile survey at Safe Harbor. 
Note large number of targets in 

the upper 6 meters. 
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PHOTOGRAPH 6 

Targets (fish) near the end dam 
•of York Haven forebay. 

Transducer mounted horizontally. 
Photograph oriented in direction 

of transducer. 
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Abstract 

Otoliths excised from hatchery-reared and river-reared American shad, AJ.Qa 

sapidissima, were analyzed by energy dispersive X-ray microanalysis. Elements 

occurring in each otolith were ratioed against the calcium cxmtent of that 

otolith to determine relative concentrations. These data were analyzed ~ 

stepwise discriminant function analysis CBMDP 7M>. This program selected a subset 

elements (Na, Si, s, Ni, Cu, Br, Sr, Nb, Tc, Tb, Ho, Re, Po, At, and 0) which 

best discriminate~ between hatchery and river-reared populations of American 

shad. Using these parameters, 100% discriminaticn between the two groups was 

achieved. 'l.his method slx>ws great promise as a tool assisting management of unit 

stocks. 

,. 
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Cbjective~ 

The purp:,se of this research was to discriminate natural from hatchery­

reared shad f ingerlings. This was accomplished by performing elemental analysis 

of shad otoliths from growth rings irx:iicative of the indvidual fish's early life 

history. 

ttathoos Md Materials 

Samples were received frozen c-20°)by this laboratory on 18 October, 1984, 

through the office of George Krantz, Maryland Department of Natrural Resources. 

'Ihree sets of American shad CAlosa sapidissima) fingerlings were obtained from 

t;he following sites of the Juniata River: a Susquehanna River feeder stream: 

Amity Hall Access Area, 28 August, 1984 (27 samples/15 analyzed) 

Penn Hatcheries Pond-Reared, 11 October, 1984 (21 samples/IS analyzed). 

Juniata at Amity Ball, 17 August, 1984 (15 samples/0 analyzed) 

. Cnly two sets were analyzed, as agreed upon in contract. 

Fish samples were thawed to room temperature in 95% ethanol and measured for 

total lengtl-\. Saccular "otoliths (2 per fish) were surgically removed (Panella, 

1980) from 15 shad collected at Amity Hall Access Area and 15 shad collected at 

Penn Hatcheries (pond-reared). The dorsal skin pigments of the former group 

were dull and greenish compared to the latter group which were black and glossy. 

All otoliths were washed in several changes of 95% ethanol for debridement 

of adhering tissue and then air-dried. One otolith from each fish was embedded 

in L.R. white resin (London Resin Co., Basingstoke, Hampshire, England); the 

other otolith was archived for future reference. Embedded otoliths were ground 

sagitally with 200 grit, then 400 grit carbon tetraboride lapstones. Boron-
., 

tetraboride is a non-contaminating, fused abrasive (Titan Tool Co., Buffalo, 

NY>. At the nucleus (or central core), the otoliths were polished with 0.25µm 
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grit diamond ~ste on polishing felt to insure a smooth surface. Otoliths were 

subsequently etched with 25% acetic acid for 30 seconds to expose daily growth 

rings, rinsed with distilled water and oven dried (60"c>. 

All otoliths were analyzed with a Tracor N:>rthe01 TN-2000 energy dispersive 

X-ray spectrometer interfaced with a JEOL JSM-o3 scanning electron microscope. 

A 25 Kev electroo beam was scanned across an otolith surface of 40 ,OOOµm~, an 

area which included daily growth rings three through twenty-five to thirty (Fig. 

1 and 2). Each otolith was analyzed in this fashion for 1000 seconds to 

generate an elemental X-ray profile over a 0-20 Kev spectrum (See Figure 3). A 

microprocessor and associated software were used to identify elements and 

integrate peak areas. 'lbe X-ray spectrometer was calibrated daily with 

elemental standards to insure the accuracy of the analyses. 

Data from each sample were normalized to the calcium signal for respective 

samples • . Statistical evaluation of the normalized data was performed using 

stepwise discriminant function analysis (Biomedical Data Programs, Section 7M) 

(Dixon, tl .al, 1981). 

,,..,. d . . .. 
~~ 5ID.Q D1sc•.;ss1oo. 

'Ille series of elements observed in this study is listed in Table 1. 

I.anthanide series elements appeared in otoliths from both sample sites in the 

same frequency as elements occurring in greater abundance in the environment. 

Lanthanum CLa 3~ is known to compete with calcium (Ca~ in muscle and nerve 

tissues (Weiss, 197 4). Other lanthanides may behave similarly. Terbium, one of 

the lanthanides which is important as a component of the discriminant elemental 

signature for this study, shares the same valence characteristics as calcium. 

Metals, in general, are incorporated into carbonate matrixes (Jensen and 

O.unmings, 1967; Livingston and Thompson, 1971). 
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Fig. 1 & 2. Scanning electron micrographs of juvenile shad 
otolith embedded in LR White medium. (!).Secondary electron 
image of otolith' ground to expose the nuc:lear region. 
(2). Enlargement of the . boxed-in region (t=J) shown in Fig. 1. 
Examples of daily growth rings are clearly visible and the 
nucleus center is just below the right hctnd corner of Fig. 2. 
Size bars indicate 200 µm (Fig.l) and SO µm (Fig . 2). 
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Fig. 3 Energy dispersive X-ray spectrum typical of those used in 
otolith characterization. Spectra were accumulated over a "real 
time" of 1000s. For clarity of presentation, only the 0-10 . 24 KeV 
region of the spectrum is presented in this figure. 
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Table I. Elements and the concentration* in which they occur in the otoliths 
of Alosa sapidissima from two sample sites. 

PENN HATQfERIES POND REARED 

Elements \ P p p p p p p p p p p p p p p 
in Otoliths 1 2 5 6 7 -3 4 8 9 10 11 12 13 14 15 X 

Na** 8 21 1.933 
Al 13 11 8 6 s 21 9 35 73 12.067 
Si** 7 10 7 15 14 59 21 4 81 70 19.200 
S** 3 7 17 16 12 4 18 9 10 19 31 15 29 49 16.600 

~ Cl 0. 000 ..... 
Se 2 13 9 1.600 +-I Vl 

c,:s +-I 
Br** 2 2 2 2 1 2 6 6 1.533 , µ c:: c:: (1) 

Rb 2 1 3 6 0.800 cu e 
Vl <1) Sr** 3 1 1 9 14 1.868 (1) r-oj 

s-. "1J 
Bi 1 3 4 3 0.733 0. 

• <1) 

Po** 2 1 2 0.333 ~ 

At** 1 3 1 3 0.533 

V s 2 0.467 
Mn 7 8 1.000 
Fe 3 3 3 0.600 
Co 9 4 s 1.200 

c:: Vl Ni** 3 6 6 1.000 
0 +-I CU** 3 3 11 8 4 8 21 15 4.867 ..... c:: 
+-I <1) 

Nb** 3 2 4 0.600 .,... e 
Ill (1) 

Tc** 7 1 3 4 6 13 2.267 § µj 
s-. Hf 7 8 

,. 
6 1.400 

E-- Re** s 4 9 2 2 2 4 4 7 2.600 
Pt s 4 1 6 3 6 1.667 

Nd 6 4 s 1.000 
I 

co Ill Tb** 9 0.600 µ Cl.) 

-5] Ho** 3 2 11 1.067 
1)n 8 3 4 9 1.600 

I V) 

U** 2 1 6 0. 600:t ..... <1) 

+-I 'O 
l) • r-i 
~ s:: 

* Concentration is expressed as: a ratio to calcium content of the otolith 
surface area analysed xlOOO. 

** Elements selected by discriminant function analysis for the classifica­
tion in Table II. 
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Table I (continued) 

AMITY HALL ACCESS ARF.A 

Elements ~ A A A A A A A A A A A A A A A 
in Otoliths 1 2 3 4 5 6 7 8 9 10 14 15 16 18 19 -

X 0 

Na** 2 17 2 1.400 4.372 
Al 9 7 4 5 21 49 7 15 7 14 4 3 6 10.067 12.168 
Si** 13 4 34 5 21 5 66 9.867 18.370 
$** 12 18 40 72 9 11 13 46 14 6 8 16.600 20.532 
Cl 49 21 8 5.200 13. 364 

VI Se 3 0.200 0. 775 +,I 
6 2 5 6 5 3 2 1.933 2.434 I . Br** 

. Rb 1 5 4 3 3 1.067 1. 751 
S Sr** 3 7 6 3 12 5 7 2.867 3.758 

Bi 2 2 4 0.533 1.187 
' Po** 7 2 7 13 1.933 3. 918 
At** 2 0.133 U.Slo 

V 14 7 4 1.067 3.958 
Mn 8 5 7 4 4 1.867 2.900 
Fe 2 8 13 3 1. 733 3.788 
Co 2 19 1.400 4.8% 

VI Ni** 3 15 1.200 3.895 ~ 

CU** s 3 4 6 3 3 s 2 2.067 2.219 I Nb** 6 3 3 2 6 1. 333 2.193 
~ Tc** 3 2 s 4 0.933 1.710 Ill 

Hf ,. 15 4 5 6 2.267 4.H8 
Re** 1 9 3 0.867 2.380 
Pt 7 3 6 1.067 2.3-4-l 

• 
Nd 7 9 s 9 2 2.133 3.502 

fl Th** 11 2 5 3 1.667 3.usu II Ho** 4 3 3 2 0.800 1.424 'ti 

~ Tm s 11 3 4 3 2.4o7 3.871 
fl U** 2 2 2 0.400 0.828 0 
'O .. 
C 
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All data was digitized and normalized as a ratio to calcium in each sample. 

statisical evaluation of the normalized data was by stepwise discriminant 

function analysis (BMDP 7M> (Dixon, et su.., 1981). 

Discriminant function analysis of these data determined the best subset of 

these data for discriminating between the two sites evaluated. Table 2 indicates 

the percentage of shad from each site which were correctly identified, based on 

the elements listed, as originating from that site. It is im:p:>rtant to note 

that while all the juvenile shad analyzed ultimately originated from the Penn 

Hatcheries, growth rings examined included rings laid down by the animal after 

~ransfer or release (8-20 days following hatch) to the rollection site • It is 

not surprising, then, that no misidentifications occurred for these two sites. 

Table III is a summary of discriminant function "canonical variables" 

determined for each fingerling. 'lhe data from Table III is plotted as a 

histogram in Figure 4. 'As can be seen from the hi.st(XJram, there is no overlap of 

the canonical variables between pond-reared and river-reared stocks. 

Applicability 

Data and analyses, in this report, define procedures and results which 

enabl~ discriminatioo l:etween .;tcx.ks of American shaci. The fundamental 

technicpe relies on the piogeochemical rerord of fish otoliths and therefore the 

variability of nab.lral water geochemistry. Elemental data , normalized to the 

calcium matrix, can be statistically evaluated to provide qualitative and 

q.iantitative discrimination between the fish 's river-of-origin. 
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Table II. Classification of .American shad (Alosa sapidissima) according 
to site of origin by Discriminant Function .Analysis N=30 

Percent Number of cases classified into group 
C:Orrect Amity Hall Perm Hatcheries 

Amity Hall 100.0 15 0 

Penn Hatcheries 100.0 0 15 

Total 100.0 15 15 

Elements Used: Na, Si, S, Ni, o.i, Br, Sr, Nb, Tc, To, Ho, Re, Po, At, U. 
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Table III. Discriminate Function Canonical Variables for 
Individual Shad Otoliths 

AMITY HALL PENN HATCHERY 
GROlJP GROUP 

Individual Canon Var. a Individual Canon Var. a 

AH 1 3.31 PH 1 - 3.20 
2 4.67 2 -1. 69 
3 0.66 3 -2 . 02 
4 1. 98 4 - 3. 22 
s 2.85 5 - 2.07 
6 2.80 6 - 3.14 
7 2. 14 7 -1. 07 
8 1. 77 8 - 0 .44 
9 1. 42 9 - 2 . 96 

10 3. 19 10 -1. 91 
11 2.94 11 - 3. 25 
12 3. 23 12 -3. 17 
13 2.84 13 -3.90 
14 2.81 14 - 2 . 69 
15 0 .73 15 -2.62 

aThe canonical variable is a statistical composite based 
upon the qualitative and quantitative elemental composition. 

4 

>- 3 
(.) 
z 
w 
::> 2 
0 
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Fig. 4 . Histogram of statistically determined canonical vari­
bles. Data taken from Table III. There is no overlap in the 
canonical variables; that is' between the two groups of shad: 
Penn Hatchery (PH) and Amity Hall (AH). 
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JOB V. SPECIAL STUDY 
(continued) 

DEVELOPMENT OF STREAM SIGNATURES FOR 

SUSQUEHANNA RIVER SHAD 

1: Validation of Otolith-Based Strategy 

Using the Delaware River Shad Fishery 

PROGRESS REPORT 

c/o Dr. Richard A. St . Pierre 
Susquehanna River Anadromous 
Fish Restoration Committee 
U.S . Fish and Wildlife 
P. O. Box 1673 
Harrisburg, PA 17105 

University of Maryland, CEES No. 07-4-35050 

by 

Richard A. Smucker , 

David A. Wright 

and 

Linda G. Morin 
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This report identifies the status of year-to-year shad otolith stream 

signature validation. Previously• '-'e have established the clear cut 

efficacy of using otolith chemical signatures for the discrimination of 

stream-to-stream and stream-to-hatchery fish populations. (Full citations 

and discussions will appear in the final report.) 

Requisite to the evaluation of shad populations for discriminating 

"prospective" Susquehanna stocks and Chesapeake Bay spawning stocks has · 

been the need to validate the technique of X-ray microanalysis and subsequent 

discriminant function analysis of the detected elements.• A known shad 

fishery spawning area, the Delaware River, was chosen to establish the 

otolith signature for a discrete spawning unit of shad. 

The analytical and statistical techniques used to obtain the results 

reported herein will be described in full in the final report. Analyses for 

adult shad (Bushkill sampling site) and 1985 shad fingerlings (taken between 

Dingman's Ferry and Bushkill Falls) are summarized in Table I. Surprisingly 

the two groups were essentially discriminated on the basis of their 

~espective elemental otolith signatures. 

Two major explanations for this discrepancy are offered: 

1. There are significant Delaware River geologic microscale 

differences reflected in the adult shad otoliths, In 

other words, the adult shad collected at the Bushkill 

sample site may have originated (and spa\me~) downriver 

from that site or, more likely, a site further upstream. 

2. The other explanation, "otoliths are not stable records!', 

has no support in the literature. In fact, quite the 

opposite is true. "There is no evidence for any resorp­

tior, of otoliths although other calcareous deposits • •• 

may be resorbed in other vertebrates." * 

* Simkiss,K . (1974). Calcium metabolism of fish in relation to ageing. 
In: T.B. Bagenal (editor), Proceedings of an International 
Symposium on The Ageing 0~ Fish, p.1-12. Unwin Brothers. Ltd,, 
Surrey. 
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It should appear that the former explanation offers the most viable 

rationale for the currently obtained discrimination between the Delaware 

River adult and fingerling shad. There are at least two distinct micro­

scale geologic subsystems within the Delaware River system. First, the 

Eastern and Western Branch region of the Delaware River have significant 

carbonate buffering due to exposed carbonate deposits. Second, the 

Lackawaxen watershed of the central west drainage region of the Delaware 

River system lacks carbonate deposits and therefore is significantly more 

acidic (reflected in the humic acid content). The increased acidity may 

result in a concurrent shift in ionic composition of the Lackawaxen 

River water. It is conceivable that adults sampled for this study do 

not represent a single spawning stock , but a mixture of two or more dis­

crete spawning stocks inadvertently captured while enroute to their natal 

streams . 

Future Directions : 

Our recommendation for the continuation of this study is to analyze 

and establish signatures for adult shad and fingerlings only from the 

successful East Branch Delaware River spawning grounds. In this way, 

there will be the highest probability of obtaining shad spawning stock 

which reflect their actual nursery grounds and the commensurate valid 

comparison with same site fingerlings. 

Table I. Classification of shad adults and fingerlings from 
the same river site by Discriminant Function Analysis. N=60 

Group 

Adult 

Juvenile 

Total 

Percent 
Correct 

96. 7 

96.7 

96. 7 

Number of cases classified into group 
Adult Juvenile 

29 l 

l 29 

30 30 

Elements Used: Na, Al, Si, Cl,V, Ni, Se, Rb, Tc, Nd, Re, U, Bi, 
Tb, Gd, Rn, Os, Pr, Ru, Er, Eu, Rh , Pa. 
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JUB VI. su~~ARY a~ OPERATION OF THE CONOwlNGC u A~ FISH 
PASSAGE FACILITY IN SPRING 1985 

R~C/Canber ra Environrnent~l Service~ 
Muddy Run Ecologlcal labordtory 

1921 River Rd. , P.a . Box lC 
Drumore, Pennsylvania 17518 

INTRODUCTION 

ThP Conowingo Da.n Fish Passage Facility (hereafter Fish 

lift) hds been in operation since 1972. It i s part of a 

cooperative private , state, and federal effort to r e store 

American shad to the upper Susquehanna River . In accor1ance 

with the restoration plan, the ooerational 1oal of the Fish 

lift has been to monito r fish populations below Conowin~o 

nam and trans port as many migratory fishes {~merican eel, 

herrin~s, hickory shad , American shad, and stri pe d bass} 

upriver as poss l ble . Support for the operation of th~ Fish 

Lift is orovided by the Philadelphia El ectric Powe r Company 

(PECO) and Sus~uehanna Power Compa ny. 

Th P Conowin~o Hydroelectric Station is operJted as a run 

of the river peaking power station . The maximum rated peak 

d1sch a r g e fro m its eleve n units is 8 5,000 cfs. Natura l 

river flow in excess of 85,LlOu cfs 1s rel~ased over the 

spillwuy. Generally, under efficient op e rating conditions 

total dischar ge from the seven (1-7) sma ll (5, 0uO cfs each) 

and thP. four ( 9-11) lar 9e units (10,000 cfs ,aach} is 75 , 000 

C fs • 
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Objectives of the 1985 operation were to (1) monitor 

relative abundance of ~l2sa species, (2) monitor sp·· cies 

composition, (3J ohtain life histo r y information from 

selected ~igratory and resident fish~s, (4) contribute to 

restoration efforts by the trap and transfer of prespawned 

American shad and other migratory fishes to upstre am 

localities, and (5 ) assist Maryland Tidewater Administration 

in assessing the American shad population in the upµer 

Chesapea~e B3y. 

METHODS 

Prior to the operation of the Fish Lift several surveys 

were conducto.d to ~etect the arrival of alosids into the 

lower river ~rea . Alternate day he r ring checks at 1eer 

Creek and Rock Run were initiated on 18 ~arch. Acout 12 

herrings were first observed in Deer Creek at Stafford 

Bridge on 25 March ~ta Wdter t e mperature of 45 F. These 

were later confirmed to be alewife by checking an angler's 

creel. As the wat~ r temperature in Deer Creek incre asea so 

did the he r rinq abundance . When the water temperature 

reached 6Ll.O Fon 14 Aoril up to 100 river herring were 

commonly observed at Stafford 3 ri oqe . Conversations with 

anglers indicated that alewife, blueback herrin~, and 

hickory shad were or esent at this time, however, most wer e 

blueback herring. 
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Preparations for the ope ration of the Fish Lift bega n 

during the wee k of 25 Mar ch following the observation of 

herrinq in the lowe r river and decreasing river flow. ~eir 

gate and crowder motors were installed on 26 Ma rch. 

Adjustments to limit switches, cal iOrati c n of wei r ~ates , 

3nd all nec e ssary maintenance we re completed on 29 March;~ 

test run of the facility was successfully completed that 

afternoon. 

Fish Lift ope ration commenced on 1 April on an alternate 

half-day bas is, ~s aqreed to by PECO and outli ned in the 

19 85 Susque hann a Rive r F i sh Restoration Committee ( SR AF RC ) 

wo r k plan ( SR AF RC 198 5). Ho weve r, operation on 3 Apr i l was 

ca nce ll ed due to high river flow ()1 2U , 00u cfs). npe ration 

r esumed on 5 April and conti nued on an altern~t e half-da y 

basis until 15 Aoril, when p robl ems with the hoppe r closin~ 

mec hanism p revented opera tion. Upon compl et i o n of the 

repdi r s , the Fi sh l i ft oper ated da ily (al ~ost un intd rrupt~d ) 

f rom 17 April through 29 May between 0600 or 0700 h t o 1800 

or 19UO h . Because few Ame rican s had were coll ectej e n 23 

and 29 May and their advanced sexua l condition, the Fish 

l ift was operated on an ~l ternate halt-aay schedule from 3 1 

May throu gh 14 June. 

0 eq inninn 23 Ap ril PECO modified the normal pattern of 

sta tion generation at Conowing o Oa~ to enhance F i sh Lift 

effect iveness . AA od ifi cati on w~s a re su lt of an increase d 

Cdtch of Americ ~n shad on 21 anJ 22 ~pril . PEC O i ~p1eme ntPd 



a pol icy that kept turbines No. 1 an1 2 off from 0600 to 

1800 has river flow and other conditions permitte d (i.e. 

electrical production needs). This modified generation 

scheme w~s maintained through 2 June and termina ted when f e w 

American sha~ in a post spawned condition wer~ coll e cted . 

The mechanical aspect of Fish lift operation in 1985 was 

similar to that described in RMC (1983). Fishin~ time 

and/or lift frequency was ~etermined by fish abundance and 

tne ti me required to process the catch. However, due to 

extremely lar ge numbP. rs of gizzard shad and on occasion 

carp• two modifications to lift or eration we re employed t o 

maxi~ize collection of American shad. The first 

modifi c ation consisted of leaving the crowde r in the normal 

fishin q position and raising the hopper every 5 to 10 

minutes. Generally, after 30 to 60 minutes a ll r ema ining 

fish were cro wded a nd r emo ved from the ho ldiny channel. T~e 

removal of fish fr om the holdin j channel by thi s method 

increa s ed fishin~ ti me . This modif ication ~as termed (for 

thi s r epo rt) "fast fish". 

Occasiona lly, as a result of changes in w~t e r leve l s in 

the tailrace. large numb~rs of f ish would be d ttractec t o 

the 11 ft . In an effo rt to maintoin the i ncrPased colle~tion 

o f s h ad e ithP r wei r qate l or 2 was c l osed dna the f i s h th a t 

~ad ~ccumulated we r ~ 1ifte1 r ap i dly util i Lin1 operati o n 

"fast fish"• After~ largP nu mbe r of fish had c een r e~o v~d 
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th~ opPration of the Fish Lift was changed back to the 

norm~l operational mode. 

Attraction velocity and flow during periods of normal 

and 0 fast fish" operation at the Fish Lift in 1985 were 

similar to those maintained in 1982 (RMC 1983). Baseo on 

the 1982 experience, hydraulic conditions were maintain~d in 

the area of the Fish lift between the crowder and weir yate 

entrances similar to that reported in RMC (1983). 

~odifications to weir gates and house service urait settings 

were made during periods of heavy fish concentration after a 

weir gate was closed. ~enerally, during period5 of lower 

flow ( ~~ small units) both house service units ~ere set at 

35% oate (discharge of=l5U cfs) and the weir ·)ate that 

remain ed ooen was lowered to its maximum depth. During 

periods of higher flow (>3 small units) house units were set 

at 35% and 75% gate (discharge of~ 265 cfs) anJ the weir 

gat~ that remained open was s et about 10 ft below tailrace 

elevation. These modifications generally resulted in a 

attraction velocity of 6 to 8 ft/s ec from tne open weir gate 

and a flow in the holding channel of l to 2 ft/sec. 

Since 1912 a continupus minimum flow of 5,0uO cfs 

through Conowingo Dam has been maintained from 15 April 

throu_:Jn 15 June. Uni t l·Jo. 5 wa~ used in 1~'35 to reledse the 

continuous ~i nirnum flow from 15 April through to May and 

from 19 May throu~~ l~ June. Unit No. 6 was us ~d from 11 

tnrou~r 18 May when station dischdrge dirl not exceed 5 ,000 
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cfs. The minimum release of s,ooo cfs fr om eithe r Un it Nos . 

5 or 6 was based on results of 1982 and experi ence at other 

fish passage facilities which showed that passage 

effect iveness incre~ses when compet ition bet ween the 

attraction flow from the fish oassage and the flow r e lea s es 

from othe r sources i s r ed uced . 

Re l ease of the chemical attractant, phenethyl alcohol, 

was sc hed ul ed to follow the SRAFRC 1985 Wo r k Plan ( SRAFK C 

1985 ). The att r actant was to be rel eased on every other 

sc hedu led day of Fish Lift operation from 15 Ap ril until 

water t empe r atu r e reach~d 68 F. However, as in the past, 

equipment ma lfuncti on p r event ed release of the d ttract ant 

per p rogram speci fica tions . 

Fishes were p r ocessed as reported i n RMC (1 983 ). Fisnes 

were ei t he r counted or estimated (when l a r ge numbers were 

present) and r e l eased bdck to the t a ilr ace . Length , weignt, 

sex , and sca1e samples were taken from blue~ack he rring, 

hicko r y shad , alewife, st ri ped bass , and striped bass x 

white t ass hybrid. The scien tific and common names of 

fishes taken (T ab l <:? 6 .1) followed Ba iley e t al. (1970 ). 

Ame rican shad were so r ted Jnd hel d for t ransport in 

c1rcul c:1 r tanks continually supplied with river water . 

Tr ansport occurred whenever 5U o r mo r e ~ reen o r g ravid s ha1 

were co l lected in a day , and/o r at ope r dtor ' s discretion. 

Al l h~a lthy , activ8 shad not trdnsoo r ted were tagged with 

flay dncho r tags anJ released back t o the tdi lr ac~. Prior 
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to rel ease len~th , weight, sex , and spawnin ~ condition wer~ 

detdrmined as conditions permitted. Scale samples were 

taken whPn possible. 

Transportation of American shod was acco~plisheJ 

utilizin~ a BOO gallon circular transfer unit. The air 

supply syste~ on the transfer unit was modified in 198 5 to 

include both bottl~d oxygen and compressed air. The holding 

a nd handl in ~ procedures employed du ring transport w~ r e 

similar to those used in previous years. 

A,nerican shad scales were cleaned, mounted, and aged 

accordino to Catin1 (1953). Age determinations and spa~ning 

history of blueback herrinq and alewife followed similar 

procedures. The µrocedures employed to determine a ge 

structurP a nd spawning history of clupeids a re similar to 

thOSP used by ~aryl and Uepa rtment of Na tural Res ources ( 0 '1P ) 

~nd ha~ heen validated through an exchan1e o~ scale sampl~s 

in l9 d2 an~ 1933 . 

RESULTS 

1n 55 ddys of cish Lift o~erati o n (1 April through 14 

Jun e l 2,317,797 fish of 41 taxa w~r ~ caug ht (TaLl e 6 .2). 

r redouinate species in ord"'r of numerical ab unddnce were 

g izzard shad, whit e perch , and channel catfish. Al~sids 

(b1ueb ack herrin1, hickory shad, ~lewife. and American shad) 

comprised less than 0 .4~ of the total Cdtch . 
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Tl,e relative abundance of fishes has fluctudted since 

1972. The 1985 catches were similar to those be tween 19Bu 

a nd 1~~4 (T ab le 6 . 2 ). In this period the catch was 

dominated by gizzard shad, carp, channel catfish, and whit ~ 

perch. Ret~een 1972 a nd 1979 alosids (primarily b lueb a ck 

herring) a nJ white pe rch dominated the catch. 

The c atch of g iz za rd shad ( 2 ,182,888) in 198 5 was the 

highest rec o rded f o r any species since 1972, a nd compri sed 

over 94% of the t otal catch (T ables 6.2 and ~ .3). Tht daily 

catch was also dom inated by g i zza rd shad a nd ran ged from 

2 ,971 (5 A() ril) to 118 ,2"0 {2ti April). 

The Cdtch of alos i ds (~xcluding Ame rican shad ) incr eased 

in 1<;3" fro ,n the 1 ow~~t reoo rtell in 1984 t-ut was n,uch l o w~r 

tnan th e reco rded historic l eve ls (Table 6 . ZJ. A total of 

6 ,76 ~ b lu ebacK he rrin~, 37, ale~ife, a nd q h ick o r y shad w3s 

co ll ~cte1. ~ost a l ewife were collected pri o r t o 29 April a t 

wdt~r tempera tures of 49.l F to 67.5 F (T able 6.3 ). 

0 1u ehack ne rrin~ ~ere first collected on 23 Aµ ril. However , 

oeak c a tches of b l uehack her r1n I occur r ed at water 

tempe r atu r es >,,5 F ( af t e r 26 Aor i 1). 

So~e 44 of 57 alewives and 156 of 166 h lueback ne rrin9 

we r e a gerl (T ab les 6 . 4 an1 6 . 5). Al ewives rdn ge d in a ge from 

III to VI yda rs; IV ye~ r olos doM indted . f lueback he rrin1 

ran Jed in a;0. from IV to VII yeo r s ; V ye~ r o l us dumi nat~d . 

~omparison of ~ales and femdles of both s~ecies within a 
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soecitic age g roup indica t ea thdt f ~ma l es ~re~ foster than 

malec;. 

~ost alewives were virgins; over ~ai of the hluebac~ 

herring wer e repeat spawners (Tables 6.4 and 6.~). AlewiVPS 

were found to have spawned d maximum of two tim? s while 

~luebacks spawned three times . Generally, the inciJence of 

repeat spawning of bluebacks was s reatest once th~ fish 

attained V years of age. All three time sp~wners were dt 

least VI years old. 

Am~rican Shad_Catch 

A total of 1,546 American shad was collectea in 1~85 

(T~blc 6.2)• The first shaa w~s collecteC on 9 A~ril at a 

water tL~perature of 50 .9 ~ (Table 6.3). Increased numbers 

of American shad WPre not observed in the c ~tch until ?l 

f.pril when 19 1-1ere colh·cted. 

The 19~5 catch of American sh~d dt th~ fish lift was the 

second hi~hest to t dte (Table 6 .2)• Oi soosition of shad 

collected varied acco r d in ~ to numbers collected, sexua l 

condit ion, and othPr factors. JvLr 80% of the shad 

co ll ~cted were eithe r transporte~ or tagqac . The r \:!ma inde r 

were comprised of ~aryland tagg·d ~ish, RrC ta ~ rec ~otures, 

and 'T'Orta l it.i es th-1t result o::d fro,11 the tra p a nd tr<'tns fe r 

Ot>c>ration. 

A total of 87 AmPrican shad ~,ea dt th° Fisn Lift in 

19n5 ~dth ov"? r 93i of the mo rtalities incurr "!d tr om 26 Apri l 
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throu~h 2 ~ay . The increased mortality was mar~eo l y reducPd 

by mon itoring and m3intai nin g increased JO lRvels in the 

holdin'l tdnks. 

4merican shad ware collected daily from 21 ~or il throu ~h 

29 ~ay (Table 6.3 and F i gure 6 .2); the largest number (144) 

was collnct~d on l ~ay at 67 .7 F. examination o f the daily 

catch indic1ted that shad abundance varied Ja ily b ut 

ref I ec tec1 three peaks of a·· undance. Tt1e large st nu ·,1her of 

shad (52 3 ) was collected from 27 Apri l throu qh 2 ~ay . Cth e r 

per1ous of incr~ased a hundanc~ occurred from 17 throu-:ih 1·, 
t•ay -=1n<1 25 throu ;ti 27 ~-.1y when 194 and 1 57 shad wer ~ taken, 

r e sj.) ect ive ly. 

A~ in th~ pas t, the catch ">er effort (Cr' I: ) of ArnP r ican 

shaa varied by ti~e of ddy and station J~nd ration (Tab les 

6 . 6 ~nd 6.7J. The CDE was threP fold hi qnc r when one unit 

was in one ration (Tab l ~ 6 . 6) . 

h1oh our in1 weel<..enc' opn ration (T au le 6 . 7) . Als .> , t'1e c atch 

per effort was g re~test dur1n~ the ~id-Jay (llOl-15JO h) d nu 

a ft e rnoon (l~~ l-1900 h} pe riods on weeka ays and q redte st 

durin~ early mo rnin g ( 060u-u9u) h) o pe rati o n on wee • ends . 

American shdd we re colltcted at Wdte r t empe r atu res o f 

~u . 9 to 73 . ~ F ~ nd at natural rivcl r flows of 12,7uJ to 

68 , 400 cfs (Table 6 . 1 and ~ i q ure ~ .2). However, over 75% o f 

the shad w~rP coll ~cted at water tewpe rdtur es >' ~ F (TaLl ~ 

6.8) . WatDr tempe ratur e from 21 April to 27 M1y varied wi th 
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incre dserl or decre3sed river flow and range d from s~. o to 

66.'1 F. 

l i ft operation was modified in 198 5 to reduce trapping 

delays thdt resulte d from mechanical operation ano/or 

ovurcrowdinJ due to high densities of fish competing tor 

space. Op~ration "Fast Fish" was a primary reason thc:1t ov 0 r 

2.3 million fish were taken in 19d5. This mode of op~ rdti on 

incr~as~d da ily fishina time by r educing mechanic~l del a ys 

~ssoci~t~o with normal lift ope ration. By mod ifyin ~ ~eir 

r;a t ':'"! o re nin..,s in comb ination with operation " Fast Fish" a :1 

incredsed catch rate of American ~had resulted on 9 of 17 

days {Tahle 6. 9 ). 

T d~_ =rnd_R~Ca1Uure 

A total of 326 A~erican shad w~ s tagged in 198 5 (Tahl e 

h .1 0 ); 56 shad wer e recaptu r ed . Fo rt y-seven were reca ptu r ed 

a t th ~ Fis h l i~t (Tahle 6.11). Seven shad w~ r ~ co ll ect~d b y 

the ~dryland ON~ . fou r were collected in t he t~ilr~ce by 

a nq lin 1, and the others wer~ coll ec ted by gill ~e t o ff 

Spence r Island. One shad w~s cau~~t by a s port a ngle r in 

thP lo•" er tailrace oft Snak~ Island. A comn:ercia l nett8r 

cauJht a shad in t~e lower Chesdpeake Bay at ~ ickttts 

Ha r uo r, VirJinia. 

nf the~ ~ rec.:3pturPS sev~n were riu lti i.: l c r ecartu r es , an .J 

tim~ r ecaptu r~ s was 14 j ays ~n1 r an~Pd fro~ 5 to ~7 ddys . 

Th~ avera~e 1avs fre e for the mu lti pl~ rec ~; tur~ s w1~ l u 
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~ays and range~ from l to 21 days. The two 1984 recaptures 

were free a total of 360 and 348 days, respectively. 

A total of 42 American shad floy tagged by the ~a rylan d 

ONR was captured at the Fish Lift. Thirty-four shad tagged 

in the tail race were capt ured at the Lift once. Average 

days free for first time recaptures was 11.1 and ranged from 

1 to 30 days. Two recaptures in the tailrace w~re multiple 

r~c~ptures; one fish was collected twice and the other three 

time ~. One shad collected at tne lift was tagged at ~he 

Maryland ONK pound net sampling l ocat ion. Thre~ shad 

collected were tagoed in the tailrace in 1qs4. 

Age Com2osition 

A total of 446 shad was scaled a nd 421 were surc essfully 

agea (Table 6. 12). Ma l es were III to VI years old; IV year 

olds domi nated. Females were III to VII ye ~r s old; VI year 

o lds dominated. Tw enty-two males (7 %) and nine females (b ~ ) 

were repeat spawners. 

The sax ratio of tagged American ~had was 3.]5 ma les to 

a fe~ale (Table 6.10}. These~ ratio varied d3i ly but mal e s 

qenerally dominated. 

Adult_Trans~ortation 

0 respawned American shad were transporten br twe ~n 24 

April and 26 May. All shad wer~ released at one of two 

release sit~s above YorK Haven Dam. R~l~ase s ites used were 

the ru:-1 lic boat launch at City Island, Ha rri sburg and the 

Pennsylvania Fish Commiss ion (PFC) access at F- a1rvi ew. Tt)P 

b- 12 



City Island r el ~ase site ~as only used for th e first 

stockins trip due to low riv e r level. All ott1er stocking 

trips utilized the PFC Fairview access due to tt1e h1p roveo 

water condition it dfforded. The wat~r depth at this site 

was 3pnroximately 5 ft. 

A total of 967 American shad was transportec ~ith an 

over,31' surviv31 of 98.3% (T.:,bl e 6 .1 3 ). Trdnsportation of 

shad was accomplish~ d in 17 triµs. Gene rally, indiviJual 

trips ave r aJed two hours. Load size varied fro:r 25 to 10-.) 

fish p~ r trip. Trip survival varied f r om Bu to 1vo~. 

Transµort water temperature var1eG from 61.~ to 6 c . O F. 

0 ase ·1 on a sex ratio of 3.35:l (male to f1:::m · l ·e) it ;,1a~ 

cal cu l atea that 284 p r f'spawned fer:ia l e shao r1ere transportii:':1 

upstrea1n. 

The 1995 SRAFRC work pldn outlined ? r evis ions for 

transport of riv e r hPrrin9. Howeve r, no attempt wa~ maae to 

transport blueback herri n ~ o~c3us ~ it would hav~ interfe rr ~d 

with A··H: rican shad trans'Jort and $econcl ly when suffici e: nt 

numb~rs were avai13b1e for transoort, they w~re elthe r rip~ 

an<.1/or sp.Jnt. 

DISCUSSI ON 

Fish Lift operations indicate that thF shad popu lation 

has not incr1C!ased ov ~r the 1 ast fo•Jr years . ~hen tne catch 

of Arne ric~n ~haJ was sta ndardiz e 1 for effort an ~ station 

c;en~ ration d u ring yea rs of mod ifi ed lift oµ e ratior, (l 82 -

l9h~) 3nd comp~ r e d the peaY abunddnC? was noted in 1°~2 
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(Tabl~ 6.14). The total CPE from 1982 through 1985 was 8.1, 

?.8, 2.4, and 4.6, r esp~c tivelv. The CPE in 19~2 was n~a rlf 

douule tnat observ~d in 19 85 ; catch r d tes in 19 ~2 and 1984 

were similar and ~bout half the 1985 rate. The catch per 

effort of shad at various qeneration levels was generally 

similar in all years with the highest CPE occurrinq durin•1 

pe riods of lowest ~eneration. 

The r e latively higher catch rates of America n shad at 

the li ft in 1982 and 1985 resulted pr il"laril f from modified 

ope r at ion s r ~the r than from an in~rc ase in the size of sh~d 

popula~ion . Modified operations tnclud~1 flow mouifications 

witnin the facil itv, to the att raction flow and from the 

oowernouse. Tnese n.odifications were made as a result of a 

better unde rstan d in ~ of thP behavior of Americ~n shad with 

respect to flow. 1n addition, other factors that influenc~d 

the catch in l9<l5 were low riv ~ r flow , r educed comp~tition 

~etween the ~tt ract ion flow dnd stat i on g~ne ration, and 

oper~tor expe rienc e . 

The hydrologic and mechanical conditions in 1985 were 

iaeal for capturin1 shad. Natura l riv e r flow du rin ') the 

shad run, nart icul d r1y 1~ A~ri 1, was the lowest historically 

r~e cooperative efforts of Conowin~o Dam 

pe rsonne1 1n,j Pl:CO wP.re instrurriental in •-'l i.rlinat in 1 

competinq f lows fr0m stat i on Units 1 dnd ~ Juring the pea~ 

pe ri od of snad Jhund a nce~ w~ich ~as been shu~n to influ~nce 

the sr11d c~t c h. Ope ration "fast fish" and mani ~u lation of 
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weir 3a t e s in concert with "fa st fish" a lso r esu1te' in th ~ 

increased coll e ction of shad . 

Fr om th e tag-recapture o f snad it appears that the Fish 

Lift may have captured a r e latively large portion of the 

uppe r bay shad popu lati on that mi g rated to the base of the 

Conowingo Oam . Maryland ONR tagged a total of 150 shad on 

the east side of the t.ai1race. Thirty-four wer~ reca pt u r ~r1 

at t~e Fish lift which yielded a 22.1i recovery r at~ . 

However , th i s rep rese nts a conservative r dte becaus~ of the 

t e ndPncy of shad to move downstream from the tagg in J site. 

Jec dus e of this behavior it is li Ke ly tnat a l a rge r number 

of tay ged shad might not have been available in the tail r dce 

for carture b y the lift. 

1n conclusion, the collection of Arne rican shad ~t the 

c isn Lift has been enhanced due to fl ex i bl e operati:>n whi ch 

a llows the operators to mod ify operation to maximi7~ li ft 

ef f ~ctiveness r~lative to th e changin~ conditions. 
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list of scientific and common nam~s of fishes collected at the 
Conowingo Dam Fish lift, Sprinq 19 72 through 198 5 ( acc o r d ing t 0 
Ra iley et al. 1970). 

--------~-------~-------------------------------------------------
Scientific Name 

Family - Petromyzontidae 
P~ tromyzon marinus 

Family - Angui11ida~ 
An3uilla rostrat a 

~amily - Clu?eillae 
Alosa aestival is 
~12.~.2 m~~i.Q£!.i1 
t!Q~ 2seudoharen~us 
Alosa sao idissi~a 
Brevoortia tyrannus 
Co rosoMa ce~dianum 

camily - SalmonidaP 
Cores.2nus artedii 
Sal ,110 oa i rdn e ri ----- ~--------S :3L mo trutta 
Salvelinus fontinalis 
s. fonti nal is x 

s • n~~ 21~ us!:! 

Family - csoc i dde 
Esox luc ius -----
ESQ~ ffi~~~lDQQ3Y 
E S()X Dl.9_P r 

=•_ma~uinongy x 
~-1!!£1~~ 

Family - Cyprini~aP 
r d rassiu s aurdtus 
Cyorinius caLQio 
Nocomis mic ro2ogon 
Note;igonus crysoleucas 
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Common Na rne 

Lamprvys 
Sea lamprey 

Fresh..,ater eels 
Ame rican ee l 

Herr i nqs 
Blueback he rring 
Hicko ry sh31 
Al ew if e 
A me r i c an sh .:, d 
Atlantic menhaden 
Gizz.:irc1 shad 

Trouts 
Lak•_ hPrrin·~ 
Ra in~ow trout 
Brown trout 
B r o o k t r O\J t 

Sp l ake 

Ptkts 
"-:c rt he rn J: i -<.e 
Mu s~e 11 ·rnye 
Cha in pi ckerel 

T1Qer rruski,e 

~innows and c~rps 
Go ldfish 
Ca r µ 
Qiv ,~ r chut> 
Go l den shi n~ r 



TA~LF 6.1 . Continu~d. 

Sc iP.ntific Name 

Family - Cyprinidae 
~Q!!:QQ!i ~~u~ 
~otrQQiS Q~dSQDl~i 
No!!_Q.Qi~ QIQ£~ 
~2!I2Qli r~be!!us 
~2tr22l~ i12ll2Q!~r~~ 
~otr212l~ spp. 
PimeQhales notatus 
Rhinichthys atratulus 
Rhinichthys cataractae 

Fami ly - Catostomidae 
(d_rQiodes ciQrinus 
catostomus commersoni 
Eri!.!!.Yzon oblongus 
HyQenteliu~ ni 4 ricans 
~oxostoma macro l e~idotum 

ramily - IctaluridHe 
Ictal urus catus 
1c t~~!:,US !}2talll 
1£!~~~~ ne~~lQ~~~ 
Ictalurus Qunctatus 
~2!.~rui gy.r:i n~i 
No!ur~i lr1sign~1 
No!~r.us spo . 

Family - Be l o niJae 
Strongylura ma rina 

Family - Cyprinodontidae 
funJulus het~ r ocli~us 

Family - Percichthyidae 
~O!Qfrg ~~!!£~!}~ 
~orone sax at i 1 is 
M. i~~~tilii X 

~ · £b!.:.Y§.2Qi 

6-l J 

Co mmon Name 

Comely shiner 
Spottail shiner 
S w a 11 ow t a i 1 sh i nE:- r 
Kosy face shiner 
Spotfin shine r 
Minnows 
B1 untnose minnow 
bl aci<.nose dace 
Longnose dace 

Suckers 
Qu i 11 bacl< 
White sucker 
Creek chuhsucker 
No rt hern hog suc~er 
Shortheaci reJhorse 

Freshwate r catfishes 
Wh ite catfish 
Yell ow bullhead 
9 rJwn bu llhead 
Channel catfish 
Tadpole 111adtom 
Mar g ined mddt:om 
t'aotoms 

~Jee d 1 e f i shes 
Atlantic need ltfish 

Ki 11 if i shes 
Mummicho -:i 

Temperd t e tasse s 
white pe rch 
Striped !lass 

Stri ped bass x 
\o.hite ~ass 



TA PLF '> .l. Continu ~<1 . 

----~--~-~~--~------------------~------~---------~--
Sc i e ntifi c Name 

Family - centrarchidae 
Amh1oQl ites ruoestris 
leQomis auritus 
laQomis ct.2neltus 
lt!~Omis g_ ibbosus 
l eoom is macrochirus 
Microeterus dolo~ieui 
~ i c roQterus salmoides 
Pomox is annularis 
Po~o xis niJromaculatus 

~am1ly - Perci~ae 
FthYosto~a olmst~di -~-~---- ~--~--
Etn~0 stoma zona l P 
Pe.re a f 1 avescens 
Percina caorodes 
Pere 'i na .Q_el tata 
Stizos~edion vitr~um vitreum -------

6- 19 

Common Narne 

Sunfishes 
Rock bass 
Redbreast sunfish 
Green 5unfish 
Pumpl<ins e e d 
B1ueg i11 
S ma 1 1 m ou th '1 d s s 
Larqe110uth bass 
White crapp ie 
Black c r appie 

Perches 
Te ssellated ~arte r 
Band ed cLJrte r 
Ye ll ow Pt.: r ch 
Lo gpe rch 
Shie l d ddrt~r 
wa ll e y€ 



TABLE 6.2. 

Comparison of annual catch of fishes at the Conowingo Fish Lift, l April through 15 June, 1972 to 1985. 

Year 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 
No. Days 54 62 58 55 63 61 35 29 30 37 44 29 34 55 
Lifts 817 152i' 819 !>14 684 707 358 301 403 490 725 648 519 1118 
Est. Oper. Time (Hr.) 607 996 500 307 375 413 212 187 221 275 502 299 251 542 
Fishing Time (Hr) 313 623 222 189 252 245 136 123 117 178 336 224 192 421 
No. Species 40 43 42 41 38 40 44 37 42 48 48 41 35 41 

American ee 1 805 2050 91937 64375 60409 14601 5878 1602 377 11329 3961 1080 155 550 
Blueback herring 58198 330341 340084 69916 35519 24395 13098 2282 502 618 25249 517 311 6763 
Hickory shad 429 739 219 20 - 1 - - l 1 15 5 6 9 
Alewife 10345 144727 16675 4311 235 188 5 9 9 129 3433 so 26 379 
American shad 182 65 121 87 8~ 165 54 50 139 328 2039 413 167 1546 
Gizzard shad 24849 45668 119672 139222 382275 742056 55104 75553 275736 1156662 1226374 950252 912666 2182888 
Atlantic menhaden - - 112 - 506 1596 - - 16 42 - l - 1 
,Trouts l - - - - - - - - - - - - -Rainbow trout 34 67 20 24 54 291 70 15 23 219 20 2 5 70 
Brown trout 172 286 483 219 427 700 261 324 258 207 219 225 141 175 
Brook trout l 3 4 l - 2 23 - 4 3 5 2 - 1 
Trout - - - - - - - - - 2 
Chain pickerel - 1 10 - - l - - - 11 
Northern pike - 2 2 - - 2 2 4 3 - 5 
Muskellunge 20 104 9 7 12 48 14 5 27 l 4 - - 15 
Minnows - - - - - - - - - - 1 

°' Goldfish - 27 1 9 4 1 - - - l I 
N Carp 4370 16362 34383 15114 6755 16256 11842 14946 8879 18313 15362 16273 8012 6729 0 River chub - - - - - - - - l 

Golden shiner 165 430 437 751 1622 652 221 304 35 155 92 216 8 292 
Comely shiner 5 252 3870 2079 740 769 11 !>2 1707 761 281 14214 3176 871 5141 
Spottail shiner 34 137 2036 268 1743 8107 8506 1633 849 31 315 2132 - 3525 
Swallowtail shiner - - - - - - - - - l 
Rosyface shiner l - - l - - - - - - 8 
Spotfin shiner 103 40 3011 1231 45879 7960 3751 41 314 524 622 501 - 2695 
Bluntnose minnow - - - - - - 4 
Blacknose dace - - - - - - - - - - 2 
Longnose dace - - l - - - 4 
H1nno1Js 264 3 - - - - - - - - 6 
Quill back 7119 27780 14565 8388 9882 6734 2361 5134 2929 3622 1617 4679 1942 957 
White sucker 363 1034 286 152 444 282 189 906 1145 1394 582 412 109 776 
Creek chubsucker 3 3 1 - - - - - - 4 2 
Northern hog sucker - 2 - 1 5 - 3 6 13 l 
Shorthead redhorse 1097 4420 434 445 1276 1724 697 2163 1394 6533 6974 7558 3467 3362 
White catfish 3070 6394 2200 6178 1451 3081 982 515 605 2199 565 224 77 1094 
Ye 11 ow bu 11 head 7 45 l 32 2 47 25 13 18 36 61 10 7 21 
Brown bul !head 510 5328 1612 740 451 2416 125 284 675 531 338 179 69 461 
Channel catfish 61042 55084 75663 74042 41508 90442 48575 38251 38929 55528 40941 12559 20479 15200 Margined madtom - - - - - - - - - - 6 
Mad toms - - - - - - - - - - 1 Tadpole madtom - - - - - - - - - - l 
Munmi chog - - - - l - - - - - l 
White perch 50991 647493 897113 511699 568018 224843 113164 43103 26971 83363 53527 23151 6402 68344 • Striped bass 3142 495 1150 174 13 1196 934 260 904 3277 60 23 181 213 
Rock bass 66 32 31 46 227 128 50 46 88 381 138 269 158 122 
Redbrease $Unftsh 707 2056 1398 3040 3772 8377 4187 3466 1 524 1007 .1335 401 46b !1366 



TABLE 6.2. Continued. 

Year 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 
No. Oays 54 62 58 55 63 61 35 29 30 37 44 29 34 55 
Lifts 817 1527 819 514 684 707 358 301 403 490 725 648 519 1118 
Est. Oper. Time {Hr.) 607 996 500 307 375 413 212 187 221 275 502 299 251 542 
Fishing Time {Hr.) 313 623 222 189 252 245 136 123 117 178 336 224 192 421 
No. Species 40 43 42 41 38 40 44 37 42 48 48 41 35 41 

Green sunfish 3 - 4 39 81 168 25 - 16 28 91 16 7 133 
Pumpkinseed 229 2578 2579 1000 878 1687 512 323 446 306 848 228 104 1013 
Bluegill 567 1423 927 3058 2712 5442 1361 813 942 ll99 1184 587 284 6048 
Smallmouth bass 182 298 119 153 327 701 262 374 455 881 10% 1003 608 1081 
Largemouth bass 82 BO ·23 19 33 14 22 22 41 13 20 17 B 67 
White crappie 4457 664 4371 9290 2987 1003 673 384 100 231 303 450 59 345 
Black crappie B 4 25 45 86 199 103 53 15 20 39 46 6 45 
Tessellated darter - 1 4 1 - - 1 - - 2 - - - 1 
Yellow perch 5955 1090 682 494 2904 735 526 379 373 1007 724 387 487 2145 

• Logperch - - - - - - 27 - - - - - - , 
Shield darter - - - - - - - - - 1 

°' Walleye 1840 2734 1613 369 2267 2140 967 2491 4153 2645 504 663 236 609 I 
N Banded darter - - - - - - 1 
t--' Atlantic needlefish 1 1 2 - - - - - - -

Lampreys - - - - - - - - - - - 2 
Sea lamprey - 2 - 2 29 11 1 3 1 55 56 8 4 164 
Lake herring - 1 - - - - - - - - - 1 
Striped bass x white bass - - - - - - 270 273 2674 39 160 355 282 1377 
Tiger muskie - - - - - - 13 132 34 53 56 16 10 73 
Sp lake - - - - - - - - - - - - 2 

241419 1300345 1617888 917043 1175616 1169161 276045 197769 372379 1353308 1403175 1028090 957821 2317797 



TABLE 6.3 • 

Daily sunvnary of fishes collected at the Conowingo Fish Lift in spring, 1985. 

Date 1 Apr 5 Apr 7 Apr 9 Apr 11 Apr 13 Apr 17 Apr 19 Apr 
No. Lifts 9 11 13 11 12 10 15 13 
First Lift 715 615 605 605 620 600 600 605 
Last Lift 1300 1200 1155 1220 1155 1206 1340 1210 
Operating Time 5.75 5.75 5.83 6.25 5.58 6.10 7.67 6.08 
Fishing Time (Hr) 3. 75 4 58 4.67 5.00 4.50 4.17 6.25 4.38 
Ave River Flow 90300 88200 69500 56200 47900 4l200 32200 . 30100 
Ave Water Temp 51.8 46.4 48.2 50.9 49.1 52.7 54.5 56.3 
Attractant Used? NO NO NO NO NO NO NO NO 

American eel 2 3 - - - - 2 
Blueback herring 
Hickory shad 
Alewife 4 - 1 11 1 - 1 3 
American shad - - - 1 
Gizzard shad 10960 2971 24500 4700 21350 4083 316l 9950 
Atlantic menhaden 
Rainbow trout 
Brown trout 1 1 1 3 
Brook trout 
Muskellunge 
Carp 2 - - - - - 2 1 

Cl' Golden shiner - - - - - - - 5 
I Comely shiner 

N Spottan shiner 40 201 N - - - - - -
Spotfin shiner 
Quill back - - - - - - 1 
White sucker 87 1 10 10 2 11 54 19 
Shorthead redhorse 5 - 1 2 1 - 107 5 
White catfish 
Yellow bullhead 1 
Brown bullhead 1 
Channel catfish 269 - - l l - 14 84 
White perch - - - - - - - 20 
Striped bass - - - - - - - 1 
Rock bass 
Redbreast sunfish 
Green sunfish 
Pumpkin5e~d - - - - - - - 5 
Bluegi 11 - - - - - 8 35 25 
Sma llmouth bass - - - - - - 8 8 
Largemouth bass - - - - - - 3 2 
White crappie 
Black crappie 
Tessellated darter 
Yellow perch 20 - -
Log perch 

2 2 4 76 299 

Walleye - - 2 1 - - 6 3 
Sea lamprey - l - - - l - 1 
Striped bass x white bass 15 2 71 18 22 26 111 170 
Tiger muskie - 1 - - - - s 

TOTAL "1"13G7 •••o ... _ - ... ~~~- ·~-~~- ~··7· _..,=-• 



Date 21 Apr 22 Apr 23 Apr 24 Apr 25 Apr 26 Apr 27 Apr 28 Apr 
No. L1 fts 33 44 25 21 28 26 31 26 
First Lift 605 600 635 700 600 600 600 505 
Last Lift 1704 1809 1814 1805 1805 1725 1850 1655 
Operating Time 10.98 12. 15 11. 65 11.08 12.08 11.42 12.83 11.83 
Fishing Time (Hr} 5.68 5.65 9.07 8.42 9.40 7.23 8.95 8.60 
Ave River Flow 26500 26200 24400 25900 22100 22600 22600 21900 
Ave Water Temp 59.0 59.7 61.0 61.8 65.3 66.2 67 .4 67.5 
Attractant Used? No No No No No Yes No Yes 

American eel • 1 2 1 15 6 9 16 4 . 
Blueback herring - - 10 11 5~ 61 428 386 
Hickory shad - - - l - - 2 1 
Alewife 45 34 25 33 12 1 4 72 
American shad 19 6 36 45 22 21 62 108 
Gizzard shad 82000 114785 45705 40715 41065 72075 101670 118250 
Atlantic menhaden 
Rainbow trout 1 
Brown trout l 1 - 1 - 3 2 3 
Brook trout 
Muskellunge - - - - - - 2 
Carp 2 44 28 11 82 285 159 138 
Golden shiner 9 3 11 41 20 25 46 17 
Comely shiner - - - - 10 6 - 200 
Spottail shiner 120 152 158 469 678 125 245 36 

0\ 
Spotfin shiner 

I Quil 1 back - 4 - - 5 31 2 19 
N White sucker 88 92 16 54 30 42 34 6 
I.,.) Shorthead redhorse 57 298 178 54 79 64 109 21 

White catfish - 1 - - - - - 1 
Yellow bullhead - - - - 1 - 2 2 
Brown bu 11 head - - - 8 3 l 2 4 
Channel catfish 53 82 54 318 183 85 90 24 
White perch 301 488 1005 365 629 476 530 335 
Striped bass 1 2 
Rock bass 3 2 2 8 10 3 3 7 
Redbreast sunfish 3 8 6 30 47 26 42 23 
Green sunfish 1 - - 1 5 2 1 1 
Pumpkinseed 2 11 5 20 15 19 8 2 
Bl uegi 11 142 76 96 47 140 111 159 55 
Sma llmouth bass 42 27 52 30 74 129 285 105 
Largemouth bass 6 l 5 1 6 - 9 4 
White crappie 11 3 3 4 13 4 13 12 
Black crappie 1 - 1 - 6 2 1 1 
Tessellated darter 
Yellow perch 155 178 120 98 149 86 114 52 
Logperch 
Walleye 14 20 12 20 9 9 31 10 
Sea lamprey 4 3 1 - 1 2 7 20 
Striped bass x white bass 115 81 24 7 9 3 3 s 
Tiger muskie 4 4 2 7 4 3 4 3 

83202 116408 47556 42414 43365 73709 104085 119927 



TABLE 6.3 • Continued. 

Clate 29 Apr 30 Apr 1 May 2 May 3 Hay 4 Hay 5 Hay 6 Hay 
No. Lifts 21! 35 31 28 28 24 22 21 
Fist Lfft 510 506 502 515 519 605 607 600 
Last lift 1702 1904 1845 1755 1805 1800 1800 1730 
Operating Time 11.87 13.97 13. 72 12.67 12.77 11.92 11.88 11 . 50 
Fishing Time (Hr) 9.75 10.32 10.07 9.93 9.78 9.95 9.82 9. 83 
Ave River Flow 19500 17700 19600 17800 26700 40400 45300 41900 
Ave Water Temp 67.7 67.7 67.7 66.2 67 .1 65.3 65.3 64.5 
Attractant Used? No No No Yes No Yes No Yes 

American ee 1 6 14 7 7 30 4 5 6 
Blueback herring 1 164 135 113 105 922 214 86 
Hickory shad - - 3 
Alewife - - 3 1 6 12 2 3 
American shad 9 66 144 134 9 68 74 41 
Gizzard shad 49095 86725 54320 48565 39650 45195 14210 24247 
Atlantic menhaden 
Rainbow trout - - 50 - - 1 
Brown trout - l 3 1 12 4 4 4 
Brook trout - 1 
Muskellunge 1 1 7 
Carp 596 247 30 53 205 3 6 6 
Golden shiner 5 10 8 3 5 11 7 2 

0\ Comely shiner - - - 26 - 16 23 7 
I Spottail shiner 15 731 37 75 12 21 2 N 

.i:- Spotfin shiner - 3 - - - - 1 
Qu il 1 back 2 3 - - 7 l l 2 
White sucker 4 6 8 7 13 29 4 8 
Shorthead redhorse 27 106 19 l 07 203 87 62 109 
White catfish 14 7 7 8 7 11 10 10 
Yellow bullhead - - - 1 - 1 
Brown bullhead l 14 - 1 5 7 8 4 
Channel catfish 351 172 304 239 590 89 214 358 
White perch 630 355 1124 970 1792 1355 380 1087 
Striped bass - - - - - 1 2 
Rock bass 2 9 4 4 1 5 5 4 
Redbreast sunfish 65 91 20 23 23 39 34 29 
Green sunfish - 2 1 2 1 4 1 2 
l'umpkinseed 21 49 9 12 3 11 3 1 
Bluegil 1 143 146 44 22 45 117 47 23 
Smallmouth bass 48 17 20 17 21 24 11 3 
Largemouth bass - 1 - - 1 1 
White crappie 2 14 6 2 - 10 
Black crappie - 2 1 - 1 12 
Tessellated darter - - - 1 
Yellow perch 86 127 72 42 20 22 14 
Logperch - - - - - - -
Walleye 11 15 14 17 9 11 2 8 
Sea lamprey 8 25 18 15 7 4 10 4 
Striped bass x white bass 2 1 1 2 15 4 2 3 
Tiger muskie 2 - 1 2 1 - 1 2 

., 14> OQ!l?'~ ,...._...,n_, .. 0477_ ... :,,~QQ 4R10;1" IS~IIIO 



Date 7 May 8 Hay 9 May 10 May 11 Hay 12 Hay 13 May 14 May 
No. lifts 22 21 22 13 17 28 23 21 
First Lift 558 558 600 1105 600 604 555 555 
Last l1 ft 1730 1700 1820 1800 1555 1712 1820 1600 
Operating Time 11.53 111.03 12.33 6.92 9.92 11. 13 12.42 10.08 
Fishing Time (Hr) 9.38 8.87 10. 43 5.63 8.35 7.92 10.33 8.30 
Ave River Flow 68400 32100 27700 26200 19100 23600 21200 22000 
Ave Water Temp 62.6 62.6 62.6 64.4 63.5 63.5 63.5 65.3 
Attractant Used? No Yes No Yes No Yes No Yes 

American eel 3 3 2 - - 3 3 9 
Blueback herring 321 109 124 16 95 335 49 141 
Hickory shad - - - 2 
Alewife 8 13 3 9 3 15 5 1 
American shad 35 21 46 18 5 30 61 22 
Gi 22ard shad 77710 86450 31700 33275 96150 85175 25350 33925 
Atlantic menhaden - - - - - -
Rainbow trout - - - 1 - . 1 
Brown trout 6 2 3 1 1 3 5 5 
8rook trout 
Muskellunge 1 - - - 1 
Carp 47 64 22 26 3 3 67 106 
Golden shiner - 3 4 2 7 6 5 10 

a.. Comely shiner 30 - - 111 30 - 175 451 I 
N Spottail shiner - - 2 100 30 60 
V'I Spotffn shiner - - - - - - - 25 

Qui 11 back - 3 1 - - - 2 53 
White sucker 5 9 11 6 6 3 9 35 
Shorthead redhorse 75 80 222 55 128 55 256 220 
White catfish 4 6 5 - - 1 17 6 
Yellow bullhead 1 6 
Brown bullhead 6 2 10 5 2 1 17 8 
Channel catfish 283 14.i: 126 65 85 9 79 248 
White perch 1133 521 1583 208 1426 825 1305 1286 
Striped bass l - l 1 
Rock bass 1 - 5 5 3 2 4 1 
Redbreast sunfish 53 10 35 88 88 115 112 93 
Green sunfish 1 1 2 22 1 11 4 1 
Pumpkinseed 16 12 2 19 23 40 65 32 
Bluegill 56 32 75 88 156 166 222 136 
Smal lmouth bass 12 7 7 10 20 20 2 8 
Largemouth bass 1 2 1 1 2 
White crappie 2 - - 2 11 15 4 
Black crappie - - - - 1 
Tessellated darter 
Yellow perch 17 - 4 6 6 24 22 7 
Log perch 
Walleye 5 6 8 8 13 15 8 9 
Sea lamprey 4 7 3 - 6 4 
Striped bass x white bass 1 2 4 2 3 3 6 6 
Tiger muskie 1 - 1 1 2 3 1 1 

79839 87513 34012 34153 98307 86943 27855 36846 



TABLE 6.3. Continued. 

Date 15 May 16 May 17 May 18 May 19 Hay 20 May 21 Hay 22 May 
No. Lifts 24 22 19 25 17 21 19 19 
First lift 557 605 605 605 605 609 600 600 
Last Lift 1715 1656 1710 1730 1600 1729 1750 1700 
Operating Time 11. 30 10.85 ll .08 11. 42 9.92 11. 33 11.83 11.00 
Fishing Time (Hr) 8.90 8.75 9.42 9.37 8.55 8.98 10.25 9.23 
Ave River Flow 20900 18800 18700 21100 24200 22600 23500 21500 
Ave Water Temp 66.6 68.9 68.9 68.0 68.0 68.0 68.9 68.9 
Atrractant Used? No No No No No No No No 

American eel 28 22 9 9 4 15 31 13 
Blueback herring 12£ 66 10 76 83 16 15 60 
Hickory shad 
Alewife 2 - - - 4 3 7 
American shad 20 18 23 100 71 5 3 11 
Gizzard shad 60390 57960 60450 39240 50160 7150 13155 20700 
Atlantic menhaden 
Rainbow trout - 4 - - 1 
Brown trout 14 6 3 14 7 1 2 4 
Brook trout 
Muskellunge l 

CJ' 
Carp 232 30 108 46 1037 156 36 54 

I Golden shiner l l - l 6 - 2 
I',.) Comely shiner 25 725 335 - 175 25 25 50 
CJ' Spottail shiner 6 125 -

Spotfin shiner - - - - - 145 40 75 
Quil lback 4 - 3 - 100 33 154 8 
White sucker 7 10 6 5 1 6 5 3 
Shorthead redhorse 137 148 41 19 8 45 54 26 
White catfish 14 9 3 2 - 20 48 40 
Yellow bullhead - - - - - - 4 
Brown bullhead 9 10 4 6 3 9 34 22 
Channel catfish 413 371 209 89 88 371 653 453 
White perch 3777 3075 2165 3977 2235 2675 1175 3835 
Striped bass - - 2 1 1 1 - 1 
Rock bass 2 2 l 3 1 - 2 3 
Rebreast sunfish 170 183 142 173 139 78 74 82 
Green sunfish 7 - 7 - 2 3 l 7 
Pumpkinseed 41 52 29 53 25 22 17 22 
Bluegill 256 235 200 213 159 75 111 123 
Smallmouth bass 9 8 8 14 10 2 3 3 
Largemouth bass - 1 5 2 5 1 - l 
White crappie 8 19 5 14 7 - - 2 
Black crappie l 1 - 1 3 
Tessellated darter 
Yellow perch 19 24 11 11 22 11 13 14 
Logperch l - - - - - - -Walleye 23 25 5 19 16 10 12 14 
Sea lamprey - l - - - - l -Striped bass x white bass 15 13 16 34 9 9 16 12 
Tf9er Muskie 1 2 2 - - - 1 l 



Date 23 May 24 May 25 May 26 May 27 May 28 May 29 May 31 May 
No. Lifts 21 21 22 18 23 19 17 12 
First Lift 600 605 600 600 613 600 600 600 
Last Lift 1728 1745 1700 1700 1755 1625 1700 1200 
Operating Time 11 . 47 11.67 11 .00 11.00 11.70 10.42 11.00 6.00 
Fishing Time (Hr) 9.20 9.93 8.92 9.42 8.88 8.58 8.67 4.42 
Ave River Flow 19400 19400 16000 17100 15900 11 500 12700 17400 
Ave Water Temp 68.0 68.0 67. 1 68.0 68.0 68.00 68.9 71.6 
Attractant used? No . No No No No No No No 

American eel 5 8 22 4 4 12 30 26 
Blueback herring 10 43 233 548 1505 43 11 16 
Hickory shad 
Alewife 3 4 8 3 7 4 - 2 
American shad 5 16 23 102 32 2 3 3 
Gizzard shad 30099 12995 28101 49800 60250 6800 9180 22850 
Atlantic menhaden - - - - - - - 1 
Rainbow trout - - 1 - - - 2 1 
Brown trout 2 4 7 5 8 2 1 3 
Brook trout 
Muskellunge 
Carp 7 9 3 3 306 432 696 8 
Golden shiner 1 2 1 2 2 1 - 5 

"' 
Comely shiner 50 50 1801 535 85 30 50 

I Spottail shiner - - - - 85 

"' Spotfin shiner - 82 1152 565 237 65 175 ....... Quill back 3 1 1 2 21 259 -
White sucker - 2 - - 2 1 2 
Shorthead redhorse 4 17 3 4 1 28 34 
White catfish 125 54 13 4 7 112 23 6 
Yellow bullhead - 1 
Brown bullhead 35 27 7 1 2 20 4 20 
Channel catfish 530 838 82 82 21 243 263 925 
Wh i te perch 4065 3477 2207 3100 4100 2645 3030 2015 
Striped bass 2 - 3 9 9 2 - 2 
Rock bass 4 4 1 1 1 - 1 
Redbreast sunfish 93 99 58 213 82 93 96 73 
Green sunf1 sh - 2 l 2 3 3 8 
Pumpkinseed 10 24 11 50 22 31 35 6 
Bluegill 68 162 303 335 179 124 157 84 
Smallmouth bass - - 3 3 1 - 3 
Largemouth bass - - 1 1 - - 1 
White crappie 8 6 29 9 23 7 12 11 
Black crappie - - 2 1 1 1 
Tessellated darter 
Yellow perch 6 26 1 4 11 7 4 16 
Logperch 
Walleye 8 21 22 17 8 13 16 8 
Sea lamprey - 1 - 1 2 1 
Striped bass x white bass 40 28 69 39 67 18 29 10 
Tiger muskie - 2 - 2 1 - 1 

35183 18004 34169 55446 67066 10761 14127 26092 



TABLE 6.3. Continued. 

Date 2 Jun 4 Jun 6 Jun 8 Jun 10 Jun 12 Jun 14 Jun Totals 
No. Lifts 11 14 12 14 17 12 13 11 
First Lift 555 600 600 605 610 600 600 
Last L 1ft 1200 1132 1150 1200 1136 1140 1143 
Operating Time 6.08 5.53 5.83 5.92 5.43 5.67 5.72 541.86 
Fishing Time (Hr) 4.72 3.42 5.00 4.47 3.57 4.67 4.45 420.73 
Ave River Flow 19400 32300 23100 22900 16300 14800 12200 
Ave Water Temp 72.5 73.4 73.4 72.5 74.3 75.2 72.5 
Attractant Used? No No No No No No No 

American eel 16 2 18 38 6 22 43 550 
Blueback herring 19 - 8 - 1 - - 6,763 
Hickory shad - - - - - - - 9 
Alewife - - - - - - - 379 
American shad 4 - 1 l - - - 1,546 
Gizzard shad 24875 28050 5270 20900 28620 3350 12860 2,182,888 
Atlantic menhaden - - - - - - - l 
Rainbow trout - 4 1 - - 2 - 70 
Brown trout 3 3 2 4 3 1 1 175 
Brook trout - - - - - - - 1 
Muskellunge - - 1 - - - - 15 
Carp 135 457 35 255 365 14 67 6,729 

0\ Golden shiner 1 - - 1 - - - 292 
I Comely shiner 75 - - - 20 - - 5,1 41 

N 
00 Spottail shiner - - - - - - - 3,525 

Spotfin shiner 125 5 - - - - - 2,695 
Quill back 24 42 21 77 28 4 34 957 
White sucker - 2 3 - 1 1 - 776 
Shorthead redborse l - - - - - - 3,362 
White catfish 1 85 47 69 215 36 46 1,094 
Yell ow bu 11 head - - - - 1 - - 21 
Brown bu 11 head - 30 19 29 38 17 5 461 
Channel catfish 110 2245 270 590 785 441 515 15,200 
White perch 335 130 40 45 75 42 5 68,344 
Striped bass 19 3 9 4 9 123 3 213 
Rock bass - l - 1 1 - - 122 
Redbreast sunfish 73 45 97 61 37 58 44 3,366 
Green sunfish 2 6 8 3 - 1 - 133 
Pumpkinseed 42 8 23 26 37 15 7 1,013 
Bluegi 11 112 32 290 121 151 94 52 6,048 
Smallmouth bass 2 1 1 - 1 1 1 1,081 
Largemouth bass 2 - - - - - - 67 
White crappie 11 1 8 10 7 10 5 345 
Black crappie 2 1 - - - 1 - 45 
Tessellated darter - - - - - - - 1 
Yellow perch 27 7 13 29 26 8 10 2,145 
Log perch - - - - - - - 1 
Walleye 12 4 6 15 11 20 7 609 
Sea lamprey - - - - 1 - - 164 
Striped bass x white bass 89 2 17 9 12 82 3 1,377 
Tiger muskie 2 - 1 - - - 1 73 

··" '1!. 
~t IIMI -- .... 7. :ao4•1 ·~·· ~ ' ~7oe ___ •.s•7.797 



TAeLE 6.4 . 

Mean, ~ 1n1mum, and maximum fork ,ength (mm); aoti ; dnd 
spawning history of a lewife collected at the Conowingo 
Dam Fish Lift in 198~. 

Sex Age 

Male 3 10 
4 10 
5 5 
6 2 

Spawning History 

No. 
Virgins 

10 
q 

4 
l 

No . 
Re;:>eats 

Single 

1 
l 
1 

Mean 
(FL) 

23 l 
238 
260 
269 

Min . 
(FL) 

208 
227 
247 
264 

Max. 
(FL) 

238 
249 
269 
274 

----------------------------------------TOTAL 27 24 3 242 2ua 274 

Fem<J 1 <:! 3 l l 2 31 2 . .H 
4 8 7 l 252 240 2.66 
5 3 3 267 256 288 
6 4 l .1 z7c:, 2o9 Zs:}4 

------·----------------------·-----·-·-·---
TOTAL 16 12 4 259 231 2~4 

-----------------------------------------------------------
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TABLE 6.5. 

~ean, m1n1mum, and maximum fork length (mm); age; and 
spawning ~ istory of blueback herring collected at the 
Conowingo Dam fish Lift in 1985. 

Sex 

Male 

TOT Al 

Female 

f u TAl 

Age 

4 
5 
6 
1 

4 
5 
6 
7 

N 

10 
63 
20 

3 

96 

) 

34 
17 

3 

Spawning History 

No •. 
Vir·gins 

No. 
Repeats 

Single Double 

9 
;10 

4 

~-3 

3 
17 

2 

l 
33 
16 

5 0 

17 
1 2 

1 

1 

l 
3 

4 

2 

M~an 
(FL) 

237 
248 
258 
2b6 

252 

2ct3 
256 
266 
2UO 

Min 
(FL) 

218 
229 
234 
250 

238 
234 
247 
277 

Max 
(Fl) 

26u 
211 
270 
279 

279 

2 50 
28 4 
zqu 
284 

---------,-----~-~----------------------------------------------
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TABLE 6.6. 

comparison of the American shad catch, catch per effort (hr), 
and effort between low {one unit generation) and hi~h 
discharges {two or more unit generation) dt the Conowingo ~am 
Fish Lift, 21 April through 27 May 19 85. 

Generation 
Status 

low 
Hi g h 

TOT Al 

No. 
caught 

6 86 
845 

1531 

Total 
Tirne 

Fi shed 
(min) 

4228 
15660 

6-31 

Number 
Of lifts 

206 
714 

Catch 
Per Hr 

9.74 
3.2~ 

4.62 



Comparison of catch per effort (hr) of Am e rican shad on weekdays vs. 
week e nd days and gen e ration (cfs) at : he Conowingo uam r i ~h \.ift, 
2 1 April throuqh 27 ~ay 1985. 

-------------------------------------------------------
Lift Time Suou cfs 

Ca tch/Hr 
10-20000 

(c fs) 
Catch/Hr 

25-40000 
{cf s) 

Catch/Hr 

45000 c:fs 
(C f S JI 

Catch/Hr 

Total 
Catch/Hr 

--------------------------------------------------------------
weekdays 0600- 0900 

0901-110 0 
1101-1500 
150 1-1 900 

Me~n weekday 

Weeken d 0600-QQOO 
090 1-llQ,J 
11 0 1-1 500 
1 501-lQOO 

2.3 
2.4 
a. 2 

1 3.7 

9.7 

1 3 . 5 
6.1 
8 .6 
9.2 

n-3 2 

2.2 1.1 

4.3 2 . 4 

6.5 1. l 
1. 3 u. u 
1.s 0 . 3 
0.?. o.o 

1. ~i 
3. ~! 
2.6 
1.1 

2. 'j, 

2.4. 
3. OI 
a. 5, 
6.1 

1.1 
3 . 2 
3.3 
-, • 2 

3.8 

11.6 
3.2 
5.5 
6 .4 



TA BLE 6.8. 

Catch/hour and percent of American shad in the Conowingo Q1m 
fish lift by water temperature• 21 April through 14 June 1qa5. 

water Temp {F) 

~ 65 
> o5 

TOT Al 

Hours Fishing 

100.40 
231.07 

331.47 

6-33 

-------- Catch ___ ~~~ 
No. C/E % 

360 
1171 

1531 

3.59 
s . 0 1 

4.62 

23.5 
76. 5 



Total a nd catch/hou r of American shad by date and weir gat~ 
setti ng ~u ring modified li f t operation at Conowingo Dam, 1Q85 . 

Date ~One 
Weir 
Gate 
Open 

::Two 
Weir 
Gate 
Open 

Bott, 
Weir 
Gates 
Open 

Dd i l y 
Total 

-----------------------------------------------~-------------
22 Apr nAmerican shad 

Fishing Time(hr) 
catch/Hr 

26 Apr ~Ame rican shad 
fishing Ti me(h r) 
C:1tch/Hr 

2 7 Ao r ~American shad 
Fishin'j Tim E> (hr) 
Catch/Hr 

28 Apr ~Ameri can shad 
Fish ing Time (hr) 
Catch/H r 

29 Aor ~American shad 
Fishing Time(hr) 
ca tch/Hr 

10 Apr ilme ri can shad 
Fishinsi Ti me (hr) 
Cdtch/H r 

l May ~Ame ri can shad 
Fishiny Time (hr) 
Catch/Hr 

2 ~ay ~A~e ric an sh il1 
F ishing Ti mE>{h r) 
Latch/ Hr 

3 May ~Ame rican sha d 
Fist-iin9 Ti mc(h r) 
Catch/H r 

Continu e'1 

o. o 

2 
0.1 

6.67 

o.u 

0. l) 

o. o 

IJ . 0 

o.o 

o. o 

o.o 

5-34 

1 
0 . 6 

1. 67 

o. o 

4 
0 . 3 

1 3 .33 

69 
3 . 2 

21 . 56 

4 
3.3 

1 . 21 

SR 
2.3 

2s . 22 

104 
2 . 8 

37 . 14 

0 
1. 2 

o. oo 

~ 

s . o 
o. 80 

19 
1.0 

2.11 

5 8 
8 . 6 

6 .74 

s 
6 . 5 

o. TT 

8 
8 . CJ 

1.ou 

76 
6 . 5 

11.69 

3u 
1 . 2 

4. 17 

9 
a. s 

t. 06 

21 
1. 2 

2.92 

l U3 
8.6 

ll.56 

66 
10. J 
6 . 41 

144 
l u • 1 

14. 26 

134 
9. 9 

D . 54 

9 
9.7 

0 . 93 



TABLE 6.q. Continued. 

---------------------------------~---------~------
Date none nTwo Both Dai 1 y 

Weir Weir Weir Total 
Gate Gate Gates 
Open Ooen Open 

----------------------
8 May :,American shad 3 18 21 

Fishing Time{hr) o.u 3.7 5.2 8 .9 
Catch/Hr a.at 3.46 2.36 

11 May ~American shad l 4 0 s 
Fishing Tim~(hrJ o.s 2.a 5.1 8 .3 
Catch/Hr .z .oo 1.43 o.oo 0.60 

15 May nAmeric3n shad 11 9 2U 
Fishing Ti me (hr) o.o 2.6 6.3 8 .9 
Catch/Hr 4.23 1.43 2. 25 

16 May ::American shad '5 13 18 
Fishing Time(h r} o.o 2. 8 6.0 8 . 8 
C.:3tch/Hr 1. 79 2.1, 2.05 

18 May nAmerican shad 5 3 92 lOu 
Fishing Time(hr) o. s 1.2 1.1 9 .4 
Catch/Hr 10.00 2.so 11.95 10 .6't 

24 May ::American shad 0 16 16 
Fishing Time (hr) o. s J . 00 9.4 9.9 
Catch/Hr o.oo 1.1~ 1.62 

26 May nAmPr ican sl-1ad 17 8 4 101 
Fishing Time(hr) o.o 3.6 5.6 ~ .2 
Catch/H r 4. 7 2 15.UO l0.9 8 

21 May nAme rican shad 9 24 32 
Fi sh i ng Tim~(hr) (.) . o 3. 3 5.6 d . 9 
Catch/Hr 2 .42 42.9 3.60 

Total .. s t,ad 8 359 504 8 71. ., 
Total Fishinq Ti!Tle(hr) 1.a 37 .3 113.6 152.7 
Catch/Hr 4.44 9.62 4.44 5.70 

---------------------·--------------------------
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TABL E 6 .1 u . 

Da ily number by sex of American shad floy tagyed 
at the Con ow i nqo Dam Fish lift, 1985. 

-----------------------------------·------------
Da te Female Male Tot a l 

------- -----------------
9 Apr 1 1 

21 Apr 3 16 19 
22 Ap r 6 b 

23 Apr 12 2.1 3 3 
25 Apr 4 12 1 6 
26 Apr 2 15 17 
29 Apr l , a 
30 Apr 2 2 

2. Mdy 1 2 3 
3 May l 6 7 
a May 6 12 l B 

l U ,"lay 4 11 15 
11 May 2 3 5 
1 2 May 6 18 24 
14 May 5 17 22. 
15 May 5 11 lb 
1 6 "'1 ay 2 1 3 15 
17 May 4 14 1a 
20 May 5 5 
21 ~ay 2 2 
22 May 2 6 b 

23 M 1y 4 4 
24 Ma y 2 13 1 ? 
25 M..Jy 3 17 20 
27 May 7 l .., 24 
2d Ma/ 2 2 
29 May l l 

TOTAL 75 25 1 326 
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TABLE 6 elle 

Data for tagged American shad recdptured at the 
Conowingo Dam Fish lift. lQS5. 

Rec.:t p ture Ddte 

28 Ap r 
28 Apr 

'3 May 
23 Apr 
29 Apr 
29 A.pr 
31') ~pr 
10 May 
30 Apr 

l May 
3 ' ' av 
l ~ ay 
1 "'ay 
1 :•1 ay 
l 11 ay 
2 ~ay 
2 May 

23 May 
2 \\ay 
2 1

1·'ay 
'1 May 
c; ~· av 
~ "lay 
9 r,ay 

26 r· av 
12 1.1 ay 
13 \lay 
13 tJ ay 
l S ~, ay 
1c t'ay 

Tag Oate 

3 May 1984 
21 Apr 

22 Apr 
21 Aor 
23 Apr 
23 Apr 

23 Apr 
23 Apr 

21 Apr 
25 Apr 
23 Apr 
23 Apr 
21 Apr 
23 Apr 

21 Apr 
25 Apr 
21 Apr 
23 Apr 
23 Apr 
23 Apr 

22 Ap r 
23 Apr 
26 Apr 
10 May 
l u flay 

6-17 

Days Free 

360 
1 

10 
6 
7 
6 
7 

1 0 
1 
a 
7 

10 
6 
8 
8 

11 
9 

21 
11 

8 
13 
11 
13 
17 
17 
20 
20 
17 

5 
5 



TA~LE .s .11. Continued. 

--------------------~---------------------~ 
Recdpture Ddte Tag Oate Free Days 

---------------------------------------------
16 ·-•ay 27 Apr 19 
18 JJay 12 May 6 
18 May 10 May 8 
18 May 26 Apr 22 
18 May 21 Apr 27 
18 11 ay 12 May 6 
18 'Aay 10 May 8 
10 tJay 23 Apr 26 
19 t~ ay 3 May 16 
24 "1ay 14 '1ay 10 
25 nay 14 May 11 
26 ~ay l 
2-= '!ay 12 ~ay 13 
29 Ma y 4 
25 ~dY 14 ·-1. ay 11 
26 v. ay H , May l :J 

2 ', V..ay n May 9 
26 May A fl'ay 18 
2.6 ~·av 21 Aµ r 35 
26 "ay 1 2 Jun 19 84 348 
26 '1ay 14 ·~ay 12 
27 ~:ay 14 fwlay 13 
2, Vay 12 ~ay 15 
27 May a May 19 
2 .... ··av 14 May 13 
20 :-,a v 24 May 5 

---------------------------------------------
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TABLE 6.12. 

Mean, m1n1mum, and maximum fork length (mm}, ag~, and 
spawning history of AmPrica n shad collected at the 
Conowingo Dd~ Fish Lift in 1985 . 

sex 

~ale 

TOTAL 

Fem..i 1 e 

3 
'+ 
5 
6 

3 
4 
c; 
6 
1 

N 

42 
179 
r9 

6 

306 

2. 
35 
48 
23 

1 

Spawning History 

No. 
Vir')ins 

42 
5 

73 
4 

124 

2 
3) 
47 
18 

6 

No. 
Repeats 

Sing1e 

14 
6 
2 

22 

2 
1 
5 
l 

Mean 
(FL) 

339 
307 
446 
484 

398 

405 
419 
lt64 
509 
54L 

,, in. 
(Fl) 

247 
337 
3d6 
460 

247 

392 
350 
421 
465 
502 

Max. 
(Fl) 

389 
455 
49 U 
54:.1 

540 

4l~ 
471 
512 
5 !.J ~ 
574 

---------~-------------------------------------------------
TOTAL 115 q 463 3:>0 574 

6-3 9 



TAeLE &.1 3 . 

Summary of Trans portation of Amarican shad from the Conow1n Jo 
nam Fish Lift, 24 April through 26 May 1965. 

Date :: Co 11 ected 

24 Apr 45 

27 Apr 62 

2a Apr 108 

3u Apr 66 

l May 144 

2 ,"1ay 134 

4 May 68 

5 May 74 

o May 41 

7 "1 ay 35 

9 '-1a y 46 

13 May 61 

1 8 !"1ay l OJ 

19 May 71 

26 May l 02 

Water 
Temp(F) 

6le0 

67.4 

67.5 

67.7 

66.2 

65. 3 

65.3 

64.5 

68. o 

b'3 . 0 

08.0 

No. Tranis­
ported 

40 

50 

74 

50 

33 
65 

109 

67 

68 

39 

34 

45 

65 
25 
66 

84 

Location 

City Is,PA 

PFC Fairview 
Acce s~,PA 
PFC Fairview 
Access,PA 
PFC Fairview 
Ace, ss,?A 
OFC Fairview 
ACC0 S5,PA 
PFC Fairview 
Acces <:. , PA 
PFC Fairview 
Accc ss,PA 
PFC Fairview 
Access,oA 
PFC Fairv1ew 
Access,?A 
PFC Fa irvi ew 
Acc~ss,PA 
OFC Fairview 
Acc ~ ss,PA 
PFC Fairview 
Acce ss,PA 
PFC Fairview 
ACCE•ss,PA 
PFC Fairview 
A.ccess,PA 
PFC <=a irview 
Access,PA 

Obsarveu 
Mortality 

8 

3 

0 

0 
0 
3 

0 

0 

IJ 

0 

0 

2 

0 
0 
0 

0 

0 

TOTAL 11 5 7 967 - ------16 __ _ 

NA - i':ot avail '3b 1 e 
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TABLE 6 .13. Continued. 

--------------------------------------------------------
Date ~ Survival 00 DO Water Temp ( F) 3 t 

Start Finish Stock in') Loe at ion 

---------- ---------------------------------------
24 Aar 80 6.? s.2 63.l) 

27 Apr 94 13.0 10.0 68.0 

28 Apr 100 13.2 10.2 t.13.'3 

3v Apr lOu 13.4 9.8 69.9 

1 May 100 a.2 9.5 69.9 

9 'j 12.4 10.s 69.9 

2 May l Qt) 9.7 7.6 64.4 

4 ~ay 101.1 9 .4 I\A 61. 7 

5 May 100 14.2 10.5 63. 5 

b May 100 10 . 2 12.4 63.5 

7 ~ay 100 ~.2 10.0 l3.5 

9 l.1ay 9o 9.2 7.5 68.0 

13 M~y l Ou 9 .3 11.0 68 .9 

18 May 100 13. 0 12.2 6!3.0 

lOiJ >3 • 9 l 2 • 13 66.2 

19 l.1ay 100 10.6 10 .6 66.2 

26 May 100 13. 8 12.s 72.5 

------------------------------------------------------qd .3 

6-41 



TAIL& 6.14. 

SU11m11ry of Aalric:ao •had c•tch by 1eneretion durini period• of pa.k •bu~d•nce et the Con011in10 0... Fi•h Lift, 
19 !Uy tbroush 6 June 1983, 23 tbrou1h 29 Kay 1984, •nd 21 April throu1h 27 tt.y 1985. 

1 throu1h 31 Kay 1982, 

1982 1983 1984 
fotd Unit Unit No. Time Total Shad/ No. u- Total Shad/ No. Ti- Total Shad/ 
Dhchar1e 1 2 Lift• (llio) Sh.-d Hr Ufu Cain) Sh•d Hr Lift• (aio) Shed Hr 
(s l, 000 cf•) 

'5 On Off 1 15 l 4.0 ,s Off On 23 575 19 2.0 
~ s Off Off 157 4571 1179 15.5 19 495 125 15.2 l 15 0 o.o 

181 5161 1199 U.9 19 495 125 U.2 1 15 0 o.o 

10-40 Oo On 5 171 1 0.4 4 120 4 2.0 16 155 6 2.3 
10-40 0a Off 1 30 0 0.0 
10-40 Off 0a 46 1253 202 9.7 
10-40 Off Off 61 1937 U8 4.3 33 930 70 4.5 8 165 54 19.6 

113 3391 341 6.0 37 1050 74 4.2 24 320 60 11.) 

Ol•nse On On 7 190 4 1.3 2 45 0 0.0 6 90 l o. 7 
Olan&• On Off 4 120 19 9.S 
Ch•n1• Off 0a 15 405 35 5.2 
Ch90a• Off Off 38 1194 204 10.3 24 690 68 5.9 2 so 8.4 

64 1909 262 8.2 26 735 68 5.6 8 140 8 3.4 

»40 Oo Oo 36 1181 3 0.2 225 5135 88 1.0 120 2729 58 l.3 
w.o On Off 12 350 12 2.1 
>40 Off On 30 898 21 1.4 l 30 1 2.0 5 150 8 3.2 
>40 Off Off 28 1006 46 2.7 21 600 19 1.9 

106 3435 82 l.4 247 5765 108 1.1 125 2879 66 1.4 

TOTAL 464 13896 1884 8.1 329 8045 375 2.8 158 3354 134 2.4 

TAIL& 6.14. Continued. 

1985 1982-1985 
Totd Unit Unit No. Time Total Shad/ No. Time Total Shad/ 
Oil charge l 2 Lifts (min) Shad Hr Lifts (min) Shad Hr 
(I'. 1,000 eb) 

~ 5 On Off 1 lS l 4.0 
~5 Off On 23 575 19 2.0 
~5 Off Off 205 4213 685 9.8 382 9294 1989 12.8 

205 4213 685 9.8 406 9884 2009 12.2 

10-40 On On 11 22 0 0.0 36 468 ll 1.4 
10-40 On Off l 30 0 o.o 
10-40 Off On 46 1253 202 9. 7 
10-40 Off Off 150 2905 110 2.3 252 5937 372 3.8 

161 2927 110 2.3 335 7688 S8S 4.6 

Chan&• On On 2 4 1 15.0 17 329 6 1.1 
Change On Off 4 120 19 9.5 
Change Off On l 30 0 0.0 16 435 35 4.8 
Change Off Off 164 4509 340 4.5 228 6443 619 5.8 

167 4543 341 4.5 265 7327 679 5.6 

~40 On On 15 45 l 1.3 396 9090 150 1.0 
>40 On OH 12 350 12 2.1 
>40 Off On 8 241 4 1.0 44 1319 34 1.5 
>40 Off Off 283 7747 377 2.9 332 9353 441 2.8 

306 8033 382 2.9 784 20112 638 1.9 

TOTAL 839 19716 1518 4.6 1790 4S011 3911 S.2 
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FIGURE 6.1. 

Schematic drawing of Conowingo Dam Fish Collection Facility, Anonymous (1972). 
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FIGURE 6.2. 

A plot of river flow (cfs) and water temperature (F) in relation to the daily American shad catch 
at the Conowingo Dam Fish Lift in 1985. 



JOB VII. POPULATION ASSESSMENT OF ADULT AMERICAN SHAD IN THE UPPER CHESAPEAKE 

Dale Weinrich, Steven Minkkinen, Eric Franklin, and Tony Jarzynski 
Estuarine Fisheries Program, Maryland Department of Natural Resources 

INTRODUCTION 

Prior to the late 1970's, American shad were an important part of 

Maryland's commercial and sport fisheries. From colonial times to the late 

1960's, annual shad harvests ranked high in both pounds landed and dock-side 

value relative to other exploited fishery resources (Mansueti and Kolb 

1953, Walburg and Nichols 1967). Sport angling for shad, a relatively recent 

activity as compared to the commercial exploitation, generated many hours of 

recreation throughout the State. 

Historic8lly, the principal river for shad production in Maryland has been 

the &lsquehanna. Until 1980, a commercial shad fishery had been pursued on the 

Susquehanna for more than 200 years while a successful sport fishery in this 

region had been ongoing since the 1930's. Total annual commercial landings of 

American shad in the upper Chesapeake Bay (NOAA Code 089, 090, 064) averaged 

204,000 pounds from 1962 through 1973, Forste (MTA in-file data) estimated the 

value of sport angling for shad on the Susquehanna River in 1970 to be 3,9 

million dollars. 

Because of a sharp, continuous decline in the reported harvest of American 

shad since the mid 1970's, Maryland closed its waters to shad fishing on April 

4, 1980. The most precipitous decline occurred in the &asquehanna drainage 

which saw commercial landinRs drop from a reported 180,000 pounds in 1970 to 

only 2,300 for 197g. 

Concerned by the seriousness of this situation, the Tidewater 

Administration of Maryland's Department of Natural Resources proposed a long 

term investigation of American shad in the upper Chesapeake Bay. The primary 
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objective of this study was to assess the status of head-of- the-Bay shad 

stocks, specifically those utilizing the Susquehanna River drainage . The 

infonnation obtained would be used to fonnulate management policies designed to 

restore American shad to stable, harvestable levels. To meet this objective, 

five separate jobs were initiated: estimation of the adult spawning 

population, characterization of brood stock, sport angling survey, juvenile 

recruitment assessment, and literature review and survey. 

METHODS AND MATERIALS 

Capture, holding, and tagging procedures for 1985 differed little from 

previous years and are described in the SRAFRC 1982 and 1983 annual reports. 

Collecting gears for adult capture included a 500' x 8' x 5 1/4" stretch mesh 

anchor gill net set off Port Deposit, Maryland, a pound net located on the 

western side of the Susquehanna Flats, and rod and reel fished from a boat 

anchored in the tailrace of the Conowingo Dam. 

RESULTS 

The 1985 tagging effort comprised five days of pound netting, 3 of gill 

netting and 18 of hook and line tagging. Thirty fish were tagged by pound net, 

134 by gill net, and 156 by hook and line (Table 1). Of the 320 fish tagged 

42 were subsequently recaptured (Table 2). Recapture data is summarized below: 

a) 35 were recaptured by the Conowingo fish lift(3 double recaptures) 
4 were recaptured by rod and reel 
6 were recaptured by gill net 

b) 1 fish was tagged from the pound net 
34 were tagged from rod and reel captures 
7 were tagged from the gill net 

c) 2 fish were recaptured upstream of the tagging location 
40 were recaptured in the same area 

d) The shortest period at large= 2 days 
The longest period at large= 34 days 
The average period at large= 10.6 days 
There were also 2 recaptures of fish tagged the spring of 1984. 

The upper Bay population estimates by Peterson Index ( 11,093) and Shaefer 

7- 2 



Method (12,903) are contained in Tables 3 and 4. 

DISCUSSION 

Low river flow during the spring of 1985 and the generation schedule at the 

Conowingo Dam caused trap efficiency to increase over previous years. This is 

indicated by the increased percentage of trap recaptures of DNR tailrace tagged 

fish (23.?j) and for all DNR tagged fish (14.1%), The trap recapture rate has 

ranged from 0. 7 to 7 percent in recent years. Gill net efficiency (Table 5) 

was similar to that observed during 1984. Hook and line effort and tagging 

success was the greatest to date. 

SUMMARY OF POPULATION ASSSESSMENT 

The estimated number of spawning American shad in the upper Bay for 1985 

was 11,093 and 12,903 by Peterson Index and Shaefer Model respectively . This 

is a small increase from previous years. 

ADULT POPULATION CHARACTERIZATION 

Data collected from adult American shad included sex, age, spawning 

history, and length information (Tables 6 + 7) . Sex ratios were biased toward 

males (1:0.38 to 1:0.52) by all collection methods except anchor gill net 

(1:1.24), which is highly selective for the larger older females. For all 

methods combined, the 1985 sex ratio was 1:0 .5 males to females. All fish 

collected were from 3 to 7 years of age. Repeat spawning ratio varied from 5.3 

to 33.3 percent for males and 7.8 to 36.3 for female American shad. Overall, 

SPORT ANGLING SURVEY 

The 1985 DNR lower Susquehanna River creel survey began on April 6 and 

continued through June 26 . The following information was collected during this 

period. 

A. Effort/Catch Data: 
-estimated# anglers = 50,683 
-estimated hours fished= 148,849 
-estimated catch = 129,0}1 
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B. Estimated Sport Catch of American shad, 1980-1985 
American shad 
1980 = 8 
1981 = 118 
1982 = 266 
1983 = 132 
1984 = 358 
1985 = 135 

C. Catch Per Angler Hour and Hours to Catch One Fish 1984-1985 
19~4 1985 

Species CPAH HTC CPAH HTC 

White Perch 0.774 1.3 0.862 1.2 
Striped Bass 0.298 3.4 0.097 10.3 
Chan. Catfish 0.208 4.8 0.336 2.9 
Herring 0.013 75.7 0.003 369.6 
American Shad 0.006 172.4 0.003 369 .6 
Hickory Shad 0.0048 208.3 0.0014 677.7 

D. The estimated sport catch of hickory shad in 1985 decreased from the 
1984 estimate, tut was significantly higher than the estimates from 
1980 to 1983. Catch and catch/effort data for this species are 
presented as follows: 

Year Est. catch CPAH HTC 

1980 27 0.0002 5,000 
1981 39 0.0002 5,000 
1982 10 0.0001 10,000 
1983 0 0.0 
1984 292 0.0048 208 
1985 160 0.0014 677 

JUVENILE RECRUITMENT SURVEY 

Collection techniques for the 1985 juvenile recruitment survey were 

identical to that of previous years. Sampling with a 200' x 10' x 1/4" haul 

seine and modified otter trawl (16' headrope) was conducted on a bi-weekly 

basis at 8 seine and 6 trawl stations. As in previous years, replicate hauls 

were taken at each site every other week. This yea1r however , supplemental 

sampling was conducted during the off weeks. Supplemental sampling consisted 

of single seine hauls and trawl n.ins at each of the respective sites. Combined 

juvenile sampling comprised 213 seine hauls and 153 otter trawls during 1985. 

One young-of-the-year American shad, 150 rrm in length was collected during the 

supplemental survey. This was given to Pennsylvania Fish Commission personnel 
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for otolith examination. Catch compositions for 5 important finfish species 

are presented in Table 8. 

Comparison of 1984 vs 1985 replicate sampling noted increased catches of 

alewife and blueback herring. Catches of white perch and striped bass were 

considerably reduced. Numbers of young alosids remains low, especially 

P.merican shad. Reproduction of shad species is still below detectable 

levels, indicating either reduced egg production by the remnant brood stock, 

adverse environmental conditions causing high egg and larval mortality, or a 

combination of these factors. 

TABLE 1 

Gear Type 

Pound Net 

Anchor Gill 

Hook & Line 

fish Lift 

TOTALS 

Compc1rison of the totcl catch and number tagged by location and 
gear type for aci.Jlt American shad captured during the 1985 upper 
Cnesap~ake Bay tagging program 

Location Catch Number Tagged 

Susq. F)ats 11 29 

Susq. River 1 ll 1 138 

Susq. River 173 156* 

Susq . River 1 44~** , 

1,795 120 

* 17 Fish not tagged via hook & line capture below 350 mm length minirrum 
** Fish lift catch minus RMC recapturPs of their tagged shad 
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TABLE 2 

Ta~ 
Date 

4/21 
4/22 
4/23 
4/2~ 
4/2~ 
4/24 
4/24 
4/24 
4/24 
4/25 
4/25 
4/25 
4/25 
4/26 
4/2C, 
4/25 
4/25 
4/25 
4/25 
4/25 
4/26 
4/26 
4/29 
4/2Q 
5/1 
5/6 
5/6 
5/6 
5/6 
5/8 
5/? 
5/P 
5/R 
5/9 
5/9 
5/10 
5/10 
5/10 
51n 
5/14 
5/15 
5/15 

Capture and recapture dates , locations, and ~ear types for 42 
American shad recaptured during the 1985 ta~~in~ program. 

Recapture Tagging Gear Recapture Gear Days at 
Date Location Location large 

5/6 Susq. F. PD Suso . R. HL 15 
5/4 Susq . R. HL Susq. R. FL 12 
4/25 Susq. R. GN Susq. R. GN 2 
4/25 Suso. R. GN Suso. R. GN 2 
4/25 Susq. R. GN Susq. R. GN 2 
4/28 Susq . R. HL Susq. R. FL 4 
5/2 Susq. R. HL Suso . R. FL R 
5/18 Susq. R. HL Susq. R. FL 14 
5/1 Suso . R. HL Susq. R. FL 7 
4/30 &Jso. R. GN Susq. R. GN 5 
4/30 Susq. R. GN Susq. R. GN 5 
4/30 Susq . R. GN Susq. R. GN 5 
5/29 Susq. R. GN Susq. R. HL 34 
4/30 Susq. R. HL Susq. R. FL 4 
5/2 &Jsq. R. HL Susq. R. FL 6 
5/2 Suso. R. HL Susq. R. FL 6 
5/2 &Jsq . R. HL Susq. R. FL 7 
5/1 Susq . R. HL Susq. R. HL 6 
5/6 Susq. R. HL Susq. R. FL 11 
5/1 Susq. R. HL Susq. R. FL 6 
5/26 &Jsq. R. HL Suso. R. FL 30 
5/5 Susq. R. HL Susq . R. FL 9 
5/12 Susq. R. HL Susq. R. FL 13 
5/22 &!sq. R. HL Susq. R. FL 2~ 
5/5 Suso. R. HL Susq . R. FL 4 
5/26 &!sq. R. HL Suso. R. FL 20 
5/21 Su,q. R. HL Susq. R. FL 15 
5/19 &!sq. R. HL Susq. R. FL 13 
5/31 Suso. R. HL Suso. R. FL 25 
5/18 Susq. R. HL Susq. R. FL 10 
5/26 Susq. R. HL Susq. R. FL 1R 
5/26 Susq. R. HL Susq. R. FL 18 
5/13 Susq . R. HL Susq. R. FL 5 
5/18 SusQ. R. HL Susq. R. FL 9 
5/26 Suso. R. HL Susq. R. FL 17 
5/13 Susa. R. HL Susq. R. FL 3 
5/19 &Isa. R. HL Susq. R. FL 9 
5/14 Suso . R. HL Susq. R. HL 4 
5/2f. Susq. R. HL Susq. R. FL 1~ 
5/18 Susq. R. HL Susq. R. FL 4 
5/26 &!sq . R. HL Susq. R. FL 11 
5/27 Susq. R. HL Susq. R. FL 12 

PD=pound net; GN=gi 11 net; HL=hook & line; FL=fi sh 1 ift 
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TABLE 3 Pop.ilation estimate of adult American shad utilizing the 
Susquehanna River, Susquehanna Flats, and the Northeast River for 
1985 by the Petersen Index. 

Chapman's Modification to the Petersen Index-

N :(M + 1) (C + 1) 
R + 1 

where N = pop.ilation estimate 
M = n of fish tagged 

For the 1985 

C = 1485 
R = 42 
M = 320 

Therefore -

N :(320 + 

= 11,093 

Survey -

1) (1485 
42 + 1 

+ 1) 

C =#of fish examined for tags 
R = n of tagged fish recaptured 

From Ricker (1975): Calculation of sampling error using the recapture numbers 
in conjunction with a Poisson distribution approximation 
and acceptable confidence limits. 

Using Chapman (1951) -

N* :(M + 1) (C + 1) 
Rt + 1 where: Rt= tabular value (from Ricker P343) 

Upper N1 :(320 + 1) (1485 + 1) 
30.3 + 1 

Lower N* =<320 + 1) (1485 + 1) 
56.8 + 1 

= 15240@ .95 confidence limits 

= 8253@ ,95 confidence limits 
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TABLE 4 Population estimate of ad.llt American ~;had using the Susquehanna 
River, Susquehanna Flats, and Northeast River during 1985 by the 
Schaefer Method. 

A. Recoveries of American shad tagged in successive weeks listed according to 
week of recovery; total tagged each week; and fish recovered. 

Tagged Fish Total Fish 
Week of Week of Tagging Recovery Recovery 
Recovery 1 2 ? 4 5 6 7 (JU) (Ci) Ci/Ri 

1 
2 ~ 

< 2 
4 
5 
6 
7 

Tag~ed Fish 5 
Recovered 
(Ri) 

Total Fish 59 
Tagged 
(Mi) 

12 
4 
1 7 1 
3 5 ~ 

1 

20 13 0 0 

147 71 31 13 0 

Mi/Ri 11.80 7.35 5.46 7.75 0 .0 0 

() 124 0.00 ,,-
.) 73e 49 .20 
6 388 64.67 
q ~66 40.67 

11 181 16.45 
1 6 6.00 
0 1 0.00 

0 4'' ·-

0 ?21 

0 

B. Computed totals of American shad in the Susqueha1nna River and Susquehanna 
Flats and Northeast River during 1985. 

Week of 
Recovery 
(j) 

1 

2 

4 

5 

6 

7 

Totals 

1 2 

1742 4~39 

1526 1901 

Week of Tagging (i) 
3 4 5 6 

299 1554 315 

363 449 <P.2 

3268 6902 2036 697 

7-8 

7 
Total 

60?1 

3427 

216~ 

1194 

12,903 



TABLE 5 Catch, effort and catch per unit effort (CPUE) for adult American 
shad by anchor gill nets during the 1980- 1985 upper Chesapeake 
American shad tagging program. 

Anchor Gill Total SO. Yd Hrs Sq. Yd Hrs needed 
Nets Year Catch of Net Fished to catch one shad 

19fl0 115 31 , 600 275 
1981 228 59,591 261 
1982 277 93,200 336 
1983 213 8,311 39 
1984 125 7,822 63 
19~5 134 10,667 67 
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TABLE 6 

Gear 
Type 

Pc:ond 
Net 

Anchor 
Gill 
Net 

Hook 
& 

Line 

Trap 

Totals 

Age frequency, rumber, and percent re,peat spawners by gear type 
and sex for adu 1 t American shad colle,cted from the Susquehanna 
and Northeast Rivers during 1985. 

Sex Sex III IV V VI VII %Repeat Totals 
Ratio Spawners 

M 5 11 6 22 
Rpts 2 9. 0 2 

1 :0.50 
F 1 1 4 Lt 1 11 
Rpts 1 ') ,. 1 36.3 4 

M 2 10 ll7 LI 63 
Rpts 2 15 LI ~~- 3 21 

1: 1.24 

F 5 42 2P 3 78 
Rpts. 5 16 3 30.8 24 

M 22 70 21 113 
Rpts. 4 2 5,3 6 

1 :0.5? 

F 13 27 H~ 2 60 
Rpts. 2 10 2 23.3 14 

M 42 179 79 6 306 
Rpts. 14 6 ') ,_ 7,3 22 

1:0.38 

F 2 35 48 2] 7 115 
Rpts. 2 1 c· 

_) 1 7.8 9 

M - 73 270 157 10 510 
Rpts. 19 2P 6 10.4 5? 

1: 0. 52 

F 3 56 122 T~ 1? 267 
2 9 ~'.~ 7 19. 1 51 
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A. 

B. 

C. 

0. 

Mean fork l~ngths (mm) and length ranges by sex and age ~rCl.lps 
for adllt American shad collected by gear type during the 1985 
Upper Chesapeake Bay tag~ing operation 

Age Group Sex N Mean Range 
Min. Max. 

Anchor Gill Net 
HI M 2 :l48 3?5 360 
IV 10 416 385 450 
V 47 423 3PO 460 
VI 4 450 425 465 

IV F 5 4?4 415 445 
V 42 461 425 515 
VI 28 492 445 520 
VII 3 508 480 525 

Hook & Line 
III M 22 :l62 330 385 
IV 70 381 320 435 
V 21 436 390 465 

IV F 13 420 360 470 
V 27 451 425 4eo 
VI 18 497 460 525 
VII 2 515 505 525 

Pound 
IJJ M 5 353 3:2 364 
IV 11 399 345 445 
V 6 419 400 440 

III F 1 349 
IV 1 430 
V 4 454 427 480 
VI 4 519 4q4 5~3 
VII 1 508 

Trap 
IJI M 4? ~?9 2ll7 3po 
IV 17Q 387 337 455 
V 79 4!!6 3e6 490 
VI 6 484 460 540 

III F 2 405 ~92 41P 
IV 35 419 350 471 
V 48 464 421 512 
VI 23 509 465 565 
VII 7 542 502 574 
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TABLE 8 

Species 

American 
Shad 

Blueback 
Herring 

Alewife 
Herring 

White 
Perch 

Striped 
Bass 

Juvenile catch composition of five species taken during the 1984 
and 1985 Juvenile Recruitment surveys. 

1984 1985 
Regular Regular Supplemental 

Gear Total CPUE Total CPUE Total CPUE 

HS 0 0.0 0 0 I 0 0 
OT 0 0. 0 0 0 1 0.019 

HS 40 0.315 96 0.667 54 0.783 
OT 17 0.210 16 0.160 2 0.038 

HS 11 0.087 99 0. 688 41 0.594 
OT 49 0.721 171 1. 710 68 1.283 

HS 914 7 .197 228 1.583 159 2.304 
OT 2410 35.44 1014 10. 140 519 9.792 

HS 22 o. 173 8 0.056 5 0.072 
OT 10 0. 147 1 0. 010 3 0.057 

7-12 



ADDENDUM A 

INTERIM REPORT 

NFRDL Research on the pre- migratory 

physiology of American shad 

by 

Donald V. Rottiers and Lori A. Klock 

U. S. Fish and Wildlife Service 

National Fishery Research and Development Laboratory 

R.D.U 4, Box 63 

Wellsboro , Pennsylvania 16901 

January 10, 1986 

A-1 



Introduction 

Reestablishment of American shad Alosa sapidissima (AMS) populations in 

rivers along the East 

progagation of large 

coast 

numbers 

of 

for 

the United States will require hatchery 

release over time. When to release 

artificially propagated AMS in enhancement programs for maximum survival and 

return is not known. Part of the problem rests in our inability to decide 

when this species is ready to migrate. The question, "do AMS undergo 

physiological changes during freshwater (FW) life in advance of their 

downstream migration?" needs to be answered. If the answer is yes, can these 

changes be used as valid predictors of migration. Because of our inability to 

decide exactly when to release these fish, many may be stocked at the wrong 

time to be imprinted to a "home" stream and to migrate as physiological 

changes dictate . 

The chronology and magnitude of physiological events during the FW life 

of AMS and the relation between these events and downstream migration and 

survival are not known. Biologists have generally observed, however, that 

survival of AMS decreases the longer they remain in FW in the fall (personal 

communication). Our study, consists of looking for pre-migratory 

physiological changes during the FW phase that are indications of adaptation 

to seawater (SW) and impending migration. We are assuming that AMS undergo 

the same physiological changes observed . in Pacific and Atlantic salmon parr 

and smolts (Wedemeyer et al. 1980. and Saunders 1979) . The changes they 

observed are listed in the following table. 
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Physiological characteristics 

Body silvering, fin margin blackening 
Ry~oosmotic regulatory capability 
Salinity tolerance and preference 
Weight per unit length (condition factor) 
Growth rate 
Body total lipid content 
Oxygen consumption 
Ammonia production 
Liver glycogen 
Blood glucose 
Endocrine activity 

Thyroid (T 
4

) 
Interrenal 
Pituitary groith ~ormone 

Gill microsome, Na, K -ATPase enzyme activity 
Ability to grow well in full-strength 

(35 °/oo) seawater 
Buoyancy (swim bladder, Atlantic salmon) 
Migratory behavior 

Level in smol ts 
compared with parr 

Increases 
Increases 
Increases 
Decreases 
Increases 
Decreases 
Increases 
Increases 
Increases 
Increases 
Increases 

Increases 

Increases 
Increases 
Increases 

We measured, at monthly intervals changes in appearance, behavior, sea 

water tolerance and ion composition of AMS. Establishing correlative relations 

between physiological and behavioral changes in AMS is important to the 

development of a release method . 

Background and Justification 

The American shad, a popular sport and food fish, once was one of the 

most abundant and valuable anadromous species along the Atlantic coast of 

Eastern North America. Domestic and industrial pollution, ineffective or 

non-existent flood plan management, construction of dams without adequate fish 

passages, and expanded and indiscriminate inshore and offshore fishing efforts 

have reduced populations to a fraction of their former abundance (St. Pierre, 

1976). When all impediments to restoration are considered, dams appear to be 
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the most important factor limiting recovery today. Sidell (1979) states that 

although overfishing probably would have been a significant factor in the 

decline of AMS populations if the rivers had remained unobstructed, historical 

evidence indicates that barriers to passage of anadromous species to their 

spawning grounds has been the primary cause of fishery declines in the 

Susquehanna River. Reestablishment of AMS above dams in the Susquehanna, for 

example, should now be possible because technology for building functional 

fish passageways is available. More importantly, water quality conditions, 

have improved in many rivers. Carlson (1968) reported that about 74% of the 

466 mi 1 es of the Susquehanna River and its tributaries used by AMS in the 

1800's appear suitable for restoration of viable runs. Moreover, successful 

introduction of AMS to the Pacific coast is good evidence that restoration of 

this species through artificial propagation, adequate fish passage, and 

transportation is possible. 

Because mature AMS home to natal rivers to spawn, restoration of 

perpetuating populations can only be attained from larvae which have been 

imprinted with the rivers chemical characteristics (Sidell, 1979). 

Reestablishing breeding populations of AMS in rivers historically important as 

spawning and nursery areas will therefore require producing and stocking great 

numbers of underyearling AMS. The key to AMS restoration is then the 

development of a method for producing and releasing at the proper time large 

numbers of these fish to suitable spawning and nursery areas without 

significant mortality. 

AMS are susceptible to handling stress (Chittenden 1971) but appear quite 

tolerant to a wide range of environmental conditions in estuaries. Chittenden 

0 (1973) noted that AMS tolerate abrupt changes from O to 30 /oo salinity but 
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0 complete mortality occurred when the change was from 30 to O /oo salinity. 

Tagatz (1961), however, found that juvenile AMS could tolerate abrupt change 

from SW to FW but were intolerant to abrupt changes from FW to SW between 7 to 

21°C. Chittenden (1973) attributed the differences in reponse of AMS to 

salinity observed by Tagatz and himself to handling stress . Dodson et al. 

(1972) observed the meandering time for AMS in the leading edge of the SW 

lasted for up to 70 hrs during their upstream movement from SW to FW. They 

concluded that meandering behavior provides a transition period for the fish 

to osmoadapt to FW. (They also note that there is no available data on the 

behavior consequences of movement of AMS from FW to SW and vice versa.) Even 

though AMS appear to adjust slowly to FW it is possible that they are either 

never completely in equilibrium in FW and under a constant low level of stress 

or their osmoregulating system is less well developed to handle ionic shift 

during the FW phase of their life. Additional stress through handling , added 

to a constant low level of stress, could overtax the physiological system 

resulting in delayed mortalities, particularly in soft water. Leggett and 

O' Boyle (1976) observed that adult AMS transferred quickly (2.5 hrs) from FW 

to FW, had decreased sodium and chloride levels, increased calcium, glucose 

and lactic acid levels and stable potassium and magnesium levels. High 

delayed mortalities (75 h) were a result of physiological stress. This 

supports Dodson et al. (1972) observation that the slow, meandering transition 

from SW to FW by migrating AMS permits them to adapt to FW and is essential to 

their survival. The effects of rapid t00vement from FW to SW by downstream 

migrants has not been carefully studied . 

Downstream migration of juvenile AMS is apparently triggered by 

temperature (Leggett and Whitney, 1972). Juvenile AMS normally spend their 

first summer in the river in which they were spawned and begin to move 
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downstream when the temperature drops below 15. 5°C for several days (Smith, 

1899; Sykes and Kehman, 1957; Walburg and Nichols, 196 7; and Chittenden, 

1969). In laboratory studies, Chittenden (1972) observed that AMS did not 

avoid low temperatures when changes were rapid but weakly avoided 8°C and 

strongly avoided 5°C when temperatures were lowered slowly. Although 2. 2°C 

was the median lower lethal temperature observed, 4-6°C may also be lethal 

after prolonged exposures in the fall or winter without acclimation. Moss 

(1970) in another laboratory study, concluded that young AMS are capable of 

avoiding potentially lethal, rapid temperatures increases of about 4 °C. The 

relation between temperature and physiological change in juvenile AMS and its 

role as a controlling factor in their fall migration is not understood. 

Katz (1978) has shown that AMS have an exogenous rhythm with respect to 

day length. Re observed that AMS fonn schools and increase their swimming 

speed with the onset of light, however, the schools break up and swimming 

speed decreases in the dark. AMS behave the same in light even if the lighted 

period is shifted to another time of the day. AMS held under continuous light 

have no daily rhythm. Katz (1978) indicates that since there appears to be a 

lack of endogenous rhythm in AMS that some other mechanism is operating to 

synchronize migration. We suggest that the singular and combined effects of 

decreasing temperature and day length in the fall a re responsible for the 

timing of migration of juvenile AMS . AMS may respond to exogenous cues by 

undergoing pre-migratory physiological changes. Correlations between the 

physiological and environmental changes may provide useful indicators and 

predictors of migration. 

Because clupeids are generally stressed by confinement and handling, 

various methods to mitigate stress during transport have been tried. Anderson 

(1968) transported gizzard shad successfully in 0.5% salt and MS - 222; Guest 
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and Prentice (1982) had varying success handling blueback herring in various 

media containing anesthetics; and Standley and Colby (1971) hauled alewives in 

0.2% NaCl with a 50% delayed mortality, that they attributed to a sudden 

exposure to SW. To alleviate the handling stress in AMS. Murai et al. (1979) 

attempted to use valium, MS-222. and sodium chloride to reduce handling 

mortality. They found MS-222 to be toxic at 10 mg/L but AMS given an oral 

dose of valium could be transported successfully in 1% sodium chloride 

provided there was a minimal scale loss. 

Several methods of measuring stress and recovery time in fish are 

· available and include measurements of catecholamines, cortisol, blood glucose. 

liver glycogen, and blood electrolytes (Wedemeyer and McLeay, 1981). 

Ultimately, however, stress becomes biologically significant when it decreases 

the ability of the fish to tolerate additional stress after release. Survive 

and grow to maturity and a return of AMS to their former level of abundance in 

East Coast rivers is the major goal of our work. We intend to use 

physiological tests, and stress challenges to determine when AMS are ready to 

migrate and when they must be released. 

OBJECTIVES 

Goal: To discover pre-migratory physrological and behavioral indicators of 

physiological transformation that can be used to determine the release 

time for hatchery produced AMS leading to a maximum adult return. 

Objective 1: Identify physiological and behavioral changes that either 

precede or accompany migration and adaption of AMS to SW. 

Objective 2: To determine if there are observable or measurable 

differences in behavior and physiology of AMS exposed to SW. 
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Materials and Methods 

Source and care of AMS 

On 17 July 1985, about 51,000 18 to 20- day-old Columbia River AMS from 

the Pennsylvania Fish Commission's VanDyke Hatchery were placed in two 

hypalon- lined ponds at the NFRDL (20-21°C). The ponds were filled with water 

two weeks before the fry arrived. When the AMS arrived, the ponds were 

teeming with live food organisms . We began adding starter feed (SD-9) to the 

ponds on 18 July, 1985. Significant numbers of AMS were observed in the ponds 

on 22 July 1985. We began adding ad libitum amounts feed 4 and 5 times per 

day on 5 and 13 August 1985 respectively. On 26 August we began to feed AMS 

the Atlantic salmon diet (ASD2- 30). We began transferring large numbers of 

AMS from ponds to circular holding tanks in the laboratory, on 17 October and 

completed transfer on 14 November. Excess fish, except 2500 that were left to 
overwinter in ponds, 

I were provided to the Pennsylvania Fish Commission (approximately 15,000). 

Seawater challenge 

The seawater challenge procedure used is described in detail by Klock and 

Rottiers (~ in preparation) and is similar to that developed by Clarke and 

Blackburn (1977). Briefiy, in the seawater challenge, AMS were suddenly 

introduced to 30-33 °/oo SW (Jungle Synthetic Sea Salt, Table 1) of the same 

temperature as their holding water and held there for 24, h before samples 

were removed for analysis. In this study we held some fish longer and also 

sampled at 48 , 72, 120, and 168 h. A control group of AMS , was given the same 

treatment except the sea salt was omitted from the water. In two other 

simultaneous tests AMS were suddenly introduced to 10 and 40 ° /oo SW to 

determine salinity tolerance and osmoregulatory ability at low and high SW 

concentrations. AMS removed after various exposure times from all test groups 

were analyzed for total body concentrations of several ions. 
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At monthly intervals, beginning in September, AMS were evaluated after 

0 
24, 48, 72, 120, and 168 h exposures to FW and, 10, 33, and 40 /oo SW. The 

test system was composed of four 4-f t circular tanks containing aeration 

water. Weight of salt added was estimated on the basis of volume of water in 

the tank and the final concentration was adjusted after hydrometer readings. 

The test system was set up l or 2 days before the fish were introduced to the 

SW to allow the salt to dissolve and the water temperature to stabilize. 

On the test day, 100 fish from a holding tank were randomly counted into 

each of the 4 circular tanks. A sub-sample of 100 AMS from the population in 

the holding tank was anesthetized, weighed and measured to obtain beginning 

estimates of mean weight and length. Starting time, salinity, dissolved 

oxygen, and temperature were recorded. Dissolved oxygen readings and 

observations on fish condition were made at least daily during a test. 

Mortalities and time of death were recorded. All dead fish were weighed and 

measured. 

After 24 h, 10 AMS from each test group were killed and later analyzed 

for whole body concentrations of calcium , magnesium, potassium , and sodium. 

After 48, 72, 120, and 168 h, 5 AMS from each test group were similarly 

removed and processed. 

AMS were prepared for analysis of total body ions following the method of 

Shearer (1984). Calcium. magnesium. potassium and sodium ions were analyzed 

on an Instrumentation Laboratory 457 atomic absorption spectrophotometer, 

following the method of Paschen (1970). 

Temperature and salinity tests 

In 96 h bioassays every two weeks, AMS were introduced to four different 

salinities at four temperatures. At the end of each 24 h, all dead fish were 

removed, weighed, and measured. 
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At monthly intervals beginning in November, AMS were evaluated after 24, 

48 , 72, and 96 h in FW and 10, 20, and 30 ° loo SW and at 3, 5, 10, and 15° C. 

Bioassays were replicated each month. Four 5- gal plastic containers lined 

with black plastic (one for each salinity concentration) were placed in each 

of four 4-ft circular tanks (one for each temperature level). A portable 

water chiller in the center of the circular tanks regulated water temperature; 

oxygen level in each of the test containers were maintained by air bubblers in 

the test water . Salinity was determined by using a hydrometer. The test 

system was set up 1 or 2 days before the fish were introduced to the 

containers to allow the salt to dissolve and the water temperature in all 

tanks to stabilize at 10° C. 

On the test day, 15 AMS from a holding tank (10° C) were randomly counted 

into each of the 4 containers in each of the 4 tanks . Beginning temperature in 

all tanks was 10° C, and fish were allowed to adjust to the test system 

environment for 2 h. At the end of 2 h, starting time, salinity, dissolved 

oxygen, and temperature were recorded. The chiller in the 15° C tank was 

turned off, and water temperature was allowed to adjust to room temperature 

{about 15° C) . Water temperature in the 3 and 5° C tests was dropped 1° C/h 

until the test temperatures were reached. Water temperature in the 10° C test 

was left unchanged. After 24, 48, 72, and 96 h, all dead fish were removed, 

weighed, and measured. Temperature and dissolved oxygen in all test 

containers were recorded . 
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Growth experiments 

Growth was measured for AMS reared in identical 300 gal, closed FW and SW 

systems (Fig. 1). Each closed system was composed of two 3-ft rearing tanks, 

one 4-ft reservoir/aeration tank and a recirculation pump. Return flows were 

by gravity from the elevated 3-ft tanks. Tanks were filled with water 1 or 2 

days before AMS introduced to each 3-ft tank. Because AMS cannot survive the 

routine handling procedures used for other fishes, a subsample from the 

population from which the test fish were drawn, was weighed and measured to get 

beginning estimates of mean weight and length. Jungle brand sea salt (Table 

1) was added at a rate of 13 kgs (1 box) per day for 3 days until the 33° Joo 

SW concentration was reached. To minimize water loss, the tanks were quickly 

cleaned twice per week. Daily records of pH, temperature, oxygen content, and 

mortality were kept. All dead fish were weighed and measured. AMS were fed a 

ration of ASD2-30 equal to 3% BW/day 4 times/day. At the end of a test, 

length and weight of each AMS were measured and the system drained. Samples 

of AMS were frozen for ion and proximate analysis. 

Results and discussion 

Growth in ponds 

AMS grew an average of 0.04 g/day between 7 July and 25 October (Fig. 2). 

Growth for the remainder of the calendar year was 0.019 g/day. This was a 

period of declining temperatures. The average weight of AMS on 18 December 

was about 5 g. 

Survival of AMS in our ponds probably exceeded 60%, representing about 

36,000 AMS. 

Commission. 

Of these fish, 15,000 were given to the Pennsylvania Fish 

A-11 



About 2500 AMS remain in the pond under the ice. With an inflow water 

temperature of about 8° C and pond water temperature of about 4 ° C it is 

unlikely that any AMS will overwinter, however, as of early January live AMS 

were still observed in the ponds. 

Growth in FW and SW 

High mortalities observed in two groups of AMS in FW (48 and 59%) and one 

group in SW (90%) made it difficult to evaluate the seasonal effects on growth 

(Table 2). From the data we collected on growth in both FW and SW it 

appears that AMS grow faster in SW when ration and temperature are equal. 

Overall mortality was highest in FW. AMS in FW of ten appeared stressed and 

were more easily disturbed. 

Tolerance to gas supersaturation (Bill Krise) 

Twenty juvenile AMS (average length and weight 8.4 cm and 3. 7 g) placed 

in each of six replicate groups at each of seven different gas supersaturation 

levels (11-166 mm Hg above ambient) were exposed for 192 h (8 days) in 

100-liter aquaria. The objective was to determine the 192 h ET-25 for AMS. 

Gas level ( ~ P-mmHg) Mean % Mortality 

11 4.2 

68 3.4 

72 5 .8 

80 4 . 2 

118 13.4 

123 25 . 0 

166 27.5 

Gas bubbles were observed on the heads of AMS exposed to gas saturations 

equal to a ~p of 123 and 166 mm Hg. These bubbles were around the eyes and on 
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the gill cover. Bubbles seen in the nares were larger than those observed 

externally. Because mortality to AMS exposed to a gas saturation less than or 

equal to a 4P of 80 mm Hg did not change with increasing gas level over this 

range we attributed them to handling stress . AMS tolerated gas levels of 

116.4% ( .6P • 120) for at least 192 h (8 days). Because it required 8 days at 

gas saturations in excess of 116.4% to attain an ET- 25, it appears that AMS 

are about as sensitive to gas saturation as salmonids and likely to survive 

below dams in areas of high gas saturation, as well as salmonids. 

Tolerance to temperature and salinity change 

During the first 24 h of exposure mortality was highest in FW and in 40 

0 /oo SW . AMS were most tolerant (highest survival) when held in 10 ° /oo SW 

(Table 3 and Fig. 3) at any temperature on any date . In FW, survival was 

highest at 15° C. Some AMS held at 3° C appeared to be dead or narcotized, 

apparently due to their reduced metabolism rate at the low temperatures. This 

type of behavior was not observed at higher temperatures. Tolerance to 40 

0 0/ loo SW decreased in November and further decreased in December below 30 oo 

SW (Table 3 and Fig. 3). Because temperatures were essentially the same during 

the tests in all months reduced SW tolerance of AMS in November and December 

appears due to a seasonal effect. These data suggests that delayed entry into 

SW may result in high mortality, suggesting that AMS should be stocked in time 

to reach SW by November. 

Sea water tolerance 1984 

A cooperative study was designed to detennine if AMS undergo pre.migratory 

physiological changes in the fall. In August, gas supersaturation killed all 

the AMS being reared in ponds by the Pennsylvania Fish Commission . 

Preliminary data were collected, however, from a group of 350 fish tested at 

the Pennsylvania Fish Commission's Van Dyke Hatchery. Mortality of AMS given 
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a sudden exposure to SW was 46% and for fish given a stepwise expo1sure over 

the same 24-48- h period was 8%. There was no mortality fish in JFW . Mean 

hematocrits were 52 and 43% and blood chlorides 106 and 164 mM/L for fish in 

FW and SW respectively. These data indicate that in late September when the 

tests were performed AMS were unable to regulate their blood ions in SW. 

Because of the difficulty of collecting sufficient blood for ion analysis from 

young-of-the-year shad (mean weight of 1.8 g and length of 6.l cm) we measured 

whole body ion concentrations. Sodium, potassium, magnesium, and calcium ion 

concentrations were highest in fish given a sudden exposure to SW. In fish 

given a stepwise e>tposure to SW the whole body ion concentration was similar 

to that of FW fish (controls). The higher body ion concentration for fish 

given a sudden exposure to SW may be due to a greater water loss during the 24 

h exposure. 

Sea water challenge 1985 

In contrast to results of tests performed in 1984, AMS tested in 1985 

were most tolerant to SW in September (Table 3 and Fig. 3). Except for fish 

0 tested in 10 /oo SW, there was a decreased tolerance to SW with time of year. 

Mortality of AMS in holding tanks increased with time of year, increasing 

markedly in December (Fig. 4). Survival of AMS was always highest in 10 °/oo 

SW regardless of month or temperature. In tests at the Van Dyke hatchery in 

1984, AMS were not moved immediately before testing as in 1985 tes1ts at the 

NFRDL. Survival of AMS was always reduced after a FW to FW tranisfer. In 

1984, AMS were less tolerant to sudden exposures to SW. Because chemical 

analyses of AMS are incomplete we can not say anything yet about seasonal 

changes in their ability to regulate ion concentration. SW tests will 

continue into January, however, at the present rate of mortality few fish will 

be left by the end of this month. 
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Behavior 

AMS feed well on man-made diets in tanks and ponds. Generally, AMS swim 

in tight, fast schools that become tighter and faster when excited. Noises 

easily excite these fish. When a tank is bumped some AMS jump out of the 

water and others roll over as if dead, however, they recover in 5-10 min and 

resume swimming. The possible effects of these disturbances on delayed 

mortality is unknown. AMS school normally in FW and in 10 and 30 ° loo SW but 

not in 40 ° /oo SW. In most tanks AMS swim into the stream of inflow water. 

Disease 

Samples of AMS examined at the Lamar (Northeast FTC) revealed no evidence 

of disease . 

Conclusions 

1. AMS were successfully reared in ponds. Survival from fry to fingerling 

exceeded 60%. 

2. FW to FW transfer of AMS usually resulted in high mortalities at any 

3. 

4. 

5. 

6. 

7. 

8. 

temperature or time of the year (20-100%) . 

There was a seasonal increase in mortalities of AMS in holding tanks from 

about 10 to 75/day, that increased to about 75 to 225/day in December. 

There is a seasonal dec·rease in tolerance of AMS to SW from 40 ° /oo in 

0 September to 10 /oo in December. 

Survival was highest (about 100%) 0 when AMS were held in 10 /oo SW. 

Disturbance and the resulting excitablity to AMS may result in delayed 

mortality. 

AMS did not school when held in 40 °/oo SW. 

In the 1985 tests, unlike those in 1984, AMS tolerated sudden exposures 

to SW for 24+ h but did poorly in FW. 
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9. Growth and survival of AMS were highest in SW. 

10 . There was no evidence of disease in AMS. 

11. There appears to be a "best" time for migration of AMS because tolerance 

to SW decreases in late fall. 

12. AMS were about as toleratllt to gas supersaturation as salmonids. 

Recommendations 

1. We suggest that the optimum condition for survival of AMS appears to be 

0 in 10 /oo SW . We suggest further tests to precisely define the optimum 

SW concentration. 

2. We continue tests of Beasooal tolerance of AMS to temperature and 

salinity next year to di~termine the limits of FW life and to determine 

what and when physiologtcal abilities to osmoregulate in SW are lost. 

3. We develop a sound or d.isturbance bioassay to evaluate the effects of 

handling and holding teclhniques on the survival and delayed mortality of 

AMS. And we evaluate the possible effects of SW ( 10 ° loo) on stress 

and survival. 

4. We follow the dietary trans it ion of AMS from live to dry feeds in ponds 

and measure seasonal chao1ges energy stores during FW life. 

5. We compare the performanc:e of AMS from Delaware and Columbia River stocks 

in these experiments . 

6. We evaluate the role e>f light on behavior and survival (continuous 

natural). 

7 . We begin our experiments earlier next year. 

8. We develop a less stresHful way of getting the AMS from ponds and from 

tank to tank. 
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TABLE 1. COMPOSITION OF SYNTHETIC 
SEA SALT USED IN SEA WATER CHAlLENGES 

OC-EAN 50 SEAMIX 
SYNTHETIC SEA SAL TS 

OCEAN 50 SEAM IX - 50 essential elements blended 
into one single fast dissolving powder. Based on new 
Naval analysis of real sea water that is much more 
accurate than older formulas. We find this excellent 
for algaes. anemones. starfish and lower forms of 
marine life, as well as reef fish and other higher 
marine life. 

DIRECTIONS FOR USE: Mix contents of this con­
tainer with 100 gals. of tap water and adjust to 1.022 
specific gravity at 24 °C. (75°F.). If a smaller quantity 
of water is needed, use 3 lbs. 3 oz. with each 10 gals. 
of tap water. Our laboratory tests show that best 
results with all sea life 1s obtained at 1.022 specific 
gravity. 

CONCENTRATION OF ELEMENTS IN OCEAN 50 SEAMIX 
WHEN MIXED AS DIRECTED 

CONCE NT RATION 
ELEMENTS MG/ LITRE ELEMENTS 

CONCE NT RAT ION 
MG/LITRE 

Chlorine . . . • . . • . . 19000 
Sodium . . • . • . . . . 10500 
M~n111um . . . . . . . . 1350 
Sulfur . . . . • . . 885 
C1lc1um 400 
Pou1u1um 380 
Brom,n,r . . . . • . • . . 65 
C,ut>ori 28 
Stronuum . . . • . . . . • • 8 
Boron 4.6 
S,hcon . . • . . • . 3 . 
f luoune . . , 1.3 
Nmogen . . . . . . . . . . . 0 .5 
L 11h1um . , . , . • • 0 .17 
Phos,>hOl'UI ..•.... , . • 0.07 
Iodine . . • . . • • . , • . 0 .06 
81r,um . . . . . . . • . 0 .03 
lnd,um •. , . . . • . . . • 0 .02 
Zinc. • • . . . • . • 0 .01 
Iron . 0.01 
Aluminum . . . • , .• , 0 .01 
Molybdltnum . . . . . . . . . • 0 .01 
S1tltn1um • • • • . • • , , . . . . 0 .004 
T,n . . . . . . . . . 0 .003 
CopJMr . • • . • • 0 .003 

ArM!n,c . . • ••..•• . .. 0.003 
Uranium . . . •. . ..... ... 0.003 
N,,-kel . • . • . . . . . . . . 0.002 
ll an,1C11um • . . . . .. . ..... 0.002 
Manganl!se . . . . . . . . • • .O 002 
Tit1n,um . . . . . . • .0 .001 
An11mony ..... . ........ 0 .0005 
Cobalt . . . . . . . . .. .... 0 .0005 
Cesium . . . . . . . . . . . .0.0005 
Ceuurr. • . . . • . . • . . • • • 0.0004 
Yttrium . . . . . . • . . . . • .0.0003 
Silver . . . . . . . . • . . . . .0.0003 
Lanthanum . . . . . . . . . . • • .0.0003 
Cadm,um .•• . .. .•....... 0 .0001 
Tunq,ttn . . . . . . . . . . . • . . 0.0001 
Germanium ... . .....•. . . 0.00007 
Chromium ...... , . .. ... . 0.00005 
Thouum . . . • . . . . • • . .• 0.00005 
Sundium . . . . • • • • . . . .0.00004 
Leed . . . . . . . • • . • . . • .0.00003 
Mercury . . . . . . . . . . . . . . .O 00003 
G1ll1um ...• •• ... • •• .• •. 0.00003 
81,muth .... . . . .. . . .• .. 0.00002 
Niobium . . . . . ••• •.••... 0 00001 
Th,llium ••.. . ..•..•..•. 0 .00001 
Gold . .•••.•.•••.•.•.• 0.000004 

.!'lung le 
LABORATORIES CORPORATION------~ 

BOX 630 CIBOLO, TEXAS 78108 

A-21 



Table 2. Growth of American shad in closed fresh and sea water systems . 

FRESH WATER SEA WATER 

Test Y (No . of Date Temp. No . Mean Mean Mortality Growth Y No. Mean Mean Mortality Growth 
No. Days) Mean (range) Fish wt (g) Length (cm) (%) g/day Fish wt (g) Length (cm) (%) g/day 

l 30 
Beginning 09/23/85 15.0 (12 . 6-17 . 8) 200 2.5 6.7 - -·-- 200 2.5 6 . 7 

End 10/22/85 83 2.4 7.0 59 -.003 189 3.0 7.4 5. 5 .017 

2 5 
Beginning 10/28/85 13 . 2 ( l O. 0-16 • 0) 200 4 .4 8.4 -- --- 200 4.4 8.4 

End 11/01/85 199 -- - .5 - 20 --- -- 90 

3 29 
Beginning 11/15/85 15.4 (14.0-18.0) 200 4.4 8 . 4 -- -- 200 4.4 8.4 

End 12/13/85 104 4. l 8 . 6 48 - . 010 168 5.3 9. 0 16 .031 

}) Sa'lt was added to the water in tests l and 3 one day at a time over a three day period. 
Salt was gradually added over al day period in test 2. 

'!:./ Water and lipid content of fish were 72 . 8 and 10.5 % respectively for AiiS in FW and 
73.6 and 10.4% for AMS in SW . 
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Month & 
Salinity 

Nov 

Dec 

Table 3. Percent cumulative mortality of American shad exposed 
to various temperatures and salt concentrations at monthly 

intervals at NFRDL, 1985 . 

TEMPERATURE 

3° C 5° C 10° C 15° C 

Time (Hrs.) Time (Hrs.) Time (Hrs.) Time (Hrs.) 

0 /oo 24 48 72 96 24 48 72 96 24 48 72 96 24 48 72 

0 53 67 67 83 33 47 80 80 20 60 77 90 33 43 43 
10 0 7 7 23 0 0 0 0 0 0 0 0 0 3 3 
20 13 20 23 27 0 0 13 13 0 0 0 0 7 7 10 
30 53 63 73 77 67 73 73 80 20 23 27 33 30 33 40 

0 33 50 77 80 20 60 90 100 30 43 53 57 20 40 57 
10 0 17 37 67 3 13 13 13 7 7 7 7 0 7 7 
20 7 50 67 90 3 10 10 20 0 0 3 3 7 7 7 
30 50 80 87 93 27 33 33 37 40 40 43 43 50 53 57 
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FIGURE 1 . IDENTICAL CLOSED SYSTEMS FOR GROWING AMERICAN SHAD IN FRESH AND SALT WATER 
(Each system contains 300 gal. of water that is held at 

SEAWATER 

ambient air temperature). 

-· 

~ Replicate fish rearing tanks----­
~ elevated 2 ft. for gravity ~ 

r eturn flow 

Return lines to reservoir 

Recirculation pumps 

Ii ~eservoir tanks (200 gal) 

Aerator 

FRESHWATER 
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FIGURE 2. MEAN WATER TEMPERATURE IN REARING PONDS AND 
GROWTH RATE OF AMERICAN SHAD AT NFRDL (1985) 
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FIGURE 3. PER~ENT CUMULATIUE MORTALITY OF 
AMERICAN SHAD EXPOSED TO DIFFERENT COHCEHTRA­

TIONS OF SEA SALT AT THE NFRDL, 1985. 
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FIGURE 4. SEASONAL MORTALITY OF AMERICAN 
SHAD IN HOLDING TANKS AT NFRDL, 1985-6. 
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