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INTRODUCTION 

This Annual Report discusses the numerous activities undertaken by member 
agencies and contractors for the Susquehanna River Anadromous Fish Restora­
tion Committee during 1984. These efforts represent a continued corrmitment 
on the part of interested state and federal agencies and private utility 
companies to rebuild stocks of American shad to the Susquehanna River system. 
The program is based on the premise that a population of shad can be develop­
ed through natural reproduction of stocked adults and production of hatchery 
reared fry and fingerlings. Young shad resulting from these stockings 
should be imprinted to the Susquehanna River and will hopefully migrate to 
sea and return as spawning adults in future years. 

The 1984 restoration program was similar to that of past years and is 
separated into seven major work elements. Collection and transplantation 
of prespawned adult shad from out-of-basin sources, collection of shad eggs 
and delivery to the hatchery, shad culture, cultural research and stocking, 
and juvenile outmigration evaluation studies were financially supported by 
the Pennsylvania Power & Light Company and Safe Harbor Water Power Corporation 
as part of a settlement agreement reached in April, 1981 with the Pennsyl­
vania Fish Corrmission and the Susquehanna River Basin Commission. 

Operation of the fish collection facility at Conowingo Dam, transport of 
prespawned adult shad and herring upstream from that site, and juvenile 
shad assessment in Conowingo Pool and tailwaters is funded by the Phila­
delphia Electric Company and conducted by contractors to PECO. Assessment 
of population size and characterization of the American shad stock returning 
to the upper Chesapeake Bay-lower Susquehanna River is conducted by the 
Tidal Fisheries Division of the Maryland Department of Natural Resources 
as a cost-shared Federal Aid project. 
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throughout the spring migration season. These higher than normal flows 
adversely affected shad catch and also hindered population assessment 
activities in the lower river. 

Compared to prior years, more emphasis was placed on juvenile assessment in 
an effort to develop baseline indices of abundance in the North Branch, 
Juniata River> and at hydroproject forebays. Maryland DNR intensified their 
juvenile recovery effort below Conowingo and drew funds from the settlement 
agreement for this activity. The adult transfer program was cut back from 
1983 levels to accorrrnodate this shift in funds and major emphasis was placed 
on taking Hudson River shad and improving survival during transport. 

Shad eggs were collected from the Pamunkey, James, Delaware, and Columbia 
Rivers and were delivered to the PFC Van Dyke Hatchery. A record number 
of shad fry were produced and stocked into the Juniata River in 1984. 

This is the final year of effort funded by the 1981 settlement agreement. 
A new 10-year agreement was reached in December, 1984 between upstream 
utilities and intervenor agencies which were involved in relicensing proceedings. 
All four utilities and the Susquehanna River Basin Corrmission are provided 
voting representation on SRAFRC as part of the new agreement. 
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SUMMARY OF ACCOMPLISHMENTS 

During May, 1984 a total of 4,671 adult American shad were transferred to 
the Susquehanna River from the Hudson {4,372) and Connecticut (299) Rivers. 
All fish were stocked at Tunkhannock, PA and average surviva l to the 
release site was measured at 82%. Three transport units were used for 
hauling and an improved aeration system on one unit outperformed the others 
in terms of survival. A single stocking of a flow-through pond at Pleasant 
Mount Hatchery (PFC) resulted in 98% survival after 5 days. Improved handl ing 
and hauling conditions and a healthy Hudson River stock contributed to this 
success. Over 15,000 adult shad have been stocked into the upper Susquehanna 
River during 1982-1984. 

A total of 41.11 million shad eggs were collected from the Parnunkey (9.83M), 
James (0.74M), Delaware (2.64M), and Columbia Rivers (27.88M) in 1984. This 
is the largest number of eggs delivered to Van Dyke Hatchery since its incep­
tion in 1977. Pamunkey River totals were the greatest in the 11 years of 
egg taking from that stream and the Columbia take was the second highest in 
8 years. Approximately 45% of the eggs hatched at Van Dyke and a record 
73% of those survived to stocking. Greatest viability was recorded for 
Virginia eggs, lowest for the Delaware. 

Just over 1~ million fry were produced of which 12 million were stocked 
into the Juniata River. This is equivalent to the total fry production 
for the three previous years combined. About 30,000 fingerlings were pro­
duced in the Thompsontown Canal and an additional 4,000 were provided to 
RMC for tagging studies. Over half the fry stocked in the Juniata were less 
than 18 days of age due to crowding at the hatchery during June. 

Catch of American shad at the Conowingo lift was the lowest since 1980 
(167 fish). Low catch of shad in 1983 and 1984 is related to high river 
flow rates and concomitant increased generation at the project during the 
migration season. Shad apparently cannot find the trap when large turbine 
releases compete for their attention. In 1984, flow at Conowingo did not 
drop below 50,000 cfs until June 5. By contrast, in 1982 over 2,000 shad 
were collected at the trap during the month of May, and river flows never 
exceeded 50,000 cfs. No shad or herring were transported upstream in 1984. 

Maryland DNR continued their adult shad population assessment in the upper 
Chesapeake Bay. Anchored gill nets and hook and line (Conowingo tailrace) 
were used to collect 221 shad for tagging. Of 13 recaptures, 10 were used 
in the population estimate and 7 of those recaptures came from the lift. 
The estimated shad population size in 1984 was 3,500-3,800, considerably 
smaller than estimates for 1981 through 1983. Maryland shad fisheries 
remained closed. 

No young shad were collected in the ma in Susquehanna River above Clarks 
Ferry during seining efforts in August and September. Unusual flow conditions 
during late spring and suJTJT1er, failed reproduction of adults, or inadequate 
sampling may be responsible for lack of shad in collections. Almost 1,300 
juvenile shad were taken by seine at Amity Hall near the mouth of the Juniata 
River during six sample dates in August through October. Cast net samples 
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at York Haven, Safe Harbor and Holtwood produced erratic results during 
weekly collections (September-November) and baseline abundance indices were 
not developed . Strainers at Safe Harbor produced 112 shad and Peach Bottom 
intake screens took 38. Only one shad was collected below Conowingo Dam 
in 1984 despite increased sampling intensity which included midwater 
trawling. Size of juveniles in the lower river was larger than past years 
with many fish in the 150-175mm fork length range. This may be related 
to a poor year-class of gizzard shad in the lower river impoundments. 

Research conducted by the Pennsylvania Fish Commission in 1984 emphasized 
feed and feeding regimes in early shad .1arvae in an effort to improve 
growth and survival, and use of oxytetracycline to mark daily otolith rings 
in shad fry for future identification . It appears that shad larvae do not 
feed at night and that growth and survival are enhanced with a feeding rate 
of 12 Artemia nauplii per fish per day supplemented with Larval AP-100 dry 
diet. Two production lots of shad fry (age 15 days) were treated with 50 mg/1 
oxytetracycline hydrochloride for 12 hours per day for 4 consecutive days. 
Water was buffered and pure oxygen added to reduce stress. At 57 days of age, 
39 of 40 fish examined displayed the fluorescent mark on otoliths, and at 
152 days of age 14 of 17 (82%) showed the mark. Future marking of all fry 
released from Van Dyke may be extremely useful in detennining the efficacy 
of the hatchery versus adult transfer programs. 

Additional infonnation on activities discussed in this Annual Progress Report 
can be obtained from the authors or by contacting the Susquehanna River 
Coordinator, U.S. Fish and Wildlife Service, P.O. Box 1673, Harrisburg, 
Pennsylvania 17105. 
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JOB I. TRANSFER ADULT AMERICAN SHAD 'ID THE SUSQUEHANNA RIVER 

1.1 I.NrRODtJCrIOO 

FroM our--OF- BASIN OOtmcES 

Thanas J. Kcch and Joseph A. Nack 
National Environna1tal Services, Inc. 

Lancaster, PA. 

Fran 1981 through 1983 over 9,800 pre-spawned shad were transported 

fran the Connecticut (1981-83) and Hudson Rivers (1982-83) and released 

to the Susquehanna. 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 1984 SRAFRC work program was basically a continuation of the 

activities conducted during 1981-1983. Due to funding limitations the 

program was streamlined and the target numbers reduced fran the previous 

year. A minimum of 4, 000 adult shad were to be collected fran the 

Hudson and Connecticut Rivers and transported to the Susquehanna River. 

Handling and transport rrortality was to be limited to 25% or less. 

The Delaware was not used in 1984 to provide adult shad for hauling. 

The Hudson River was expected to provide 3,000 fish, taken by 

haul seining near Hudson, N.Y. The ranaining 1,000 adults were to be 

taken fran the fishlift at Holyoke Dam on the Connecticut River. Provisions 

were made to increase the target numbers and days on the Hudson River 

if sufficient quantity of shad were available. Consequently, this would 

reduce the nunber of days at the Holyoke Fish Lift. 
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1.1 Continued 

The Connecticut River operational procedures differed little fran 

previous years (see previous SRAFRC reports). This operation was 

corrlucted by the PFC, using Pleasant Mount Fish Cultural Station as a 

center of operations. A series of changes were anployed an the PFC 

transfer trucks and will be discussed in nore detail later in the report. 

The Hudson River out-of-basin transfer program, in its third year, 

utilized methods developed in past years. This program was conducted 

by NFS , utilizing local ccrmercial fishennen for this operation. 

1.2 HUDSa'1 RIVER SHAD TRANSFER PRCXiRAM 

In 1982 and 1983 NES successfully captured pre-spawned adult shad 

fran the Hudson River and transferred then to a release site on the upper 

Susquehanna River, in New York. A total of 992 in 1982 and 3,123 in 

1983 fish were presumed alive at release, resulting in a survival rate of 

84% for both years. Past experience by NES on the Hu::lson River 

indicated that a substantial adult shad population was available for the 

transfer program. Ho..;ever, unlike the Connecticut River, there was no 

rreans for capture of adult shad other than by netting. In 1982, NES 

began operations utilizing gill-nets as the primary gear, however, shad 

capture was shifted to haul seine when lON survival resulted. The overall 

success of the haul seine and the operation in general led to its expansion 

in 1983. 
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1.2.1 Schedule and Collecting Met:hoos 

The Htrlson River program was oonducted fran 30 April - 22 May 

on a seven day per week basis. Operational timetables were oontingent 

on tidal oondi tions; i.e. , when the tide was running full haul seines 

oould not be used effectively. Generally, fishing activities took place 

between 0600 and 2000 hours. Sarrpling days were utilized to the fullest 

in order to reach the proposed goal. 

American shad were oollected £ran the Hudson River in the vicinity 

of Greenport, NY. Crews ranging fran 10- 12 technicians 'WOrked 

c:x:,operatively with ccmnercial fishermen oontracted to oollect shad. 

Crews "WOrked to capture shad, transport than to a shore-based site and 

load the tank truck. 

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

square mesh bag was utilized to oollect shad. The seine operation was 

directed through mutual agreatEnt with ccmnercial fishermen and NES 

to ensure that the operation was carried out in the rrost effective manner. 

Site selection was based on an area of river that was found to have large 

nunbers of shad in the 1982 arrl 1983 operations . The seine was hauled along 

the shoreline as soon as the tide changed fran ebb to flood. This tidal 

oon:lition was used to minimize manpo.yer needs in hauling the seine. 

'I\.lo people were needed to lay out the net fran a toat captained 

by a fishennan, while an additional 5-6 iooividuals pulled the opposite 

end of the net along the shoreline. An entire area was encircled and 

the net ultimately pulled to the shore. The shad were ooncentrated in 

the bag section. 
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1.2.1 Continued 

Shad collected .in the seine were imnediately hand brailed fran the 

bag to one of two tanks mounted in 16 ft boats . One systan consisted 

of a 400-gallon oval fiberglass tank, while the other boat supported 

a 300- gallan round galv.inized stocktank. Both systens were circulated 

by 3 HP trash pumps which drew water fran the oottan center of the tank 

to an intake valve on the top inside tank wall. Oxygen levels were main­

tained by large cylinders of oxygen mounted in each boat. 

Tests by NES detennined that the 400-gallon oval tank could safely 

support 125-130 shad for a 30 minute period, while the 300-gallon round 

tank could hold a maximum of 60-65 shad before overly stressed fish were 

cbserved. H~ver, the number of fish loaded each day was detennined by 

several factors includ:i:ng water temperature , size of fish and river con­

ditions. The boats and tanks, after loading, were driven by two NES 

personnel to a shore-based loading site, approxirrately a five minute 

ride. The addition of the second shuttle boat in 1984 enabled the crew 

to increase efficiency and to reduce the tirre the fish were held in the 

seine. 

At the shoreline 3-5 shad were dip-netted fran the stock tank into 

a 15-gallon round galvanized metal wash tub filled with vater. Two in­

dividuals 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 tahk. The process was oontinued until all shad had been loaded. 
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1.2.1 Continued 

The m:i.n:imun load to be transferred to the Susquehanna River was 

50 shad. They were aCCl.lTIUlated in the transport tank until that nunber 

was reached. The maximun capacity of the tank was about 150 shad. 

Most shipnents averaged between 120-130 fish . 

1. 2. 2 Description of Transfer .Equiprent Utilized by NES 

The transport tank has a 1 ,100-gallon capacity and is about 4- ft 

high and 8-ft in diaireter. The top is rarovable and shad are loaded 

through a 2-ft square hatch on the top. Unloading is aca:::rnplished by 

ranoving the outside circular cap by a gate release located on the 

back of the tank. A portable cylindrical shoot, fitted with a flexible 

discharge tube to avoid forcing fish to the river bottan during release, 

is attached below the unloading hatch and directs both water and shad 

into the Susquehanna River. 

The fiberglass tank is mounted onto a wooden platfonn with robber 

cushions on both sides of the structure to provide shock absorption and 

reduce stress on the legs of the tank. This structure is rrounted to 

the bed of the truck. In addition, cable guide lines are attached fran 

the tank top to the truck bed to supply additional support. The mounting 

system was anployed as a result of stress fractures in the legs of the 

tank in the 1983 operation. 

Water circulation is created by two 3 HP gasoline driven centrifugal 
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1. 2.2 Continued 

pumps . Each pump has an individual pressure discharge to the tank, 

located tangential to the inner tank wall. Pressure discharges are 

located at different heights to create equal current throughout the 

water rolumn in the tank. A camon return suction to the punps is located 

at the bottan center of the tank. Each pump is equipped with a bleeder 

valve which intrcrluces air into the system during pumping. 

Aeration of the system is oontrolled by air intake valves on the 

suction side of each pump. An inverse relationship exists between the 

amount of aeration and strength of the current. Opening air valves and 

increasing the amount of air in the lines causes a reduction in the 

current and increases the rate of aeration. Approximately 70% water 

and 30% air were oontinually delivered to the tanks by the pumps. Air valves 

were opened to the maximun position. 

1.2.3 Description of the PFC Transfer Equipnent 

The transport tank used by the PFC is of the saire dimensions and 

specifications as that employed by NES. The basic differences are the 

rrounting structure (NES utilized the platfonn and guide lines) and the 

life support system (aerators and oxygen injection). The follari.ng 

description of the system was suwlied by the PFC: 

The two Fresh-Flow (rncdel #'IT, 12 VOC) aerators are mounted through 

the lip of the tank. Pa-Jer is sur;plied by the trucks existing electrical 
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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 under the aerators so that the 

oxygen flows directly into the aerators intake screens. A flCM meter as well 

as an oxygen injection cylinder are utilized in order that a constant am:>tmt 

of oxygen can be .maintained. 

1.2.4 Water Conditioning 

On suggestions fran the PFC, prior to loading shad in the transport 

tank, the water was treated with 80 pounds of Agway Solar Salt (0.9% solution) 

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

distilled water.) These suggestions were based on transrx:,rtation studies 

conducted by the PFC during the 1983 program. (See 1983 Annual Progress 

Report - Appendix I-A Adult American Shad Transportation Studies - 1983) . 

The report stated that the addition of salt to the transportation tank 

seems to reduce mortalities in long duration stocking trips. The antifoarn 

is necessary to reduce foaming which results fran the addition of salt. 

1. 2. 5 Tanperature/Oxygen r-tmitoring and Release of Fish 

Cooling of the transport tank was not necessary. Cooling is necessary 

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

occur. Water tanperature differential between the Hudson River and the 

SUsquehanna River was measured and every effort was made to minimize 
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1.2.5 Continued 

increases in tanperature during transp:>rt. Dissolved oxygen (00) was 

maintained by an aeration systen whidl is an integral part of the 

transport tank. Dissolved oxygen (00) and tanperature were monitored 

with a YSI Mcxiel 57 oxygen ireter. A sna.11 opening at the top edge of 

the tank provided access to the release hatch cover. The probe was 

inserted prior to securing the tank for transport. Readings were 

monitored throughout the course of the trip and recorded at two hour 

intervals. A final water tanperature and dissolved oxygen reading was 

made in the tank prior to stocking. 

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

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

and circulation pumps shut dCMn. The hatch cover was removed and the 

flexible shoot attached. Before the release cover was raised, visually 

dead shad were rem::wed. Sane mortality was unavoidable during transfer. 

After release, divers dip-netted arourrl the release site for 

approximately 15-30 minutes to retrieve any fish which died in transit 

or release. It is probable that all dead fish are not recovered in this 

manner. 

1.2.6 Results - Nunbers of Shad Transplanted and Survival 

Shad were collected fran the Hudson River fran 30 April through 

24 May. The abundance and condition of fish began to decline by end of 

the program. Sane 4372 prespawned American shad were transferred by 
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1.2.6 Continued 

NES and the PR:: fran the Hudson River and released at Tunkhannock, PA. 

Of these fish, a total of 3592 were alive at release. The PFC trucked 

2,418 fish while NES trucked 1,954. Mean survival was 87.5% (range 70% 

to 98%)* and 75.3% (range 30% to 99%) respectively. The average survival 

for Hudson River fish was 82%. 

The primary release site on the Susquehanna River was at 

Tunkhannock, PA. This location was utilized for all but one load, which 

was examined for delayed mortality by the PFC. sane 107 shad were delivered 

to a 1/2 acre earthen pond at Pleasant Mount Fish CUltural Station. A 

total of 93 shad survived the transfer (87%) and 91 shad were found alive 

after 5 days in the porrl (98% survival). These fish were trucked to the 

Susquehanna. River and released at Tunkhannock, PA., after the five day 

study. 

The average tine for loading the tank deperrled on the number of 

fish taken in the haul and the nunber of trucks to be loaded. If 

sufficient nunbers of fish were taken to fill the tank, the entire 

operation would take approximately 2-4 hours. The typical travel time 

fran the Hudson River collection site to Tunkhannock was less than five 

hours. 

The condition of fishes taken by haul seine appeared to be 

extremely good. The haul seine, though labor intensive, is an excellent 

device for shad capture. It is a practical rreans of capturing large 

*excludes transport data for 17 May when pump systan was utilized by PFC. 
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1.2.6 Continued 

quantities of fish with a minimal aiootn1t of harrlling. The addition of 

the secorrl .toat motmted shuttle systan greatly increased the efficiency 

of the operation and reduced the time shad were! held in the net. In 

addition, the Hudson River seining site has provided the transport 

operation with a cx:msistant supply of shad since its inclusion in the 

program. These factors, lower fish survival, atrrl greater travel time 

for the Holyoke Operation pranpted the SRAFRC technical ccmnittee to 

exparrl the Hudson River transfer project for an additional five days, 

consequently reducing the number of hauls scheduled for the Connecticut 

River. 

1. 2. 7 Water Tanperature and Dissolved Oxygen 

Water temperature during the tilre of the shad capture ranged fran 

54- 57°F (Table 3). The increase in tanperaturE! during transit varied 

between the NES and PFC systems. The increase in temperature in transit 

for NES was approximately 5 °F, while the PFC transport systan had less 

than a 2°F rise during the 4-5 hour trip. Water tanperature in the 

Susquehanna and Hudson Rivers were within 3-5 crp of each other. 

Dissolved oxygen was usually about 8 ppn 1;6.4 - 9.5 ppn) on the 

Hudson River during the transfer operation. The average DO for the 

NES systan was approximately 5. 0 ppn ( 4. 5 - 6. H ppn) at trips end 

and 8. 5 ppn ( 6. 9 - 9. 9 ppn) for the PFC. The difference in these pararreters 

may have oontributed to the higher survival of shad trucked by the PFC. 
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1. 2. 7 Continued 

It is :i.rnp:>rtant to note the results of 17 May when the PFC a:rnpared 

the two systans. (One truck employed the gasoline trash punps whil e 

the other system supported the new aerator and oxygen injection) • Every 

effort was made to minimize differences in loading and trucking procedures . 

The PFC indicated that 00 for the gasoline powered systan declined by 

5 .3 ppn while tenperature rose sane 7°F. In comparison the Free Flo 

System had approximately a one ppn decline in 00 (9.6 start - 8. 5 finish) 

and water tanperature was up only 2°F. Survival was 49.5% and 98.0% 

respectively. 

1. 2. 8 Interagency Cooperation 

The Hudson River adult transfer program was a oooperative effort 

between various agencies. The NYDOC, PFC an::i USFWS were available for 

technical oonsultation, as necessary, during the oourse of carrying 

out the operation . The PFC was also involved in the fish transport 

an::i delayed mortality stu::lies of shad. In addition, PFC Waterways 

Patrol.man were helpful in disposal of dead shad, as well as the retrieval 

of fish that had washed to the shoreline in the various days after release . 

Sane 100 fish were collected in this manner. 

1. 3 O)NNECI'IctJr RIVER SHAD TRANSFER PR!X;RAM 

1.3.1 Introduction and Schedule 

Adult transplant operations fran the Connecticut River to the 

Susquehanna River were first oonducted on an experill'ental basis in 1980. 

1-11 



1.3.1 Continued 

Since its inclusion in the program the Connecticut River has suwlied 

sane 6,200 fish for the restoration effort. The 1984 work plan call1ed 

for a rninimun of 1,000 fish to be captured and trucked to the Susquehanna 

Riv&. The program was later streamlined to one day, in order that the 

Htrlson River operation oould be expanded. 

1. 3. 2 Results 

The PFC utilized the same transport system that had proved effe:tive 

on the Hudson River. A total of 299 shad were handled fran Holyoke ·to 

Tunkhannock, PA., in two truck loads on 29 May. Only 185 of these slhad 

(62%) were alive follc:Ming stocking (Table 2). Due to the reduced 

schedule, no shad were taken to the Pleasant M:>unt Porrl for rnortali ty 

studies. 

1.4 Sl.Mv1ARY 

1.4.1 Conparison with Efforts of 1980 through 1984 

The number of shad transferred from out-of-basin sources to the Susque­

hanna River ranged from a low of 193 in 1980 to 5,637 in 1983. The 1984 

program added 4,372 shad for a 5-year total of 15,450 (Table 2). Survival 

to stocking during this period averaged 77% (range 59% to 84%), whil1~ the 

number released alive increased from 114 in 1980 to 4,310 in 1983. Transfer 

procedures over the years have also been modified and i~proved to best meet 

the SRAFRC goals. 
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1.4.2 Hu::ison River 

In 1982 the Hl.rlson River was added to the adult shad transfer 

program on an experimental 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 82%. The success of this effort arrl the 

effectiveness of seining encouraged SRAFRC to exparrl the efforts in 

1983 arrl 1984. In 1984 a goal of 3,000 pre-spawn adult shad were 

to be taken by haul seine arrl trucked to Tunkhannock, PA., with at 

least 75% survival. The target number arrl operation was eventually 

expanded by the technical ccmnittee . 

In 1984, adult shad were collected by haul seine near Greenp::>rt, NY 

by NES arrl transferred to the Susquehanna River by NES and the PFC. All 

fish were taken directly to Tunkhannock, PA., except for one shipnent 

used for mortality tests. During the period of 30 April through 24 May 

a grand total of 4,372 shad were transferred, of which 3,592 were 

presuned alive at release. The average survival rate during transfer was 

82%. 

In 1984 the PFC utilized a Fresh-Flo aerator arrl oxygen injection 

systan in their transport units. The systan worked effectively and survi va 1 

to stocking was significantly higher (87% PFC - 75% NES) than the 

conventional small engine systan used by NES. Dissolved oxygen averaged 

8. 5 ppn while the NES unit was only 5. 0 ppn. Tanperature increase was 

less than 2°F for the PFC arrl 5°F for NES. The difference in these 

pararreters may have contributed to the higher survival of shad trucked 

by the PFC. 
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1.4. 3 Cormecticut River 

The Cormecticut River operation was streamlined to one day, as 

a result of the Hudson River expansion. On 29 May a total of 299 

shad of which 185 survived (62%) were trucked to Tuckhannock, PA 

in two loads. 
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Table 1.1 Data on Prespawned Adult Shad Transferred fran t-h':! HudS0n 
River to the SUsquehanna River at Tuckhannock, PA. by 
NES and the PFC, 1984. 

TRIP# TOI'AL TANK 
DATE AND NUMBER NUMBER NUMBER TD1E . 

AGENCY TRANSPOP..a.'D DEAD ALIVE (HRS: 1-fill) 

4/30 1 NES 152 44 108 5:45 

5/1 2 NES 148 35 113 4:35 

5/2 3 NES 152 61 91 4:35 

5/3 4 NES 156 109 47 5: 30 

5/4 5 NES 168 61 107 4 :40 

5/5 6 NES 107 6 101 5:00 

5/5 1 PFC 107 10 97 5:00 

5/6 2 PFC 125 16 109 5:20 

5/7 7 NES 125 15 110 3:30 

5/7 3 PFC 125 20 105 5 : 30 

5/8 8 NES 135 22 113 4:15 

5/8 4 PFC 125 37 82 4:00 

5/9 9 NES 135 63 72 4 : 00 

5/9 5 PFC 109 13 96 4 :12 

5/10* 10 NES 107 9 93 

5/11 11 NES 125 5 120 4:00 

5/11 6 PFC 102 3 99 4 : 55 

5/12 12 NES 90 1 89 4:40 

5/12 7 PFC 101 16 85 4:35 

5/13 13 NES 123 6 117 4:00 

5/13 8 PFC 102 6 96 4:35 

5/14 14 NES 125 2 123 4:00 

Continued 
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Table 1. 1 Continued 

DATE 

5/14 

5/15 

5/16 

5/17 ** 
5/17 

5/18 

5/18 

5/19 *** 
5/21 

5/21 

5/22 

5/22 

5/22 

5/23 

5/23 

5/24 

TRIP # 
AND 

AGENCY 

9 PFC 

10 PFC 

11 PFC 

12 PFC 

A12 PFC 

13 PFC 

Al3 PFC 

14 PFC 

15 PFC 

AlS PFC 

15 NES 

16 PFC 

Al6 PFC 

17 PFC 

A17 PFC 

18 PFC 

NUMBER 
TRANSPORl.'ED 

112 

120 

47 

101 

108 

107 

85 

0 

125 

127 

106 

106 

125 

119 

117 

123 

NUMBER 
DEAD 

8 

7 

0 

51 

5 

4 

5 

0 

6 

3 

42 

11 

13 

17 

13 

24 

NUMBER 
ALIVE 

104 

113 

47 

50 

103 

103 

80 

0 

119 

124 

64 

95 

112 

102 

104 

99 

rorAI. TANK 
TIME 

(HRS: MIN) 

3:55 

5:00 

4:35 

4.: 55 

4:10 

7:05 

5:00 

4:10 

4:00 

5:45 

5:15 

4:00 

4:05 

5:00 

5:10 

* Transported to Pleasant M:>unt for delayeduortality studies. 

** Trip #12 PFC (5/17) - Utilized S"na.11 engine life support system. 

*** Equipment failure, no fish transported . 
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TABLE 1.2 
Conparison of pre-spawned adult Altv:rrican shad transferred fran Connecticut: River 
(1980-84) arrl Hudson River (1982-84) to Susquehanna River. 

Nunber Nunber Percent 
Year Transported Alive Survival 

m~rcur 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% 

Total 6,211 4,224 68% 

HUDSON RIVER 

1982 1,176 992 84% 
1983 3,691 3,123 84% 

1984 4,372 3,592 82% 

Total 9,239 7,707 83% 

GRAND 'KJI'AL 15,450 11,931 77% 



TABIE 1. 3 

Record of Dissolved Oxygen and Temperature During Transport of Adult l\rrerican Shad by NES and the PFC fran the 
Hudson River to the Sus:;iuehanna River, 1984. 

. 
DISSOLVED OXYGEN (PPM) TEMPERATURE (°C) 

-
TRIP# 

DATE AND HUDSON srARr 'M) FOUR FINISH SUSQUEHANNA HUOOON srART 'M) FOUR FINISH SUSQUEHANNA 
AGENCY RIVER TANK HRS. HRS. RIVER RIVER TANK HRS. HRS. RIVER 

April 30 1 NES 6.4 7.8 7.5 5.1 5.1 8.2 13 . 0 13.0 15 . 0 16 . 0 16.0 13.0 
May 1 2 NES 8. 0 8.4 7.7 5.4 5.4 8. 4 12.0 13 . 0 14 .0 15.0 15.0 11.5 

2 3 NES 8.0 9.0 7.9 5.5 5.5 8.0 13. 0 13.0 15.0 15 . 0 15.0 13.0 
3 4 NES 8.0 8.4 7.8 5. 4 5.4 8.1 14.0 14.0 14.0 14 . 0 14.0 13.0 
4 5 NES 8.0 6.8 5.5 4.8 4.8 8.2 12.0 12 .0 14.0 14.0 14.0 12.0 
5 ...... 6 NES 8. 0 4 . 5 4.5 4 . 5 4.5 8.2 13.0 13.0 13.0 13.0 13.0 12.0 

I 
I-' 5 1 PFC -- 9.0 8.6 7.7 8.9 -- 13.2 13. 2 13.2 13.5 13.5 12.0 co 

6 2 PFC 8.0 9. 0 7.8 7.9 8.3 -- 13.0 13 . 0 14.0 14.5 15.0 11.5 
7 7 NES - -- -- - - METER MALFUNCTIONING 
7 3 FPC 7.9 10.2 7.9 8.0 8. 2 - 13. 0 13.0 14.5 14.5 14.5 11.5 
8 8 NES 9. 5 4.2 4.8 4.5 4.5 8. 0 12. 0 11.0 13.0 13.0 13.0 11.5 
8 4 PFC 9. 5 9. 5 8.0 8. 2 8 . 4 -- 12.0 12.0 11.5 12.0 12.0 11.5 
9 9 NES 7. 5 4.5 4 . 7 4.7 4.7 8.0 12.0 12.0 12. 0 13.0 13.0 12.0 
9 5 PFC 7.5 7.5 9.0 9. 3 9.3 -- 12.0 12.0 12.0 12.0 12. 0 12.0 

10 10 NES 8 . 4 5.0 4 . 8 4.8 4.8 8.0 11.0 11.0 11.0 12.0 12.0 12.0 
11 11 NES 8.6 5.5 5. 5 4.8 4.8 8.0 11.0 11 . 0 13.0 14.0 14.0 11.5 
11 6 PFC 8.6 8 .6 9. 3 8.7 8.6 - 11. 0 11 .0 11.5 13.0 13.0 11.5 
12 12 NES 8.6 6 .4 5.0 5.0 s.o 8.5 13.0 13.0 14.0 15.0 15.0 12 .0 



DISSOLVED OXYGEN (PPM) TEMl?ERATURE ( oc) 

TRIP# 
DATE AND HODSON 5TARI' '1W) FOUR FINISH SlEQUEHANNA HUDSON srARr '1W) FOUR FINISH SUSQUEHANNA 

AWCY RIVER TANK HRS. HRS. RIVER. RIVER TANK HRS. HRS. RIVER 

May 12 7 PFC 8.6 8.6 7.6 8.9 8.9 - 13.0 13.0 13.0 13.5 13.5 12.0 

13 13 NES 8.7 7 .0 5.0 4.5 4.5 8.0 12.0 12.0 13.0 14 . 0 14.0 

13 8 PFC 8.7 8.7 8.9 9.2 9. 2 - 12.0 12.0 13.0 13.5 13.5 14.0 

14 14 NES 9.0 6.0 6.8 6.8 6.8 8.0 12.0 12.0 13.0 14.0 14.0 11.5 

14 9 PFC 9.0 8.7 8.5 9.2 9.2 - 12.0 12.5 12.5 12.5 12.5 11.5 

15 10 PFC 9.5 9.5 7.8 9.9 9.9 - 12.0 12.0 11.5 11.5 11.5 12.0 .... 
I 16 11 PFC 10.0 9.0 9.2 9.8 9. 5 - 11.0 11.0 12.0 11.5 11.5 11.5 .... 
\0 

17* 12 PFC 10.6 9.6 4.7 4.3 4.3 -- 11.5 13.5 14.0 15.0 15.0 11.0 

17 A12 PFC 10.6 9.6 8.5 8.5 8.5 - 11.5 12.0 13.0 13.0 13.0 11.0 

18 13 PFC 9.0 5.5 8.9 8.5 6.8 - 12.0 12.5 13.0 13.0 13.5 12.0 

18 A13 PFC 

19 14 PFC 

21 15 PFC 8.7 8.9 7.6 8.5 8.5 8.1 14.0 16.0 17.0 17.5 17.5 14.0 

21 A15 PFC 8.7 5.5 7.4 8.4 8.4 8.1 14.0 16.0 17.0 17.5 17.5 14.0 

22 15 NES 8.0 4.8 4.8 5.1 5.1 7.8 12 . 0 16.0 18.0 19.0 19.0 14.0 

22 16 PFC 6.1 5.9 6.5 7.. 0 7.0 - 15.0 16.0 17.5 17.5 17 . 5 

22 A16 PFC 6.0 6.0 6.8 7.2 7.2 - 16.0 16.0 17.0 17.5 17.5 15.0 

23 17 PFC 8.3 9.3 8.7 7.4 7.4 7.9 16.5 16.5 15.5 15.5 15.5 16.0 

23 Al 7 PFC 8.3 7.8 8.4 9.6 9.6 7.9 16.5 16.5 15. 5 15.5 15.5 16.0 

24 18 PFC 7.3 6 . 9 8.4 7.4 6.9 -- 17.0 17.0 17 .o 17.0 17.0 

*Trip #12 PFC (5-17) - Utilized snall engine life support system. 



Table 1.4 1984 ADULT AMERICAN SHAD TRANSPORTATION -

IMMEDIATE MORTALITY ASSESSMENT BY SEX 

(PENNSYLVANIA FISH COMMISSION} 

Males Females 

% of Mean Mean I of Mean Mean 
# Fish I % I Total Length Weight t . Total Length Weight 

~ Hauled .Ile.fill ..o.e.a..d .Ile.fill t Dead Cinches> {pounds> J2tig I Dead Cinches> Cpounds.l 

5/8 135 24 17.8 17 70.8 21.2 3.8 7 29.2 23.3 5.4 

5/8 125 35 28.0 26 74 .3 20.4 3.3 9 25.7 23.6 5.3 

5/9 136 64 47.1 49 76.6 20.2 3.6 15 23.4 22.4 5.1 
...... 
~ 5/9 109 13 11.9 10 76.9 19.l 3.1 3 23 .1 22.1 5.3 
0 

5/10* 107 11 10.3 8 72.7 20.2 3.5 3 27.3 21.9 5.2 

5/15 120 7 5.8 6 85.7 19.4 3 . 2 1 14.3 22.4 6.0 

5/16 46 0 0 0 0 0 0 0 0 0 0 

5/17 108 5 4.6 • 4 80.0 19.7 3.1 1 20.0 22.2 3.9 

5/17 101 51 50.5 36 70.6 19.5 2.8 15 29.4 22.8 4.5 

Overall 987 210 21.3 156 74.3 20.1 3.3 54 25.7 22.8 s.o 

*Released i n Pleasant Mount "Lagoon;• 5-day delayed mortality after stocking= 2 fish (2%). Subsequent 
harvest from "lagoon," and transport to the river resulted in the loss of 1 fish and the release of 93 live 
American shad . 



JOB II. AMERICAN SHAD EG3 CDLLECTION PROGRAM 

2.1 ~Dtx::TION 

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

Lancaster, PA. 

Egg Collection in 1984 was to be corrlucted on the James and Pamunkey 

Rivers in Virginia; the Delaware River; arrl the Colunbia River, Oregon-

Washington. The SRAFRC goal for 1984 was to obtain 25-40 million viable 

eggs, to reach a minimum production rate of 4 million fry arrl 100,000 

advanced fry arrl fingerlings . The Hudson River was to be sampled only 

as an alternate if large nunbers of ripe fish were encountered during 

routine adult collection. Eggs were to be delivered to the Van Dyke 

Hatchery. The fish released £ran the hatchery will supplement the 

developnent of the shad pcpulation belCM the ConCMingo Dam with the 

urge to migrate upstream past dams to spawn. 

In 1983 East arrl West Coast egg collection activities resulted in 

the incubation of a reoord 34. 5 million American shad eggs. Of these 

a total of 4 .1 million juvenile American shad, 4 million fry arrl 

98,000 fingerlings were released into the Juniata River. 
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2. 2 METIDDS 

2.2.1 F.gg Collection 

Eggs were collected fran shad in spawning condition taken in 

gill-nets by ccmnercial fishennen. Eggs were artificially fertilized 

in. essentially the sarre manner established by Kilcer (1973), although 

minor revisions were employed. Mcxlifications were made as a result 

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

Coast. A brief description of the procedure follCMs. 

Eggs were stripped. fran three or four spawning females into a 

dry collecting pan and fertilized with spenn fran one or m::>re males. 

After dry mixing eggs and spenn for several minutes, the eggs were 

allowerl to set for 2- 3 minutes to allCM for optimum fertilization. 

A snall amount of water was then added to the mixing pan arrl the gametes 

stirred, again. After the eggs settled, the water was drained arrl clean 

wa.ter added. This rinsing process was repeated 3- 4 ti.Ires to remove dead 

spenn, unfertilized and broken eggs , arrl debris. Fertilized eggs were 

th.en poured into large plastic buckets filled with clean river water 

and allCMed to soak for several hours to becare 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 debris, such as scales and stick.es, removed. Then, five liters each 

of eggs and clean water was placed in a plastic bag which had an outer 

plastic bag for protection in shipping. 

Pure oxygen was put into the bag containing eggs and the bag securely 
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2.2 . 1 Continued 

tied with two castrator rings. The package was then placed into styrofoam 

containers, sealed with tape and placed in cardboard boxes for shiprent. 

Each box was labelled to shCM river narre, date, number of liters of eggs, 

water teuperature and ratio of fanales to males. 

2. 2. 2 Collection Areas 

2. 2. 2.1 Pamunkey River, Virginia 

NES biologists began egg collection efforts on the Virginia rivers 

on 9 April, upon confinning reports that shad had been taken by fishemen 

in spawning cor:rlition. Biologists/technicians worked with cxmnercial 

fishermen at Thanpson' s Laming, New Kent, Virginia, located approximately 

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 corrlucted between 1530 and 2200 hours on a seven day 

per week schedule. NES biologists/technicians operated fran the shoreline 

at Thcrnpson' s Landing. As fish were captured, a small shuttle systan 

was utilized to bring the spawning fish to the shoreline as quickly as 

possible. This shuttle was new for 1984. Fish in spawning condition 

were processed at the shoreline. 

2.2.2.2 James River, Vi:rginia 

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

River to spawn approxirnately two weeks later than on the Pamunkey River. 
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2.2.2.2 Continued 

An overlap pericrl of one to b«> weeks is not uncx::mron. Throughout the 

Pamunkey River egg collection program camrunication between cxmrercial 

fishennen on the James and NE.S biologists was maintained, to detennine 

when oollection efforts on the James River should begin. 

Egg oollection efforts on the James River began on 20 April at 

Berkley Plantation Landing. Berkley Plantation is in the Charles City­

Hopewell section of Virginia, directly below the Benjamin Harrison Bridge. 

cam-ercial fishennen using gill- nets and biologists/technicians 

worked together out of snall rON boats during egg collection operations. 

Eggs were stripped fran spawning fenales and fertilized on the boat, 

rather than on the shoreline, as was the case on the Parnunkey River. 

Gill-netting was conducted fran 1530 to 2200 hours. 

2.2.2.3 Hudson River 

Although a total of 1,172,400 eggs were oollected fran the Hudson 

River in 1983, the Hudson River was not utilized as an egg source during 

1984 SRAFRC activities. The Hudson River was oonsidered as an additional 

source if large numbers of ripe fish were encountered during routine adult 

collection-a situation which did not. occur. 

2.2.2 . 4 Columbia River 

The egg collection program on the Columbia River, Oregon-Washington 

was initiated on 11 June. This decision was detennined only after NES 
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2. 2. 2.4 Continued 

biologists had monitored routine fishing activities of Columbia River 

cxmnercial fisherrren arrl agreed that spawning shad were available in 

sufficient nunbers. 

Netting for shad was corrlucted on the north shoreline approximately 

two miles upstream at the Camas-Washougal Reef (Troutdale area) • The 

reef is characterized by 10- 30 foot water depths with rocky substrate 

arrl scattered logs arrl trees urrlerlying the netting area. Shad were 

captured by gill-nets, as in previous years. The nets utilized during the 

1984 operation were 150 fathans in length arrl tapered in depth fran a 

maximum of 1-2 fathans with 5 3/4 inch rrcnofilarrent nesh. Typically, 

three 45-60 minute drifts we.re made nightly. 

2.2.2.5 Delaware River 

In 1983 an experimental effort was conducted on the Delaware River 

at the Smithfield Beach by personnel of the U.S. Fish arrl Wildlife Service, 

PA Fish Ccmnission and a local volunteer group to collect American shad 

eggs. 9nithfield Beach is located about 8 miles upstream. NE fran East 

Stroudsburg, PA. 

The success of last years program led to its continuation in the 1984 

W:)rk Plan. The PFC had the lead on this project. 

The sampling program was initiated on 22 May a.rrl terminated on 7 June. 

By this titre, the majority of shad taken were no longer in spawning 

corrlition. Shad were captured utilizing anchored gill-nets (200 ft long x 
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2.2.2. 5 Continued 

6 ft deep, with 4 3/4 - 6 in rresh) set parallel to the current. Nets 

were generally set benveen dusk arrl midnight. Fish were rem:wed fran 

nets arrl shuttled by 1:::oat to shore to be processed. 

2.3 TRANSP0Rl'ATION 

2.3.1 Virginia Rivers 

Shad eqgs collected fran the Parnunkey and Jam:s Rivers were 

transp:>rted by autanobile, as was the case in 1983. Eggs collected at 

the rivers were driven to Sandston, Virginia. Arranganents were made to 

deliver the shipnents fran Sandston to the Van Dyke Hatchery. NES 

personnel in Virginia notified the hatchery nightly to verify the estimated 

m.rnber of liters arrl the El'A of the shiprent. The average delivery tirre 

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 United Airlines Freight Tenninal at Portland 

International Airp:>rt. Eggs were delivered to the airport between 

2215 and 2230 hours, five days per week (Morrlay through Friday). 

Unfortunately 1983 flight arrangements were no longer in service arrl 

alternate connections had to be made. In 1983 freight shipped to 

Washington, D. C. did not result in a plane change. However, no direct 

flights to the F.ast Coast were available on any carrier in 1984. 
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2.3.2 Continued 

Consequently the egg shipnents were flown to Chicago arrl redirected to 

Harrisburg International Airport. This change in aircraft is believed to 

have reduced viability and is discussed in more detail later in the report. 

Upon arrival of egg shipnents into Harrisburg, PA. , eggs were 

transported by van to the hatchery. Approximate shipping time was 

11-13 hours. 

2. 3. 3 Delaware River 

Egg shipnents fran the Delaware Rivers were transported in the 

same manner as in Virginia. Eggs were delivered by autcnobile fran the 

oollection site to the Van Dyke Hatchery. F.ggs were received usually within 

a few hours of processing. The driving distance to the hatchery was 

approximately 3 hours. 

2.4 CX>LLFO'IOO SCHEDUIE 

The shad egg oollection schedule was based on experience gained 

over a ten year period. Initiation of oollection activities on any river 

participation in fishing activities which docunented that spawning shad 

were available in sufficient mmbers. Collection activities usually began 

when water temperature reached 55-60°F. 

East Coast egg oollectian operations were tenninated when less than 

5 liters of eggs were taken on a number of oonsecutive nights or it was 
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2.4 Continued 

apparent that shad had conclude1 spawning activities . The West Coast 

operation was base1 on the nunber of fishing days that the bwget could 

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

2. 5 RESULTS 

In 1983 a cooperative effort was made to improve procedures of 

collection, artificial fertilization and shipnent of American shad eggs. 

The result was :inprove1 viability and egg quality for the entire program. 

These techniques which proved effective in 1983 were follc:Med as closely 

as possible in this years program. Regardless, viability of eggs for 1984 

was dCMn on 1:oth East and West Coast Rivers. Decreased viability is 

attributed to: 

(1) Abnonnal weather conditions on the F.ast Coast in 1984. High 

arrounts of precipitation and unusually cold weather may have affecte1 

the number and quality of eggs available. For instance , in Virginia, 

the number of eggs stripped per fish was significantly lc:Mer than that 

of the previous year . An average of 12. 7 thousand eggs per fish was 

taken in 1984, down about 35% fran 17.2 thousand in 1983. 

(2) The ratio of buck to roe. Viability on the West Coast declined 

by 9% fran last years average of 48%. On several occasions this year, 

the buck - roe ratio exceeded the desired 1:3 ratio. 

(3) Change in the flight schedule for egg shi~nts . In 1983, shi{r 

rnents air freighted to Washington, D.C. did not result in a carrier 
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2.5 Continued 

change. Ha'1eVer, in 1984, no flights to the East Coast were availabl e 

without a plane change in Chicago. Consequently, the shiprents were 

exposed to increased handling, sane missed flight connections and 

delayed time of arrival. This situation was also a problan in 

1981 and 1982. 

2. 5. 1 Pamunkey River 

Shad egg collection efforts began on 11 April on the Pamunkey River, 

Virginia and continued throughout the duration of the annual adult spawning 

runs . Water tanperature ranged fran 54 to 64 °F. Egg collection efforts 

were halted on 1 May when carrnercial fishermen no longer caught shad in 

gill-nets. A total of 9. 8 million eggs, of which 6. 3 million were viable, 

were collected fran the Pamunkey River. 

Heavy rains and abnonnally la.v tanperatures in late March and early 

April resulted in a late shad run in Virginia. In addition, ·fishenren were 

forced to fish 1- 2 miles belCM Thanpson' s Landing this year, due to reduced 

nunbers of shad at the landing. Fishermen attributed the poor catch to the 

high rains in March and April which lavered the salinity of the river . 

2.5.2 James River 

While the Pamunkey River was prcrlucing the highest number of eggs in 

the history of the collection program, the Jarres River had a disappointing 

season (Tables 2 and 5) . A late shad run and high winds reduced the nunber 
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2.5.2 Continued 

of days in which fishennen were able to set their nets. 

A total of only four fishing days were spent on the Jartes River in 

19~4 as canpared to 10 days in 1983. A sun of only 0. 74 million eggs 

were oollected between 20 April and 2 May. This figure was down 

significantly fran 5.91 million eggs in 1983. In 1984, 63 . 9% of Jartes 

River eggs were viable. 

2. 5. 3 Col\.J\lbia River 

Egg oollection on the Colu:nbia River begcm on 11 June and oontinued 

through 29 June. Water tenperature ranged frcrn 52-62°F. A total of 

27.8 million eggs, of which sane 10.9 million were viable, were sent to 

the Van Dyke Hatchery in 14 seperate shiprents. Although viability for 

1984 was down about 9% fran last year, a superior shad run resulted in 

an increase of 1. 5 million ll'Ore viable eggs th.an in 1983. The 27 . 80 

million eggs taken on the Columbia River this year represents the seoond 

highest total nunber of eggs since the 54.80 million oollected in 1976. 

2.5.4 Delaware River 

Over 2.60 million eggs were collected in efforts on the Delaware 

River {Table 7). Approximately 0 . 82 million 1(31. 2%) were viable. This 

is down approximately 7% fran last years 48% average. All eggs were 

delivered to the Van Dyke Hatchery nightly, in six separate shipnents. 

Viability in these shipnents ranged fran a la,i of zero percent to a high 
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2.5.4 Continued 

of 75. 5%. The shiprent of 24 May when no viable eggs were received was 

a result of not using oxygen in the shipnent bags. The PFC also suggested 

that the low viabilities in shipnents 23-25 (Table 7) may be weather 

related, as was the case in Virginia. 

2.5.5 All Rivers Canbined 

The shad egg collection operation was corrlucted between 11 April 

arrl 7 June on three East Coast rivers arrl the Columbia River (Oregon­

Washington) . Canbined, the total nunber of eggs collected was sane 

41. l million. Of these, over 18. 5 million were viable . Most eggs 

(67%) were obtained fran the Columbia River . Although viability of eggs 

was lo.ver for the entire program, a greater volute of eggs were collected 

in 1984 . 

2. 6 CDMPARISON WITH 1971 TO 1984 RESULTS 

The total number of eggs collected in 1984 has increased steadily 

Oller the last three years. Much of this increase can be attributed to 

the Columbia River and the recent strength of the Pamunkey River. The 

Pamunkey in the last two years has made a significant contribution to the 

program (5. 49 million - 1983 and 9. 8 million - 1984). The 9. 8 million 

eggs taken fran the Pamunkey River this year marks the highest total since 

its inclusion in the program. Although the Parnunkey has been strong in 

1983 and 1984, the East Coast rivers in general, remain an inconsistant 
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2.6 Continued 

source of eggs. The Columbia River once again producErl the highest 

m:rnber of eggs (67%) and ranains the roost reliable source of artificially 

fiertilized shad eggs. 
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TABLE 1. Sarrpling pericd for East and West Coast rivers for oollection of 
American shad eggs, 1984. 

SAMPLING SCHEDUIE 

RIVER DATES rorAL FISHING DAYS 

Pamunkey 11 April - 2 May 19 

James 20 April - 2 May 3 

Columbia 11 June - 29 June 15 

Delaware 22 May - 7 June 6 

TABIE 2. Collection data of the total volurre and number of American shad eggs 
on the Pann.mkey, James, Columbia and Delaware rivers, 1984. 

RIVER VOWME OF EOO.S SHIPPED (L) 

Pamunkey 299 . 00 

Jarres 25. 20 

Columbia 779.40 

Delaware 53. 70 

Totals 1,157.30 

2.,.13 

'IDI'AL NUMBER OF EOOS 
(Millions) 

9 . 83 

0 . 74 

27.88 

2.64 

41.11 
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TABIE 3 
Total number (millions) of Arrerican shad eggs a)ilected fran the Pamunkey, Mattaponi, Janes, Potanac, 
Susquehanna, Delaware, Connecticut, Hudson and Colt:n't'lbia Rivers, 1971-1984. 

Year Pamunkey Mattaponi Janes Potanac Susquehanna Delaware Connecticut Colt:n't'lbia 

------
1971 -- -- -- -- 8.42 -- -- --
1972 -- - -- -- 7.00 -- - -
1973 8.'45 6.48 - 34.64 4.74 - 4.30 --
1974 9.75 6.80 19.20 5.56 - -- 0.53 8. ]8 

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 

1984 9.83 -- 0.74 -- -- 2. 64 -- 27 . 88 

'IvrAiS 63.21 13.85 60.86 45.90 20.16 9.14 5.18 166.04 

Hudson Total 

- 8.4 

- 7.1 

-- 58.6 

-- 50.0 

-- 33.2 

-- 58 . 9 

-- 17.6 

-- 17.0 

-- 8.2 

- 13.6 

-- 11.6 

-- 25.8 

1.17 34.48 

-- 41.11 

1.17 385.59 



TABT,E 4 

Collection data for American shad eggs taken on the Pamunkey River , 1984 . 

Volurre of Egqs 

Collection Water Number of (Received at Weather Conditions Number of 

Date Tanperature Adult Shad 
Hatchery) Air Tanperature Comercial 

(OF) (In Liters) ( OF) :FisheI:man & Boats 

--------
April 11 55 21 8 . 0 60 - Clear 3 2 

12 57 66 16. 7 60 - Clear 5 3 

13 56 66 21.2 59 - Rain 3 2 

14 59 84 23.7 63 - Rain 5 3 

N 
15 60 67 14.6 55 - Cloudy I 3 2 ..... 

0, 

16 60 97 26 . 4 55 - Clear 3 2 

17 60 49 20.5 55 - Clear 1 1 

18 59 44 12.8 52 - Clear 3 2 

19 .:l t) 73 25. 2 52 - Rain 5 4 

20 58 94 24.6 55 - Clear 4 3 

21 59 86 29. 3 58 - Clear 7 4 

23 54 33 8 . 5 52 - Cloody 4 3 



TABIE 4 Continued 
-

Volure of F.ggs 
(Received at 

Collection Water N\ll\ber of Hatchery) Weather Conditions 
Date Tmq;ierature Adult Shad (In Liters) Air Temperature (OF) 

_crl_ 

April 26 56 24 4.7 60 - Clear 

27 60 21 8.4 65 - Clcudy 

28 61 30 10.5 65 - Cloudy 

29 63 50 12.0 70 - Clear 

30 63 37 10.5 73 - Clear 

May 1 64 34 9.8 72 - Clear 

~ 2 64 55 11.6 70 - Cloudy 
..... 
"' 

TABLE 5 
Collection data fran Anerican shad eggs taken on the James River, 1984. 

Collection 
Date 

April 20 

23 

26 

Water 
Ta11p&ature 

(OF) 

59 

54 

56 

Number of 
Adult Shad 

38 

19 

20 

Volure of F.ggs 
(Received at 

Hatchery) 
(In Liters) 

10.6 

7.5 

7.1 

Weather Comitions 
Air Ta11p&ature 

(OF) 

55 - Clear 

52 - ClctJdy 

60 - Clear 

Nunber of 
Ccmnercial 

Fishennan & Boats 

2 2 

1 1 

4 3 

4 3 

4 3 

3 2 

3 2 

Nunber of 
Ccmrercial 

Fisherman & Boats 

4 

2 

2 

2 

1 

1 
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TABI..E 6 
Collection data for Arrerican shad eggs taken on the Columbia River, 1984. 

Collection 
Date 

June 11 

12 

13 

14 

15 

18 

19 

20 

21 

22 

25 

26 

27 

29 

Water 
Tarperature 

(OF) 

59 

54 

54 

58 

55 

56 

60 

58 

52 

56 

62 

60 

60 

60 

N\.Jl'lber of 
Adult Shad 

Male Female 

38 114 

40 120 

33 100 

33 100 

36 110 

26 140 

40 120 

15 80 

23 70 

29 87 

44 132 

23 70 

20 60 

20 90 

Volure of E.ggs 
(Received at 

Hatche:ry) 
(In Liters) 

58.8 

62.1 

51..3 

55.2 

56.4 

72.3 

68.7 

52.4 

41.6 

55.9 

71. 9 

38.1 

37.8 

56.9 

Weather Conditions 
Air Tanperature 

(OF) 

65 - Clear 

65 - Cloudy 

62 - Cloudy 

70 - Clear 

67 - Clear 

70 - Clear 

70 - Clear 

50 - Rain 

60 - Rain 

75 - Clear 

85 - Clear 

68 - Rain 

70 - Clear 

55 - Cla.tdy 
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TABLE 7 
Collection data for Arrerican shad eggs taken on the Delaware River , 1984. 

Collection 
Date 

April 22 

23 

24 

May 5 

6 

7 

Date Received 
By Hatchery 

April 23 

24 

25 

May 6 

7 

8 

Voll..mle of Eggs 
Received at Hatchery 

4. 6 - Liters 

12. 2 - Liters 

4.7 - Liters 

6 .0 - Liters 

11. 9 - Liters 

14.3 - Liters 

j f 



JOB III. AMERICAN SHAD HATCHERY OPERATIONS 
T. A. Wiggins, T. R. Bender, and V. A. Mudrak 

. Pennsylvania Fish Commission 
Benner Spring Fish Research Station 

Bellefonte, PA 

The Pennsylvania Fish Commission has operated the Van Dyke 

Research Station for Anadromous Fishes since 1976 as part of an 

effort to restore diadromous fishes to the Susquehanna River 

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

culture techniques (Job V) for American shad and to rear 

juveniles, both fry and fingerlings, for release into the 

Juniata River. The program goal is to develop a stock of shad 

imprinted to the Susquehanna drainage, which will subsequently 

return to the river as spawning adults. During 1984, the van 

Dyke Station incubated 41.1 million eggs with a 45.2 percent 

hatch. A 73 percent survival of fry resulted in the production 

of 13.6 million juvenile American shad from which a record 12 

million were released into the Juniata River. All fish stocked 

were exposed to phenethyl alcohol, an imprinting agent to be 

used as a chemical attractant at the Conowingo Dam fish 

collection facility. 

This year's effort was supported by funds provided from the 

settlement agreement between Pennsylvania Power and Light 

Company, Safe Harbor Water Power Corporation, the Pennsylvania 

Fish Commission, and the Susquehanna River Basin Commission. 
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Egg collection. shipment and Incubation Data 

The Van Dyke Research Station received 39 egg shipments in 

1984 with a total of 41.1 million eggs, the largest number of 

eggs ever received at the facility (Table 3-1). National 

Environmental Services, Incorporated, primarily responsible for 

egg collection, provided eggs from three sources: the Pamunkey 

and James Rivers in Virginia, and the Columbia River, Oregon. 

The Pennsylvania Fish Commission was responsible for the egg 

collection effort on the Delaware River. 

Nineteen egg shipments were received from Virginia river 

sources with a total of 10.6 million eggs (346 liters), 65 

percent viable. The Pamunkey River shipments provided the 

majority of eggs, 9.8 million (299.0 liters) of which 64.5 

percent were viable. This was the largest annual collection of 

eggs from the Pamunkey River. In contrast, the James River 

collection effort provided only 0.7 million eggs (25.2 liters>, 

63.9 percent viable which is the lowest annual collection of 

eggs from the James River. Egg collection efforts on the James 

River were suspended, however, due to funding rather than the 

availability of eggs. 

The Delaware River egg collection effort provided 2.6 

million eggs (53.7 liters) with an average viability of 31.2 

percent. Egg viability was initially high (70-76 percent) until 

one shipment was delayed resulting in a O percent hatch. Shortly 

thereafter, the high river flow temporarily suspended the egg 

collection effort. When this operation resumed, egg quality was 

poor (17.0 percent viable) and resulted in the termination of 

this collection effort. 
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Table 3.1 American Shad egg totals from Van Dyke, 1984. 

Total t of shipments Call rivers} 

Number of eggs received 
Volume of eggs received 
Average percent viability 
Total number of viable eggs 
Number of fry Cat hatch} 
Number of fry stocked 

Totals (broken down by river) 

Pamunkey River 

Number of eggs received 
Volume of eggs received 
Percent viability 
Total number of viable eggs 
Number of fry (at hatch) 

James River 

Number of eggs received 
Volume of eggs received 
Percent viability 
Total number of viable eggs 
Number of fry Cat hatch) 

Delaware River 

Number of eggs received 
Volume of eggs received 
Percent viability 
Total number of viable eggs 
Number of fry Cat hatch } 

Columbia River 

Number of eggs received 
Volume of eggs received 
Average percent viability 
Total number of viable eggs 
Number of fry Cat hatch) 

*Estimate 

3-3 

39 

41,112,900 
l,157.3L 

45.2 
18,593,600 
18,007,000 
11,995,690 

9,839,800 
299.0L 
64.5 

6,369,500 
6,242,000 

749,700 
25.2L 
63.9 

479,200 
446,300 

2,641,200 
53 . 7L 
31.2 

823,600* 
785,800* 

27,882,200 
779 . 4L 

39.2 
10,921,300 
10,532,900 



The Columbia River has, as in the past, remained an 

excellent source for a large number of eggs. A total of 27.9 

million eggs were collected, 39.2 percent viable. 

A breakdown by river system and shipment can be found in 

Table 3-2. 

The egg collection effort had an excellent year in 1984 

with a record number of eggs delivered to the hatchery over an 

extended period of time (April 12 to June 29). There were 

some problems; however, egg viability, 45.2 percent, was 10 

percent lower than in 1983. In 1983, 6.6 million fewer eggs 

resulted in over half a million more fish at hatch. The egg 

viability problem was partially due to the use of greater than 

a 3 to 1 ratio (eggs from 3 females fertilized by 1 male) when 

fertilizing eggs. This situation occurs because the mesh size 

used is designed to catch fish that typically approach the 

size of female American shad; the males tend to be smaller and 

are often missed. A 48.3 percent hatch occurred when a 

standard 3 to 1 ratio was used, as compared to a 34.9 percent 

hatch when greater ratios (8 to 1 or 10 to 1) were used for 

eggs collected on the same day. In addition,shipment of eggs 

(delays in shipment or breakage of bags) and quality control 

of spawning techniques (maintaining clean, dry basins between 

lots of eggs, limiting number of eggs collected before 

fertilization, etc.) contributed to poor egg quality. It has 

been demonstrated that a large number of eggs can be collected 

over an extended period of time and successfully handled at 

Van Dyke. Effort should now be directed towards making all 

eggs, "quality" eggs, without reducing the total number of 

eggs collected. 
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Table 3-2. American Shad egg data (listed by shipment) from Van Dyke, 1984. 

Shipment Date Date Vol. ( 1) Percent Viable 
Number River Taken Received Received cvo> ~ Viability Eggs Sac Frv 

1 Parnunkey 4/11 4/12 8.0 300,700 69.2 208,000 207,600 

2 Pamunkey 4/12 4/13 16.7 692,200 62.2 430,600 421,800 

3 Pamunkey 4/13 4/13 21.2 877,700 54.8 480,600 468,300 

4 Pamunkey 4/14 4/15 23.7 889,100 76.6 681,300 667,700 

w 5 Pamunkey 4/15 4/16 14.6 455,100 60.8 276,500 272.400 
I 

<.n 

6 Pamunkey 4/16 4/17 26.4 805,400 74.7 601,500 592,900 

7 Pamunkey 4/17 4/18 20 .5 582,900 81.8 476,800 448,800 

8 Pamunkey 4/18 4/19 12.8 416,800 55.7 232,000 229,900 

9 Pamunkey 4/19 4/20 25.2 816,900 51.9 423,600 421,300 

10 Pamunkey 4/20 4/21 24.6 766,000 73.7 564,900 553,000 

James 4/20 4/21 10.6 329,600 66.4 218,700 211,600 

11 Pamunkey 4/21 4/22 29.3 851,600 55.0 468,600 466,300 



Table 3-2. American Shad egg data (listed by shipment) from Van Dyke, 1984. 

Shipment Date Date Vol. ( 1) Percent Viable 
Number River Taken Received Received <YD> ~ Viability Eggs Sac Frv 

12 Pamunkey 4/23 4/24 8.5 248,400 so.a 126,100 121,200 

James 4/23 4/24 7.5 204,300 61.6 125,800 102,000 
13 Pamunkey 4/26 4/27 4.7 189,800 63.4 120,400 119,000 

James 4/26 4/27 7.1 215,800 62.4 134,700 132,700 
14 Pamunkey 4/27 4/28 8.4 255,400 59.7 152,400 150,400 

15 Pamunkey 4/28 4/29 10.5 319,100 80.6 257,300 249,300 
w 
I 

16 Pamunkey 4/29 4/30 °' 12.0 348,300 61.1 212,700 205,500 

17 Pamunkey 4/30 5/1 10.5 309,900 68.2 211,200 206,800 

18 Pamunkey 5/1 5/2 9.8 297,900 64.3 191,500 190,400 

19 Pamunkey 5/2 5/3 11.6 416,600 60.8 253,500 249,500 

20 Delaware 5/22 5/23 4.6 196,100 7 5 .5 148,100 145,500 

21 Delaware 5/23 5/24 12.2 480,400 69.8 335,500 300,300 

22 Delaware 5/24 5/25 4.7 245,700 0 0 0 

23 Delaware 6/5 6/6 6.0 236,200 46.6 110,000* 110,000* 

24 Delaware 6/6 6/7 11.9 756,500 7.9* 60,000* 60,000* 

25 Delaware 6/7 6/8 14,3 726,300 23,4* 170,000* 170,000* 



Table 3-2. American Shad egg data (listed by shipment) from Van Dyke, 1984. 

Shipment Date Date Vol. ( 1) Percent 
Number River Taken Received Received CVD> ~ Viability Eggs Sac Frv 

26 Columbia 6/11 6/12 58.8 2,052.400 47.8 980,600 953,100 

27 Columbia 6/12 6/13 62.1 2,123,100 41.1 872,500 831,400 

28 Columbia 6/13 6/14 51.3 1,993,500 40.5 808,300 786,600 

29 Columbia 6/14 6/15 55.2 1,947,100 32.1 624,400 610,300 

30 Columbia 6/15 6/17 56.4 1,813,400 34.7 628,500 616,200 
:....> 
I 

31 Columbia 6/18 6/19 72.3 2,624,000 50.6 1,327,200 1,255,700 " 
32 Columbia 6/19 6/20 68. 7 2,518,800 40.7 1,025,600 921,900 

33 Columbia 6/20 6/21 52.4 1,874,900 31.8 595,800 582,700 

34 Columbia 6/21 6/22 41.6 1,808,800 26.0 469,700 459,600 

35 Columbia 6/22 6/23 55.9 1,925,000 41.1 791,000 777,100 

36 Columbia 6/25 6/26 71.9 2,628,500 43.2 1,135,800 1,123,400 

37 Columbia 6/26 6/27 38.l 1,388,300 38.l 473,900 456,700 

38 Columbia 6/27 6/28 37.8 1,418,300 35.2 499,200 479,100 

39 Columbia 6/29 6/30 56.9 1,766,100 39.0 688,800 679,100 



Production: shad culture and stocking Data 

A 72.8 percent fry survival resulted in the production of 

13.6 million juvenile American shad (Table 3-3). A record 12 

million shad were released into the Juniata River toward the 

realization of production goals (Table 3-4) and 847,000 fry 

were utilized in studies conducted at the facility and for 

stocking ponds. Additionally, in cooperation with other 

Sections and Agencies, Van Dyke provided over 700,000 fry and 

4,300 fingerlings for various research programs. 

Forty-two stockings in 1984 resulted in the release of 

12,026,160 juvenile American shad; 11,995,690 fry 7 to 59 days 

of age and 30,500 fingerlings Cl inch or greater in length). 

Shad stocked were exposed to the chemical attractant phenethyl 

alcohol, which was administered 12 hours each day during the 

period the fish were cultured in tanks. The fish were stocked 

in good condition at the Pennsylvania Fish Commission's 

Thompsontown Access Area. 

The majority of fingerlings stocked in 1984 were reared in 

the canal-pond at the Thompsontown Access Area. The pond 

failed to produce fingerlings from the first fry planting but 

was successfully restocked. The second crop resulted in the 

release of an estimated 25,000 fingerlings directly into 

Delaware Creek at the confluence with the Juniata River. The 

Van Dyke Station Cincluding _tanks and ponds) produced an 

additional 9,875 fingerlings. 
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Table 3-3. Production and utilization of juvenile American 
shad at the van Dyke Research Station in 1984. 

Fry released into the Juniata River 

released into ponds at Van Dyke 
and ancillary facilities 

provided to Benner Spring Research Station 

provided to Delmarva Ecological Laboratory 

(18 days of age) retained for studies 
at the Van Dyke Facility 

Total Production 
Total Number of Viable Eggs 
Survival ( % ) Call fry) 
Survival (%) (of all fry greater than 18 
days of age from the Pamunkey, James and 
Columbia Rivers) 

Fingerlings released into the Juniata River: 

from the van Dyke Facility 

from ancillary facilities (canal-pond) 

fingerlings provided to Radiation Management Corp. 

provided to Wellsboro National Fishery 
Research and Development Laboratory 

Total production 
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11,995,690 

416,900 

601,700 

100,000 

430,140 

13,544,430 
18,593,600 

72.8 
63.3 

5,500 

25,000 

4,000 

375 

34,875 



T,able 3 .4 Summary of stocking activities from the Van Dyke 
Hatchery in 1984. 

Date Number River of Origin Age (days} Size 

4/30* 142,000 Pamunkey 11 Fry 
209,100 Pamunkey 8 Fry 

5/3* 230,200 Pamunkey 10 Fry 
202,700 Pamunkey 11 Fry 

5/4 230,500 Pamunkey 11 Fry 

5/5 223,200 Pamunkey 11 Fry 

5/6 133,200 Pamunkey 12 Fry 

5/7 200,300 Pamunkey 13 Fry 

5/9 200,300 Pamunkey 15 Fry 

5/13 165,400 Pamunkey 19 Fry 

5/14 122,600 Pamunkey 18 Fry 

5/15* 331,790 Pamunkey 18 Fry 

5/17* 695,300 Pamunkey 18 Fry 

5/20* 602,500 Pamunkey 19 Fry 
174,100 James 19 Fry 

5/21* 55,100 Pamunkey 19 Fry 
30,900 James 19 Fry 

5/23* 115,650 Pamunkey 18 Fry 
115,450 James 18 Fry 

5/24 125,800 Pamunkey 18 Fry 

5/25 193,300 Pamunkey 18 Fry 

5/29* 109,100 Parnunkey 18 Fry 
189,000 James 19 Fry 

6/25 38,100 Delaware 11 Fry 

(Table Continued} 
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Table 3.4 {Continued). Summary of stocking activities from 
the Van Dyke Hatchery in 1984. 

Date Number River of Origin Age (days) Size 

6/26* 946,200 Columbia 8 Fry 

6/27* 470,400 Columbia 7 Fry 

6/28* 294,900 Columbia 8 Fry 
489,900 Columbia 7 Fry 

6/30 286,900 Columbia 9 Fry 

7/1* 594,700 Columbia 9 Fry 

7/2* 363,800 Columbia 9 Fry 

7/3* 248,800 Columbia 10 Fry 
328,600 Columbia 8 Fry 

7/5* 726,800 Columbia 9 Fry 

7/13* 93,700 Columbia 18 Fry 

7/15* 489,400 Columbia 18 Fry 

7/16 67,700 Columbia 18 Fry 

7/17 71,600 Columbia 18 Fry 

7/18 56,500 Columbia 18 Fry 

7/19* 290,100 Columbia 18 Fry 

7/20 141,300 Columbia 19 Fry 

7/21 112,800 Columbia 18 Fry 

(Table Continued) 
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Table 3.4 (Continued). Summary of stocking activities from the 
Van Dyke Hatchery in 1984. 

Date Number River of Origin Age (days) Size 

7/22* 305,700 Columbia 18 Fry 

7/23* 304,700 Columbia 18 Fry 

7/31* 65,300 Columbia 22 Fry 
145,800 Columbia 27 Fry 

64,500 Columbia 30 Fry 

8/22 50,000 Columbia 45 Fry 

8/24 50,000 Columbia 47 Fry 

8/28* 50,000 Columbia 59 Fry 
50,000 Columbia 56 Fry 

9/18 4,500 Col urnbia 77-87 
Fingerling (1 n) 

9/20** 25,000 Columbia 112 
Fingerling ( 2 n) 

10/4 1,000 Pamunkey 151 
Fingerling (1") 

*More than one tank stocked. 

**Fingerlings from the canal-pond. 

3-12 



The 1984 hatchery program was quite successful with a 

record 72.8 percent fry survival. The survival of fry from 

Virginia River sources was the highest yet obtained at the 

facility with 78 percent of the viable eggs resulting in 

stocked fish. Survival for fry to 18 days of age was 75 

percent. The Columbia River had an overall fry survival of 70 

percent, with 57.4 percent survival of all fry ( including test 

fish) to 18 days of age. Fry used strictly for production had 

a slightly lower survival of 53.1 percent (Figure 3-1). There 

were instances of low fry survival in some of the early 

Columbia River shipments; however, the exact cause, whether 

water quality (Van Dyke's spring source had a pH of 5.7 in 

July) or some other problem, was not determined. 

The record high survival of fry appears to be the result 

of several things: constant regulation of the water supply 

appeared to reduce, but not eliminate, the mortality due to 

gas supersaturation; significant changes were made in the 

feeding regime (including scheme and rate) as a result of 

studies conducted in 1983. 

Early in the spring when the change in water temperatures 

is greatest, it appears that flows of approximately 35 gallons 

per minute and above exceed the ability of the degassing 

devices to reduce total dissolved gases. Close regulation of 

the water supply was maintained; however, at the high 

production levels experienced in 1984 this is an extremely 

difficult task. In order to maintain survival rates similar 

to those in 1984, gas supersaturation must be controlled. 
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Figure 3-1. Percent survival to 18 days of age for hatchery 
reared American shad from Virginia Rivers (James and Pam1llnkey) 
and the Columbia River, Oregon. 
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First-feeding larval shad demonstrated diel variations in 

feeding intensity (Wiggins et al. 1985) and consequently, the 

introduction of food should coincide with the appetite 

peak - i.e., with the period when fish have the greatest 

stimulation to feed (Corazza and Nickum, 1983). The highest 

level of feeding intensity occurred during the evening hours 

(1800-2100 hours ) and the lowest level at night. As a result 

the feeding scheme was adjusted to reflect this pattern and 

feed was presented for 8 to 14 hours each day while feeding at 

night was discontinued. This allowed the Artemia nauplii to 

be presented at a higher density, during a period when feed 

would be more likely utilized. 

Studies also indicated that there was a difficult period 

of transition from endogenous to exogenous nutrition. The 

early larvae were not as efficient at feeding, and there was 

selection for smaller Artemia nauplii, possibly because the 

larger Artemia nauplii could not be utilized. From 9 to 14 

days of age, there was a high age specific mortality rate 

which parralleled periods when growth and feeding intensity 

did not increase. It was assumed the fish were starving and 

the high mortality could be reduced by increasing the quantity 

of feed. The feeding rate was changed from an average of 12 

to 18 Artemia nauplii per fish per day. It appears that the 

change in feeding scheme and rate resulted in the record 

survival attained in 1984. 

The early release of fry became a problem in 1984 when 6.6 

million or 55 percent of the fry were released at less than 18 

days of age. The facility has 24 rearing units which, in the 

past, have often been under-utilized. Now, with the recent 
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expansion of the egg collection effort and the short duration 

of spawning activity on each river i;ystem, the hatchery 

receives large numbers of eggs over a relatively short time 

f rarne. This results in large numbe1rs of hatching fry, rapidly 

utilizing the existing rearing units, and a cycle emerges where 

fry, less than 18 days of age, must be released in order to 

provide a sufficient number of rearing units to accommodate the 

continued daily hatch of fry. 

Nineteen egg shipments from Virqinia River sources were 

received during a 21 day period (Apiril 12 to May 3) and 

required 31 tanks for hatching fry i(mean fish density of 

198,000 fry per tank or 165 fry peir liter). This necessitated 

the early release of 8 tanks of fish, 8 to 13 days of age. As 

a result 37 percent or, 1.8 million fry, were released early 

from Virginia sources in 1984. The annual problem is magnified 

when looking at the large numbers of eggs collected from the 

Columbia River. Fifteen shipments of eggs in 19 days utilized 

41 rearing units (mean fish density of 266,000 fry per tank or 

220 fry per liter) at hatch. As a result 18 tanks of fry (4.8 

million) , 66 percent of the Columbia River's production, were 

released at less than 18 days of age (7 to 10 days of age). 
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Facility Improvements 

Research conducted during 1983 demonstrated the need to 

rear significantly larger quantities of Artemia. To meet this 

demand, two 50 gallon (200 liter) units were set up and 

tested. The units proved successful in hatching large 

quantities of brine shrimp and were also less time consuming 

to set up and operate. In addition, 10 vibrator type feeders 

(model AFG, SWeeney Enterprises, Inc.) were purchased for the 

specific purpose of dispensing finely ground and/or oily 

larval diets. The feeders worked quite well and the purchase 

of additional feeders is anticipated. 

A new, electric, submersible pump was installed at the 

canal-pond at the Thompsontown Access Area following several 

acts of vandalism. The new pump provides an estimated 40 

gallons per minute and is easily maintained. 

summary 

The van Dyke Research Station continued to rear and 

release American shad as a part of the diadromous fish 

restoration effort on the Susquehanna River drainage. The 

station received 41.1 million eggs, the largest number of eggs 

incubated at the facility; however, egg viability (45.2 

percent) was less than the viability for 1983 (55.6 percent). 

Fry survival was a record 73 percent, which resulted in the 

rearing of 13.6 million fry and the release of 12 million 

juvenile American shad into the Juniata River. Research 
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demonstrated more effective feeding regimes (Job V) and 

verified the ability to intensively culture shad and attain 

high survival rates. All fish were exposed to a chemical 

imprinting agent, phenethyl alcohol, to be used as an 

attractant at the Conowingo Darn fish collection facility. 

Including fish released in 1984, a total of 31.4 million 

juvenile American shad have been released into the Susquehanna 

drainage since 1976 (Table 3-5). 
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TABLE 3-5. Annual Sunmary of Van Dyke Production from 1976-1984. 

1976 1977 1978 1979 -- 198') 1981 1982 1983 1984 

Volume of Eggs Received (liters) 120.3 145.8 381.2 164.8 347 .6 286.f) 624.3 938.6 1,157.3 
Number of Eggs Received (millions) 4.0 6.4 14.5 • 6.4 12.6 11.6 25.9 34. 5 41. 1 

Egg Viability (percent hatch) 52.0 46.7 44.0 41.4 65.6 44.9 35.7 55.6 45.2 
Number of Viable Eggs (millions) 2.1 2.9 6.4 2.6 8.2 5.2 9.2 19.2 18.6 

Shad Stocked 

Fry ( up to l" ) 518,000 968,901 2,124, f)l)IJ 629,51)1) 3,526 ,275 2,029,65() 5,018,80() 4,047,61() 11,995,69() Fingerling (l" and larger) 266,IJOIJ 34,509 6,379 34,()87 5,')50 231620 4() . ]()() 98,30') 3(),5()() 
TOTAL 784,250 1, 003.410 2,130,379 663,587 3,531,325 2,()53,27() 5 .')59, 51)() 4,145,glo 12.()21i.1Q') w 

I .... 
\0 

Percent of Eggs Received which 19.4 15.9 14.0 10.4 
were eventually stoclced 

28.3 17 .7 19. Ii 12.0 29.3 

Percent of Viable Eggs which 37.3 34.2 33.0 25.1 
were eventually stocked 

43. l 39.3 54.8 21.6 72.8* 

Total Shad Stocked from 1976 to 1984 - 31 , 397,500 

*Eggs and fish that were not used for stocking purposes were not included. 



~;ommendations for 1985 

1. Culture of 10 million 18-day old American shad 

followed by direct planting into the Juniata River as 

river conditions become suitable. To attain this 

goal, 30 million viable eggs should be provided. The 

van Dyke Station can handle 8 million eggs per week. 

2. Culture of 100,000 fingerlings (1 inch or larger) 

using the canal-pond at Thompsontown Access Area and 

the Benner Spring Complex. 

3. To facilitate high larval production such as that of 

1984 and to reduce the recurrence of the high larval 

mortality experienced in 1983, the following facility 

improvements are necessary : 

a) Vacuum degasser which can reduce total dissolved 

gases to 100 percent for a flow of 80 gal/min. The 

present degassing system can only reduce total 

dissolved gases below 102 percent at a flow of 

approximately 35 gal/min when heating water 

(generally April and May). To maintain the entire 

facility early in the season, a minimum flow of 50 

gal/min should be available at 100 percent 

saturation. 

b) Supplemental water supply of 30 to 40 gal/min 

filtered river water (2 swimming pool sand filters 

are available) pumped to the warming pond and/or 

building. The quantity of water available is 

adequate for the present facility, but offers no 

flexability for increased number of rearing tanks. 

Moreover, the water quality is suspect, and 
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supplemental flow with higher pH and alkalinity 

would be advantageous. Another additional benefit 

might be realized, viz., the river water may 

provide for a warmer water supply and result in 

cost savings to our heating bill (we heat water 

during the springtime). 

c) Ultraviolet light treatment unit that can handle 80 

gal/min with easy maintenance (removable cover for 

cleaning). The present units restrict total 

hatchery flow to 50 gal/min and require a great 

deal of maintenance. The production effort during 

the receipt of Columbia River eggs requires more 

water and therefore the use of ultraviolet 

treatment is necessarily discontinued. A new unit 

should be designed to handle the higher flow and 

require less time to maintain. 

d) Installation of 18 tanks and appropriate shelter, 

wiring, plumbing and platform. The early release 

of fry was a major problem in 1984 when more than 

half (55 percent) of the fry had to be released at 

less than 18 days of age because of inadequate tank 

space. The existing Van Dyke building could 

a~commodate six additional tanks which would 

reduce, but not eliminate the problem. 
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e) Brine shrimp incubation room with heat, water and 

electric (possibly an extension to the furnace 

room). In 1984, it was possible to meet the demand 

for feed only through the use of two experimental 

units, each with a 200 liter (50 gallon) capacity. 

A more permanent situation is needed. 

f) Twenty larval feeders. Studies in 1984 showed a 

definite increase in survival (85 percent survival 

for test units) when the feeding regime was 

supplemented with a dry, larval diet. The dry, 

larval feed should be presented at a production 

level. 

4. Continue testing procedures for the administration of 

oxytetracycline to mark fish; attempt to mark all 

production fish; determine the extent of tagged fish 

in samples collected during the evaluation of American 

shad stockings. Tagged hatchery stocks would permit 

an evaluation of the contribution of hatchery shad to 

the out-migration on the lower Susquehanna River and 

possibly the eventual return of adults. 

5. Continue research into larval and fingerling culture 

techniques. Research in culture techniques, larval 

development, feeding techniques and feeding regime 

have resulted in the continual increase in larval 

survival to a high of 73 percent in 1984. In 

addition, research in 1984 indicated that an increase 
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in survival of 10 to 15 percent could be achieved 

through the addition of a dry, larval diet. 

6. A piped or pumped water supply to the effluent head of 

the canal-pond. A "warm" water (river) supply is 

generally needed during stocking of the canal-pond. 

use of river water from the discharge at the influent 

end of the pond results in muddy water and the 

upstream movement of fish back into the pond. 

Therefore, a new line and discharge pipe are required 

at the effluent end. 

7. Continue imprinting efforts at van Dyke using 

phenethyl alcohol, and coordinate the dispensing of 

this chemical attractant at the Conowingo fish 

collection facility (provide pump, chemical, 

expertise). 
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JOB IV. JUVENILE SHAD OUTMIGRATION ASSESSMENT 

Richard St . Pierre 
U.S. Fish and Wildlife Service 

Harrisburg, PA 
and 

Joseph Nack 

Leroy Young 
PA Fish Corrmission 

Bellefonte, PA 

National Environmental Serv. 
Lancaster, PA 

INTRODUCTION 

In prior years, juvenile shad assessment was largely qualitative and 

involved determining if shad were present at various locations during 

the outmigration season. In 1984, the SRAFRC work plan required that 

the assessment be designed to provide an index of abundance of young 

shad for future year comparisons. Leroy Young of the PFC reviewed 

past experience on the Susquehanna and evaluation programs on other 

northeast shad rivers in preparation of the study plan which was approved 

by the Technical Corrvnittee. The study was broken into several river 

segments with the following stated objectives: 

- Confirm natural reproduction of transplanted adult shad 

- Develop relative abundance index for the mainstem Susquehanna 

above Clarks Ferry 

CEvelnp relative abundance index for the hatchery produced stock 

Q)mponent in the Juniata River 

- Track downstream movement of juvenile shad through hydroprojects 

- Determine relative abundance of shad from dam to dam in lower river 

Experiment with means to enhance downstream survival of shad 

Information being sought in this evaluation is essential for monitoring 

success of the restoration effort. In past years juveniles were 
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collected at numerous locations from Conowingo Pool to Tunkhannock, PA. 

Yet very few shad have been taken below Conowingo Dam. To improve 

th,e lower river assessment the Maryland DNR increased netting activity 

below Conowingo in 1984 and was partially supported by SRAFRC funds. 

EVALUATION OF SPAWNING SUCCESS OF ADULT SHAD AND UPSTREAM INDEX 

NES and PFC biologists worked together in this netting activity in the 

mainstern Susquehanna above Clarks Ferry. Penn State Coop Unit personnel 

al ·so assisted on one sampling day. Biologists from Ichthyological 

Associates in Berwick examined intake screens at Susquehanna SES (PP&L) 

and plant staff from UGI monitored the screens at Hunlock Creek SES for 

im1Pinged shad. 

The juvenile assessment plan called for sampling the Falls to Wilkes­

Bairre area up to 4 times between mid-August and mid-September in an effort 

to document reproduction of shad. Reconnaissance sampling in the river 

reach from Sunbury to Mi 11 ersburg was scheduled for mid-August, fo 11 owed 

by weekly sampling at two or more select sites until fish left the area. 

Th·is area was to be used for development of the relative abundance index. 

Sampling Schedule and Methods 

Th,~ principal gear used for sampling the river above Clarks Ferry was a 

haul seine measuring 300-ft. x 8-ft . with ~-in. mesh. A smaller net 

measuring 150-ft. x 6-ft. was employed at select sites as needed. PSU 

pe1rsonnel attempted electroshocking for shad at two North Branch locations. 
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Sampl ing in the Falls to Wilkes-Barre area began on August 22 and continued 

biweekly through September 19. Seine sites were those which had produced 

shad in prior years. At Falls, three sites upstream from the PFC West 

Falls Access Area were netted during late afternoon hours on 2 occasions . 

Two sites at Caxton Yards were sampled during late afternoon and evening 

on 3 dates. Sampling was conducted at 9 different sites at Wilkes-Barre 

during morning hours on 3 dates. El ectrofishing was attempted at Falls 

and Caxton Yards on September 4. 

An initial attempt at reconnaissance sampling below Sunbury on August 16 

was abandoned due to very high river flows. Relative abundance sampling 

was shifted to above Sunbury to increase gear effectiveness in the 

narrower stretch of river . Seining was conducted at Danville on August 

28-29 and September 11 and 25; Bloomsburg on August 29; and. Berwick on 

September 11. Further attempts to collect shad downstream from the 

confluence of the West Branch occurred on September 10 and 25. Twenty­

five sites were sampled with seines between the PFC Mahantango Access 

and Berwick on 5 netting days. Both day and night sampling was conducted. 

Intake screens at Susquehanna SES were surveyed daily between September 4 

and October 12, and those at Hunlock were checked daily from August 24 

to October 12. Routine pla~t maintenance at both projects conflicted with 

the survey during the sampling period. 

Results of North Branch and Mainstem Sampling 

Between August 16 and September 25, 75 seine hauls were made at 39 

separate sites over a 95 mil e stretch of river (Table 4.1, Figure 4.1). 
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No American shad were collected with nets, electrofishina gear or on 

power plant intake screens. Numerous other species were col l ected at 

all sites including smallmouth and rock bass, bluegilla11'i)(!J redbreast 

sunfish, crappie, perch, walleye, musky, pickeral, carp, shiners ., 

quillback, white suckers, catfish and gizzard shad. With no American 

shad in collections, day versus night sampling effectiveness could not 

be analyzed. 

In reconnaissance efforts below Berwick most areas were uniformly shallow 

and very rocky, and therefore extremely difficult or impossible to 

seine effectively. However, at least 2 sites appeared to be suitable 

for future index sampling. These were located downstream of Danville 

Boat Club and below Sunbury. In addition, 2 sites at Caxton Yards 

and 1 or 2 sites at Wilkes-Barre should also be useful as future index 

sites. 

River flows during the suJTJTier of 1984 were considerably higher than 

normal. This could have adversely affected larval survival or pre­

maturely pushed juveniles downstream below the sampling areas. Similar 

conditions in 1982 were suggested as the reason for failing to take 

any juvenile shad in the North Branch that year. 

EVALUATION OF HATCHERY STOCKED SHAD IN THE JUNIATA RIVER 

As in the mai nstem, this was a cooperative effort between NES andl PFC . 

On occasion, personnel from the PSU Coop Fish and Wildlife Research Unit 

and USFWS assisted. Past year efforts in the Juniata indicated that 
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a single site at Amity Hall near the river mouth was best suited to 

collection of shad during late summer. The Job IV study plan called 

for biweekly seine sampling at this site from mid-August until shad 

were no longer available for capture. The goal in 1984 was to establish 

a baseline index of abundance. As noted in Job III, a record 12 million 

shad fry were stocked in the Juniata River in 1984. 

Sampling Schedule and Methods 

Gear used on the lower Juniata was a beach seine measuring 150-ft. x 

6-ft. with ~-in. mesh bag. To standardize effort, only one site was 

sampled, beginning 30 minutes after sunrise with successive hauls at 

30 minute intervals. Three to 5 hauls were made each sample day begin­

ning August 17 and continuing through November 7. 

Subsamples of 20 shad from each haul were measured for total and fork 

length and were examined for physical deformities. Any remaining fish 

were counted and either released alive below the seine site or preserved 

for experimental purposes. The Penn State Coop Unit and Maryland DNR 

both requested shad samples for studies. 

Results of Juniata Sampling 

SRAFRC biologists collected almost 1,300 shad on 6 sample days between 

August 17 and October 23. Shad were taken in every seine haul during 

this period. A final collection was made on November 7, but with water 

temperature declining by 17.F during the previous 2 weeks, no shad were 

taken and the effort was terminated (Table 4.2). Penn State personnel 
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collected an addit·ional 250 shad at Amity Hall on October 22 for use 

in meristic count studies. 

Many shad were ava"ilable for capture during this survey particularl y 

between mid-September and mid-October. Individual hauls of over 100 

shad were made on all 3 sample dates during this period. Many hauls 

were comprised excllusively of American shad. Other fish in collections 

at Amity Hall included rock bass and smallmouth bass, several sunfish 

species, carp and shiners, crappie, suckers and gizzard shad. Three 

deformed American shad were recorded, one each with a short gi ll cover , 

deformed lower jaw:, and crooked back. Shad ranged in length from 

25ll111 to 133mm (FL) .. 

Figure 4.2 shows daily river flow on the Juniata River as measured at 

the USGS gauge at Newport and catch per unit effort of shad at Amity 

Hal l. Largest collections were made when river flows were relatively 

low (<1,300 cfs) and water temperatures high (57-72.F). 

EVALUATION OF DOWNSTREAM MIGRATION THROUGH HYDROELECTRIC PROJECTS 

This phase of the assessment program is important to determine if shad 

from upstream sources are successfully passing through hydroelectric 

projects on their 1way to the Chesapeake Bay. Hatchery and naturally 

produced shad cannot be differentiated and fish collected in the lower 

Susquehanna are attributed to both sources. 

NES and PFC worked together to sample forebays at York Haven, Safe Harbor 

and Holtwood dams during September - November using several nets. 
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Ecological Analysts, Inc. sampled the river near Three Mile Island 

using seines and electrofishing gear; RMC surveyed the intake screens 

at Peach Bottom Atomic Power Station and the Conowingo Dam strainers ; 

and Safe Harbor personnel sampled the cooling water strainers at 

that project. Maryland DNR biologists further intensified their efforts 

to collect shad below Conowingo and drew funding assistance from the 

agreement with upstream licensees. 

Sampling Schedule and Methods in the Lower Susquehanna 

Three Mile Island 

EA biologists sampled for shad in the vicinity of TMI as part of their 

routine studies for the nuclear plant. Efforts included electrofishing 

at 6 sites on September 4, 20, and 27, October 11 and November 8. Beach 

seines were used at 6 stations (10 hauls/station) on September 12 and 

26, October 11, and November 8. 

York Haven 

NES and PFC sampled here on August 22 with cast nets in response to 

reports that shad were dimpling in the vicinity. Weekly assessment 

began on September 26 and continued through November 14. Various areas 

in front of trash racks were sampled with 20-ft. diameter cast nets 

fished off the deck of a boat during early morning hours. 

Efforts were standardized by starting collections at approximately 

~-hour before sunrise and by establishing fixed intervals between casts 

of the net with the gear being allowed to descend the full length of 
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the hand rope . An experimental lift net measuring 8-ft x 8- ft with 

~-in. mesh was fished from a portable boom off the forebay walkway 

on 5 different days (October 10 - November 8). Various sites were 

tried and length of set ranged from 5-30 minutes. 

Safe Harbor 

Net sampling began here on October 5 and continued weekly through 

November 28. Cast nets were the primary gear and they were fished in 

the trash gatewell inside the forebay and on both side of the forebay 

skinmer wall within 100-ft. of the dam. The lift net was used experi­

mentally on 2 occasions in the same locations . An experimental push 

net measuring 30-ft long by 14-ft wide with ~-in mesh was deployed 

on one occasion inside the trash gatewell. Sampling began in early 

morning hours on most days since this practice proved effective in 

past years. However, some sampling was attempted in mid-morni ng and 

on one occasion, during evening hours. 

RMC sampled outside the skimmer wall with a 200-ft x 35-ft x 3/4- in mesh 

seine on November 15. Sets were made in late afternoon and at night in 

an attempt to collect live shad for radiotelemetry experiments. Safe 

Harbor personnel checked cooling water intake strai ners daily from 

August 28 through December 12. 

Holtwood 

Sampling here began on October 11 and continued weekly through November 

28. Cast nets were the primary gear used and they were fished from a 

platform in the forebay. The lift net was used on 2 occasions and the 
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push net once. All sampling was conducted here during mid- to l ate 

morning, depending on when collections were concluded at Safe Harbor. 

On 2 occasions RMC personnel set floating trap nets in the forebay at 

Holtwood to collect live shad for experimental work. 

Peach Bottom and Conowingo 

As in past years, RMC sampled the cooling water intake screens at PBAPS 

three days each week from October 15 through December 14. They also 

routinely examined strainers at Conowingo Dam during autumn through 

mid-December. No netting trials were made at Conowingo in 1984. 

Lower River and Flats 

Maryland DNR continued their regular upper Bay tidal fish juvenile 

sampling program during July - October. Starting the first week in 

November, DNR initiated efforts in the lower river and Susquehanna Flats 

to catch outmigrant American shad. This survey occurred weekly through 

the second week of December and involved multiple gears at 14 stations. 

Purpose of this work is to document outmigration of juvenile shad from 

the ri ver and to establish a baseline index of abundance. 

Gear used by the DNR in 1984 included a 16-ft otter trawl with \-in 

mesh cod; a 5-ft x 5-ft midwater trawl with ~-in mesh; and a haul seine 

measuring 200-ft x 10-ft with \ -in mesh. Gill nets as used in previous 

years were not deployed. Single samples were taken at each site weekly 

using the gear most applicable. Collecting locations and gears are 

shown in Figure 4.3. 
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Results of Lower River and Hydro Forebay Collections 

TMI and York Haven 

Ecological Analysts collected 2 American shad near TMI using electro­

fishing gear. Surface dimpling usually indicative of the presence of 

shad was noted in this area between October 17 and November 14. 

Reports were received in late July that shad were seen at Wrightsville 

(Route 30 bridge). Ten cast net throws on August 22 at York Haven project 

failed to verify early outmigration, but RMC biologists did collect 

2 Sihad at Wrightsville on August 1 (78-83mm). The York Haven forebay 

was, sampled unsuccessfully on three more occasions before shad were first 

tak:en there on October 17 . From that date through November 14, a total 

of 76 American shad were collected on five dates. The lift net caught 

only 2 shad in 15 sets and it was not possible to fish this gear in 

front of trash racks where shad were most abundant. The push net was 

ine:ffective. Shad collected at York Haven ranged in size from 85 - 165mm 

andl average fork length increased progressively each sampling date (Table 4.3). 

Safe Harbor 

Only 24 shad were collected by PFC/NES at Safe Harbor on 9 sampling dates 

between October 5 and November 28. In 1983, 283 shad were taken in 8 trips. 

All 24 fish were taken with cast nets in early November (Table 4.4), and 

fish ranged in length from 92mm to 173mm. By contrast, shad collections 

on strainers at Safe Harbor were considerably greater than past years 

with 112 fish being taken between September 22 and November 28. These fish 

ranged in length from 88-178rnm with the majority of fish being large . 
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Units 2 and 3 accounted for most of the shad at Safe Harbor, and just 

as in 1983, most fish were collected between November 10-18 at water 

temperatures of 42- 51°F (Table 4.5). 

RMC took 48 shad at Safe Harbor with their 200-ft seine on November 15 

during late afternoon and late night hours. Dimpling was first noticed 

at this project on November 1 with none observed after November 9. River 

flows were lower than normal during October and November (Figure 4.4). 

Holtwood 

A total of 203 American shad were collected at Holtwood forebay on 5 

sampling occasions between October 11 and November 28. All but 31 of the 

fish were taken with cast nets and 92% of the total were collected on 

one day - November 15 (Table 4.6). Shad ranged in size from 80-170mm (FL). 

RMC captured 3 shad with their floating trap net on November 21 and 2 shad 

on November 28. Very few gizzard shad were observed compared to prior 

years, indicating a poor hatch for the species in the lower river. Other 

species taken in net col lections at Holtwood included channel catfish, 

striper hybrids,. and shiners . 

Peach Bottom, Conowingo Dam and Lower River 

No shad were collected at PBAPS between October 15 and November 12. From 

November 14th to the 26th, 38 shad ranging in l enqth from 111 to 175trn'11 

were taken from the screen wash samples and none were taken after that 

period. This is very similar to the 1983 collection at Peach Bottom 
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when 22 of 31 shad were taken during the same dates. Three shad were collected 

from the Conowingo Dam strainers duri ng the week of December 5, the only American 

shad collected here in 1984. 

In the lower river and Susquehanna Flats, the Maryland DNR made a total of 25 

seine pulls, 12 otter trawl runs. and 39 midwater trawl runs during the 5 weeks 

of effort (Tables 4.7 and 4.8). This sampling accounted for 2,670 fish repre­

senting 28 species. Gizzard shad (1077), spottail shiner (699), bay anchovy 

(350), silvery minnow (129). yellow perch (107), and white perch (96) made up 

92% of the total catch. A single juvenile American shad (FL=150rrvn) was captured 

at the Happy Valley Branch seine site on November 28 . 

IHSCUSSION 

Since no shad were col lected in the North Branch or mainstem Susquehanna 

above Clarks Ferry in 1984, the objectives of confinning natural repro­

duction and developing a baseline abundance index were not met. A similar 

situation occurred in 1982 when young shad were not captured following 

stocking of 3,463 adults at Owego, NY and Tunkhannock, PA. River flows 

were unusually high during May through August in the Susquehanna and it 

is possible that reproduction occurred but that progeny were pushed down­

stream earlier than nonnal. High flows and cooler water temperature in 

late spring may have resulted in excessive egg and larval mortality. 

Abiotic factors have been cited as the major cause of prerecruit mortality 

of American shad in the Connecticut River (Crecco and Savoy, 1984). Finally, 

the lack of shad 1n collections may reflect minimal reproduction due to 

excessive female mortality during transportation , or the paucity of 

f emales transferred. Table 1.4 showed that females comprised only 26% 

of observed mortalities. If this reflects their relative abundance in 

Hudson River collections. and with 20· overall trucking mortality, then 

l ess than I.000 of the .. otal adul .. s transfe•-red in 1984 would be survivinq 

females ff female mortality rate is hi9her than that of males as indicated 
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in past analysis with Connecticut River fish, then total reproduction 

from survivors may have been too small to document with the level of effort 

expended. 

Personnel in charge of field operations in the upper river believe that 

the 300-ft seine is an effective collecting gear and they have identified 

four sites for future index sampling. These are located at Caxton Yards, 

Wilkes-Barre, Danville, and Sunbury. Efforts will be concentrated at 

these sites in future years. 

As in past years the Amity Hall site on the lower Juniata River was pro­

ductive in co1iecting outmigrant fingeriings of hatchery origin. With 

1,295 shad collected here on 6 sample dates in 1984, we may have sufficient 

data to make comparisons in future years. However, high variability in 

numbers of shad collected between hauls on the same day may pose problems 

in statistical interpretation. More frequent sampling at this site may 

be desirable. 

In the lower river forebays, the cast net proved far superior to experi­

mental lift and push nets. This was especially evident at Holtwood where 

the largest numbers of shad were collected. A good comparison could be 

made here between the cast net and lift net because shad were present in 

large numbers and both nets could be fished in the same location. On 

November 15, 157 shad were collected in three samples with the cast net, 

while just 31 shad were taken on the same day in six samples with the lift 

net. The push net proved too unwielding at all three sites and was virtu­

ally impossible to use with even minimal current. 
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One way to standardize the cast net sampling would be to restrict the 

index to only those samples in which the cast net had opened to at least 

70% of its maximum diameter. This determination would be somewhat sub­

jective, but variability between samples would probably be about the 

same as with other active sampling devices such as seines and trawls. 

Other major hindrances to development of abundance indices at lower 

river hydroprojects include variations in flow conditions and subsequent 

operating regimes at each power facility, and perhaps weather conditions. 

At York Haven for example, the number of turbines generating and their 

location had a profound effect on the location of shad in the forebay. 

Abundance of shad would be similarly affected as greater flow through 

the turbines would result in fewer fish available as compared to minimum 

flow tonditions. Spilling at the trash gate would also affect the number 

of fish available, further biasing estimates of abundance. 

Weather conditions may also affect sampling efficiency, especially at 

Safe Harbor Dam. Shad were taken there on only 2 sampling dates in 1984 

using cast nets, but many more shad were collected in the project cooling 

water strainers. On several days when no shad were taken with nets. 

strainer catch was at a peak. On these days high wind and turbulence on 

both sides of the skimmer wall was noted. It is not known if these condi­

tions served to drive the fish deeper out of the reach of the cast net, 

but this is a possibility. These sources of variability should be 

addressed in planning future year sampling activities. 

Early morning sampling seems a necessity at York Haven Dam. Catch success 

decreases here as more generation comes on line. Time of day does not 
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appear to be critical in sampling at Safe Harbor or Holtwood. Fish were 

easily collected in 1983 during mid-morning at Safe Harbor. On the one 

day this year when appreciable numbers were taken, the early morning 

(predawn) sampling did not show any clear superiority to samples taken 

later that morning . Collecting shad at Holtwood has always been success­

ful regardless of the time of day. 

Although the lift net was not a good device for index sampling it did 

show some merit for the live capture of outmigrant juvenile shad, part­

icularly at Holtwood. Almost no abrasion of fish on the net was observed 

and fish could be water-brailed to further reduce stress. This method 

should be considered for use where live shad are needed for experimental 

purposes. 

The 415 shad collected with nets and on strainers at York Haven, Safe 

Harbor and Holtwood in 1984 is considerably fewer than were taken in 

1983 (701). This may be partially explained by unusual weather conditions 

resulting in very mild water temperatures through October followed by 

rapid decreases into mid-November. Water temperature fell from 64°F on 

November 2 to 38.F on the 25th. It is likely that the entire lower 

river migration occurred over a very short period of time and the weekly 

sampling schedule was insufficient to adequately quantify the movement. 

Researchers working on the lower river in 1984 were impressed with the 

size of American shad in collections. In past years shad ranged in length 

from 90-150mm and averaged about 125rrm in late October and early November. 
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This year, numerous fish were measured in the 150-180mm size range and 

the mean length of shad in Safe Harbor strainer collections was 142rrun 

(n=lll). This average increase in size noted may be directly related to 

the poor gizzard shad year class and associated lack of competition for 

food from this species. 

As in past years, collections of juvenile shad below Holtwood were 

disappointing. The 38 shad taken on the intake screens at Peach Bottom 

compare favorably to 1983 results but remain considerably below what 

was taken there in 1982. However, one of the two Peach Bottom reactors 

was shut down during this yea~s migration season. With a total of only 

4 shad taken at Conowingo Dam and in the lower river below Conowingo in 

1984, we must once again speculate that few shad are reaching the 

Chesapeake on thei r seaward migration. The major emphasis in the 

Susquehanna program during the next several years should be to increase 

survival of young shad emigrating from the river . 
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Table 4.1 Juvenile American shad collections in the mainstem 
Susquehanna River above Clarks Ferry, August 22 - Sept. 25. 

Date Location II Am. shad Effort* Time of Day 

8/22 Coxton/Pittston 0 4 hauls 1900-2045 
Falls 0 1 haul 1600 

8/23 Wilkes-Barre 0 5 hauls 0800-1220 

8/28 Danville 0 6 hauls 1400-1730 

8/29 Danville 0 5 hauls 0845-1200 
Bloomsburg 0 2 hauls 1410-1600 

9/4 Falis 0 3 hauls 1600-1700 
1 hr. electrofish 

Coxton Yards 0 4 hauls 1900-2030 
1 hr . electrofish 

9/5 Wilkes-Barre 0 6 hauls 0800-1100 

9/10 Mahan tango 0 4 hauls 1130-1330 
Sunbury 0 5 hauls 1545-1800 

9/11 Danville 0 2 hauls 0745-0820 
Berwick 0 2 hauls 1145-1300 

9/18 Coxton Yards 0 8 hauls 1720-2045 

9/19 Wilkes-Barre 0 6 hauls 0830-1045 

9/25 Sunbury 0 4 hauls 1720-1900 
Danville 0 2 hauls 2115-2145 

* Gear used was 300'x8'x3/8" mesh haul seine except for 8 hauls 
with the 150'x6'x1~' mesh bag seine 
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Water T. 

71 F 
72 F 

76 F 

74 F 
74 F 

72 F 

69 F 

70 F 
73 F 

71 F 

66 F 

62 F 

72 F 
72 F 



Date 

8/17 

Q/?Q 
V/ t-V 

9/10 

9/25 

10/9 

10/23 

~ 11/7 I ... 
co 

Table 4.2 Juveni l e American shad collections in the Juniata 
River at Amity Hall, August-November, 1984. 

Mean Length Flow No. Shad Length Range Effort CPUE (cfs) 

31 66 25-104 5 6.2 5,790 

?k kQ ~~_,n7 II k i:; , i:;1 n ...... vv ....,..., .&.VI -r ... . .., • ,v.a.v 

576 61 44-82 3 192.0 1,110 

299 83 60-133 3 99.7 830 

296 91 54-119 3 98.7 830 

67 93 63-130 4 16.8 1,190 

0 - - 3 0. 0 -

Gear used was 150 1 x 61 x Yi 11 mesh bag seine 
Al l collections were made between 0620-0845 hrs. 

~Jater 
Temp 

73 

7? , ... 

68 

72 

57 

63 

46 



Table 4.3 Sunmary of juvenile American shad collections 
at York Haven Dam durinq autumn, 1984. 

Date No. Shad Mean length Effort Time length Range 

8/22 0 10 CN 0745-0845 

9/26 0 8 CN 0715-0815 1 PN 
10/3 0 2 CN 0645-0715 

10/10 0 6 CN 0730-1000 1 lN 
10/17 10 112 96-141 6 CN 0705-0830 2 LN 

10/25 21 115 85-132 7 CN 0705-0840 4 lN 
10/31 34 122 94-153 7 CN 0605-0745 4 LN 

11/8 9 146 132-164 13 CN 0605-0740 4 lN 
11/14 2 150 150 11 CN 0630-0720 

Table 4.4 Su1T111ary of juvenile American shad collections 
at Safe Harbor Dam with nets during autumn, 1984 
Note: Headings are the same as in Table 4.3. 

10/5 0 8 CN 
2 PN 0715-1030 
3 LN 

10/11 0 8 CN 0640-0745 

10/18 0 7 CN 0720-0820 

10/26 0 8 CN 0645-0755 

11/1 2 145 140-149 9 CN 0555-0700 

11/9 22 131 92-173 12 CN 0600-0910 7 lN 

11/14 0 13 CN 1630-1740 

11/20 0 9 CN 0830-0915 

11/28 0 10 CN 0850-0925 

CN = cast net; LN = lift net; PN = push net 
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Hater 
Temp. 

68 

73 

65 

58 

60 

59 

63 

47 

40 

61 

63 

63 

65 

63 

53 

48 

42 

40 



Table 4.5 Sununary of American shad collections on cooling 
\'1ater strainers at Safe Harbor Dam, 1984. 

Date No. Shad Mean Length Collecting Water Fl ow Length Range Unit Temp. 

9/22 1 122 122 69 7600 

9/23-11/2 0 

11/3 4 142 88-165 2,4 59 7800 

11/4 2 107 105-110, 2 62 8100 

11/5 0 61 9700 

11/6 2 142 130-155 5 58 9700 

11/7 1 122 122 2 56 9400 

11/8 1 158 158 2 54 9600 

11/9 4 133 112-155 2,3 53 12600 

11/10 13 130 105-178 1,2,3 51 13500 

11/11 0 51 13600 

11/12 22 139 103-170 1 thru 7 50 12700 

11/13 10 151 136-170 2,3,5,7 48 13300 

11/14 1 171 171 3 48 18000 

11/15 10 140 104-168 2,5,7 47 17600 

11/16 22 147 105-164 3 46 16800 

11/17 5 165 145-176 3 42 15300 

11/18 6 149 138-167 2 43 14600 

11/19 2 150 140-160 2 44 13700 

11/20 2 157 157-158 2 42 13300 

11/21 2 164 156-173 2 41 11800 

11/22-25 0 

11/26 1 140 140 5 38 10100 

11/28 1 40 10200 

11/29-12/14 0 

total 112 
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Date 

10/11 

11/9 

11/15 

11/20 

11/28 

Table 4.6 Summary of American shad collections 
at Holtwood Dam during autumn 1984. 

No. Shad 

0 

6 

188 * 

9 

0 

Mean 
Length 

123 

118 

109 

Length 
Range 

86-167 

85-170 

80-146 

Effort Time 

4 CN 
2 LN 0915-1100 
1 PN 

7 CN 1115-1155 

3 CN 0850-1050 6 LN 

3 CN 1130-1150 

6 CN 1100-1120 

CN = cast net; LN = lift net; PN = push net 
* 157 shad with CN and 31 with LN 
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Water 
Temp . 

63 

56 

46 

41 

40 



Table 4.7 Locations sampled and effort by qear during the 1984 
Maryland DNR juvenile shad outmigration study. 

Gear Type Station No. Effort Station Name 

Haul Seine 1 4 Wild Duck Cove 
5 5 Spoil Island 
6 5 Tydings Park 
7 4 Quarry 

LAP 4 Lapidum 
HVB 3 Happy Valley Branch 

Otter Trawl 1 4 Wild Duck Cove 
5 4 Battery Island 
6 4 Tydings Park 

Mi dwa ter Trawl 1 2 Tydings Park 
2 3 Concord Lt-Perry Pt. 
3 3 Penn Central RR Bridge 
4 4 Garret Is.-Cecil West 
5 4 Garret Is . -Cecil East 
6 4 II -Harford East 
7 4 II -Harford West 
8 4 I-95 Bridge 
9 4 Port Deposit 

10 3 Port Deposit-Lapidum 
11 4 Lapidum 

Table 4.8 Sample elates by gear type and water temperatures during the 
Maryland DNR juvenile shad outmigration study - 1984. 

Date Seine MW Trawl Otter Temperature 
Trawl Range (F) 

November 5 X 55-61 
November 6 X 56-62 
November 9 X 54-57 
November 15 X X 50-53 
November 16 X 50 
November 19 X 45-48 
November 20 X 45-48 
November 21 X 42-45 
November 26 X 39-43 
November 28 X 44-48 
November 29 X 44-45 
November 30 X X 44-45 
December 5 X 42-43 
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Figure 4.1 Juvenile shad collecting 
locations above Clarks Ferry - 19811. 
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FIGURE 4.3 Sample sites by gear type for the 1984 Mary l and 
DNR Outmigration Study . 
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JOB V. AMERICAN SHAD CULTURAL RESEARCH 
T. A. Wiggins, T. R. Bender, R. D. Lorson, and V. A. Mudrak 

Pennsylvania Fish Commission 
Bellefonte, PA 

Introduction 

Food Deprivation 

of Larval American Shad 

The van Dyke Research Station continued studies in 1984 

which emphasized feeding and feeding regimes in early larvae. 

Wiggins et al. (1985) demonstrated it was characteristic of 

cultured American shad larvae during the transition from 

endogenous to exogenous nutrition, to experience a period of 

low feeding incidence paralleled by periods of slow growth and 

high mortality. First-feeding herring larvae are particularly 

sensitive to food deprivation (O'Connell and Raymond, 1970; 

Houde 1977, 1978; Werner and Blaxter, 1980} and reach a point 

where effects of starvation rapidly become irreversible 

(Blaxter and Ehrlich 1974). A test was conducted, utilizing 

larval shad, to determine the pattern of growth to be expected 

solely as a result of endogenous nutrition, and to identify 

the age where food deprival, after the absorption of yolk, 

results in complete mortality. 

Night Feeding of Cultured 

American Shad Larvae 

Diel variations in larval shad feeding intensity were also 

found in 1983 studies. Since it is important that the 

introduction of feed coincide with peaks in feeding intensity, 

a test was conducted to determine the extent of feeding that 

occurred at night. 



Effects of Different Initial Feeding 

Rates of Artemia Nauplii on the 

Growth and Survival of 

American Shad Larvae 

As a greater understanding of feeding behavior in shad 

larvae is gained, feeding regimes must be established. At the 

present time, Artemia nauplii are an essential component of 

the diet of larval shad in an intensive culture situation. 

High mortality in early larvae was apparently the result of 

unsuccessful feeding on Artemia nauplii. A test was conducted 

to determine if larval mortality was the result of 

insufficient quantities of nauplii fed; and if so, to 

determine an optimum feeding rate of nauplii for survival and 

growth of larval shad. 

The Effects of Dry Diet on Growth and 

Survival When Offered as a Feed 

Supplement to Larval Shad 

Although feeding regimes which incorporated dry feeds were 

unsuccessful in the past, two different larval diets were 

tested in combination with Artemia nauplii to determine if 

alternative feeding regimes could be developed which would 

improve survival and growth. 
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Use of Oxytetracycline to Mark 

Daily Otolith Rings of American Shad Fry 

A need exists to be able to differentiate between 

out-migrant juvenile shad resulting from the Van Dyke hatchery 

effort and those resulting from the natural spawning of 

translocated adults. This capability would make it possible 

to determine the relative contribution of both methods to the 

overall restoration effort. To that end, a project was 

undertaken to determine if a distinguishable mark could be 

applied to the daily otolith rings of American shad fry, using 

oxytetracycline bath treatments, before they are stocked at 

18-19 days of age. 

Survival of Fry During Transport 

Data will be presented which deal with the survival of fry 

during transport (these were not collected fo .r test 

purposes>. Presently , the only data available, relative to 

mortality of shad larvae resulting from fish transfer, are 

those collected when fish were brailed in small numbers for 

experimental purposes. The work to be presented gives a more 

accurate impression of larval mortality using typical 

production procedures (handling large numbers of fish). 
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Materials and Methods 

The tests were conducted in 1200 liter circular fiberglass 

rearing units with a diameter of 1.52 m (60 in.> at the top, 

1.37 m (54 in.) at the bottom and a depth of .76 m (30 in.). 

Estimates of the number of larvae hatched into each 

rearing unit were obtained using a modification of von Bayer's 

(1910) method of egg enumeration to determine the total number 

of eggs (E), and the number of dead eggs (Ea>. The number of 

larvae (LV) hatched was then determined: 

LV = E - Ea 

Larval shad were initially stocked at a mean density of 

208 fish/L (250,000 fish/tank) with fish densities ranging 

from 158-270 fish/L. 

Age specific survival rates through 18 days of age were 

determined for each test unit as described by Wiggins et al. 

(1985). 

Since hatch occurred over a 3 to 4 day period, a single 

hatch date was assigned to each lot on the day the majority of 

fry hatched (generally the 7th day of incubation at 15.60 C). 

Feed was first presented to larvae at 4 days of age. 

Sampling of 25 fish for incidence of feeding and growth 

(total length 0.1 mm) was conducted from 4 to 18 days of age 

at 2 day intervals. The samples were taken at 1400 hours to 

allow feed to be present in the rearing unit for a period of 4 

to 6 hours prior to sampling. 
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Incidence of feeding (IF ,%) was determined by: 

IF=~ (100); 
1 

Ni= Total number of larvae sampled on day Ci); 

Li= Number of larvae with feed in the gut. 

In addition, the number of nauplii in the gut of feeding 

larvae was recorded. 

Studies on initial feeding rates of Artemia nauplii and 

the effects of dry diet as a feed supplement were run in 

triplicate. Analysis of variance (Snedecor 1957) was computed 

for growth. 

Food Deprivation of 

Larval American Shad 

The successful culture of American shad larvae is 

dependent on the successful transition from endogenous to 

exogenous nutrition . Food deprival of larvae would 

demonstrate patterns of growth to be expected solely due to 

endogenous nutrition, and identify the point where food 

deprival, after the absorption of yolk, results in complete 

mortality. 

A rearing unit was set up with approximately 2700 fish in 

a manner typical of other rearing units except that no food 

was presented to the fish. Mortalities were syphoned from the 

rearing unit each day and hand counted. Complete mortality of 

food deprived larval shad occurred in 16 days (post-hatch): 

however, less than l percent of the fish survived through 14 

days of age. 
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Samples of 14 t o 25 fish were collected daily and measure, 

for total length until 12 days of age when there was no longei 

a sufficient number of fish to continue sampling (Table 5-1). 

Larvae were 8.9 mm at hatch and increased in length to 10.2 w 

at 12 days of age. Both growth and time of survival were 

similar to results obtained by Wiggins et al. (1985). There 

was a period of rapid growth, apparently due to endogenous 

nutrition, followed by a period of slowing growth as the 

necessity for exogenous nutrition increased (Figure 5.1). 

Initial mortality was high inasmuch as 54 percent of the test 

larvae died within 4 to 5 days following hatch. Time of 

survival, less than 1 percent of the larvae survived through 

14 days of age, corresponds to the age where mean age specific 

survival reported by Wiggins et al. (1985) changed from a 

mortality rate averaging 5.5 percent per day to less than 0.4 

percent per day. The similarity of results makes it apparent 

that there was a difficult transition to exogenous nutrition 

which resulted in the starvation of many larvae. 
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Table 5.1. Mean total length of American shad larvae deprived 
of food compared to values reported by Wiggins et al. (1985) 
for larvae receiving 12 Arternia nauplii per fish daily (based 
on initial tank density). 

Age (days) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
21 
25 

Total Length <mm>> 

Food Deprived Larvaea 

8.9 
9.1 
9.4 
9.7 
9.6 
9.7 
9.8 
9.9 
9.8 

10.0 
9.9 

10.2 
10.2 
10.2c 

asarnple size ranged from 14 t o 25 fish 
bsarnple size 50 fish 
CMeasurement of a single fish captured 
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Fed Larvaeb 

8.7 
8.8 
9.1 
9.2 
9.5 
9.7 

10.2 
10.2 
10.3 
10.4 
10 . 0 
10.6 
10.1 
10.1 
10.4 
10.2 
10.8 
10.8 
10.8 
10.5 
12.1 



Figure 5.1. Mean total length of Amer i can shad larvae totally 
deprived of food (1984) compared to mean total length of fish 
fed 12 Artemia nauplii per fish each day (the number of 
nauplii based only on initial fish density) presented by 
Wiggins et al. (1985) . 
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Night Feeding of Cultured 

American Shad Larvae 

Feeding at night as well as during the day has often been 

recommended for larval fishes as it was assumed the fish had 

little or no energy reserve (McHugh and Heidinger 1977). It 

is, however, imperative that patterns of feeding be defined so 

that the introduction of feed coincides with peaks in feeding 

intensity (Corazza and Nickum 1983). Diel variations in 

feeding intensity exist in early larvae (Rosenthal and Hempel, 

1970; Levesque and Reed 1972; Wiggins et al. 1985). Feed was 

found in the gastrointestinal tract of shad larvae during the 

night; however, the incidence of feeding, the percentage of 

fish with feed in the gastrointestinal tract, declined through 

the night. This test was designed to determine if feeding 

occurs at night in 16 day old American shad larvae (16 days of 

age was chosen to ensure that all fish were receiving 

exogenous nutrition). 

Fish used in the test were reared in a 1200 liter (317 

gallon) circular unit at a density of 105 fish/liter. No feed 

was presented to the fish 24 hours prior to the test. The 

test was conducted at night, and a cover was placed over the 

rearing unit to prevent the infiltration of light from outside 

sources. Feeding was initated at 2200 hours when 2 liters of 

Arternia suspension (270,000 Artemia/liter) were placed into 
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the rearing unit. Feed was then presented for 5 seconds every 

5 minutes from two live food dispensers located on the rearing 

unit. The total volume of Artemia suspension fed during the 

test period was 6.7 liters. A sample of 50 fish was collected 

at 0100 hours; measured for total length and examined for 

incidence of feeding. Mean total length of the larval shad 

was 10.9 mm (0.4 inches). There was a O percent incidence of 

feeding on Artemia nauplii but 16 percent C8 fish> had Artemia 

cysts in the gastrointestinal tract. 

It appears that larval shad do not actively feed at 

night. It is probable that cysts found in the gastrointes­

tinal tract were remnants of previous feedings, consumed 

during the daylight hours prior to the test. 

A new feeding regime utilized in 1984 reduced thi~ hours of 

feeding by discontinuing feeding at night. Artemia nauplii 

are now presented at a higher density during the day1ight 

hours when utilization by larvae is more likely. Thi~ new 

feeding regime reduced waste and it increased the amount of 

feed available to the larvae. 
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Effects of Different Initial 

Feeding Rates of Artemia Nauplii 

on the Growth and Survival of 

American Shad Larvae 

The presence of adequate densities of suitable prey 

organisms is of crucial importance to the survival of larval 

fishes (Werner and Blaxter 1980). It has been shown that the 

number of striped bass which survive to stockable size is 

directly related to the quantity of Artemia cysts incubated to 

feed larvae {Lewis and Heidinger, 1981). Although evidence 

has been presented that, at least to some extent, cultured 

American shad larvae are starving, the optimum quantities of 

Artemia nauplii to feed were not known. The quantities of 

Artemia nauplii necessary for other larval fish species vary 

considerably. Using rate of digestion, Rosenthal and Hempel 

(1970) estimated that early postlarval herring could digest 

35-40 Artemia nauplii per day. Experimentally, Werner and 

Blaxter (1980) determined threshold prey densities for larval 

herring to be near 0.17 Artemia per ml, above which changes in 

prey densities have little effect on survival or growth. In 

contrast to this low prey density, it bas been estimated that 

early striped bass larvae must be initially fed at a rate of 

50 to 60 nauplii per ml of rearing tank volume per day to 15 

days of age. After 15 days of age, the density of nauplii is 

increased to 100-120 per ml per day (Lewis and Heidinger 

1981). 
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This study was initiated to determine threshold feeding 

rates for American shad larvae, using Artemia nauplii, below 

which deleterious effects would occur, and above which would 

result in little effect on survival and growth. ThJ:ee feeding 

rates were compared; 12, 18 and 24 Artemia nauplii per fish, 

based on the initial stocked densities of fish in a tank. 

Feeding rates for the study were chosen to bracket the feeding 

rate used in 1984, 18 Artemia nauplii per fish, and include 

the feeding rate used in 1983, 12 Artemia nauplii per fish. 

Two live food dispensers, a modified version of a djlspenser 

developed by Theis and Howey (1981), released a suspension of 

newly hatched sanders Artemia salina nauplii (after nauplii 

"ere seperated from unhatched cysts) to each rearin~~ unit for 

5 seconds every 5 minutes, 8 to 12 hours each day. The volume 

of the suspension fed daily was based on the initial stocked 

density of a rearing unit; the feeding rate that unjlt was to 

receive, and the density of the newly hatched nauplli. 

Performance based on growth and survival was lowest for 

larvae receiving 12 Artemia per fish. There was no 

significant difference CP <0.05) in growth; however,, percent 

survival f or th i s test group was also lowest with a mean of 

65.9 percent (Table 5.2). Larvae receiving feed at a rate of 

18 Arternia per fish had a mean length of 11 . 2 mm compared to 
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Table 5-2. Summary of mean growth and survival of American 
shad larvae to 18 days of age at initial daily feeding rates 
of 12, 18 and 24 Artemia nauplii per fish (Van Dyke 1984). 

Feeding Rates 

12 A.ttemia/ 18 Actemia/ 24 A.ttemia/ 
Fish Fish Fish 

Length (mm) 11.1 11.2 11.6 

Survival (%) 65.9 77.8 74.5 
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11. 6 mm for lan,ae fed at a rate of 24 Artemia naupl ii per 

fish. 

The mean nu1mber of Artemia naupl ii found in the 

gastrointestinal tract of feeding fish was determined for the 

test period at each feeding rate (Table 5-3) and appeared to 

directly corr el.ate with growth. 

Survival, on the other hand, was highest at a feeding rate 

of 18 Artemia n.:1uplii per fish, 77 .8 percent, as compared to 

74.5 percent fo.r the feeding rate of 24 Artemia nauplii per 

fish. Detailed growth and survival data was provided in 

Appendix A. 

Feeding int,ensi ty, measured as the incidence of feeding 

(Table 5-4), re.fleeted the results obtained for survival with 

the highest incidence of feeding generally occurring in fish 

receiving 18 AI.:temia nauplii per fish and lowest where fish 

received 12 AI.:t.!e.mia nauplii per fish. 

The study d1emonstrated that a feeding rate of 12 Artemia 

nauplii per fish did not perform as well as higher feeding 

rates. The resrul ts of the two higher feeding rates were 

mixed. The difference in growth was considered insignificant; 

therefore, the data suggests the feeding rate of 18 Artemia 

per fish (highest survival), the feeding rate used for 

production in 1!~84, was the optimum rate tested. 
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Table 5-3. Mean number of Artemia nauplii found in the 
gastrointestinal tract of feeding larvae through 18 days of 
age for initial feeding rates of 12, 18 or 24 Artemia nauplii 
per fish per 24 hour period (Van Dyke Station, 1984). 

Mean Number of Artemia Nauplii 

Age Cdays> 12 Artemia/Fish 18 Artemia/Fish 

4 2 2 
6 3 3 
8 3 3 

10 3 2 
12 2 3 
14 3 3 
16 2 3 
18 4 4 

Mean number 
of Artemia 
found in the 
gastrointes­
tinal tract 
per day from 
4-18 days 2.8 2.9 
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24 Artemia/Fish 

3 
3 
3 
4 
2 
4 
3 
4 
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Table 5-4. The mean incidence of feeding for three trials 
through 18 days of age for larvae initially fed at a rate of 
12, 18 or 24 Artemia nauplii per fish per 24 hour period (Van 
Dyke Research Station, 1984). 

Incidence of Feeding Cl> 

Age (days) 12 Artemia/Fish 18 Artemia/Fish 24 Artemia/Fish 

4 31 53 48 
6 51 60 60 
8 57 80 75 

10 77 88 93 
12 84 91 89 
14 92 98 96 
16 90 94 94 
18 94 92 92 
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The Effects of Dry Diets, on Growth and Survival 

When Offered as a Feed Supplement 

to Larval American Shad 

At the present time, Artemia nauplii are an essential 

component of the diet for larval American shad. Past attempts 

failed to sustain larvae solely on dry feeds or a slurry made 

from the mash (1978 Annual Report). The major problem when 

using dry diets to feed many larval species is little 

acceptance of the diet (Nickum 1978, Lewis and Heidinger 

1981) • 

This study had several objectives: 1) to determine if, 

and possibly when, early postlarval American shad (to 18 days 

of age) would accept a dry larval feed1 2) if accepted, were 

the dry diets, when fed in combination with Artemia nauplii, 

beneficial to survival and/or growth through the transition 

from endogenous to exogenous nutrition; and 3) to compare two 

iarval diets. Three daily feeding regimes compared were 12 

Artemia nauplii per fish fed in combination with milled 

Arternia flakes (12A + AF); 12 Artemia nauplii per fish fed in 

combination with Larval AP-100 diet (12 A & AP-100); and a 

typical production diet of 18 Artemia nauplii per fish (18A). 

The milled Artemia flakes were supplied by Bio-Marine, 

Inc. Aquafauna (Hawthorne, California), the larval diet AP-100 

manufactured by Ziegler Brothers, Inc. (Gardners, 

Pennsylvania) and the Arternia cysts purchased from Sanders 

Brine Shrimp Company (Ogden, Utah). The quantity of the dry 
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larval diets fed was a mass equal to twice that of an 

equivalent mass of 6 live Artemia nauplii per fish (the 

manufacturer of the AP-100 recommended the mass of larval diet 

be equivalent to twice the live mass of Artemia nauplii 

supplemented). Larval diet was dispensed from a single 

vibrator type feeder (model AF6, SWeeney Enterprises, Inc.) 

while the Artemia suspension was released from two live food 

dispensers for 5 seconds, every 5 minutes, 8 to 12 hours each 

day. The volume or mass of feed was based on the initial 

stocked density of a rearing unit, the feeding rate that unit 

was to receive; and the density of the newly hatched nauplii. 

The milled Artemia flakes were provided in four sizes: 

150 micron; <220 micron; <400 micron; and <800 micron. The 

larval diet AP-100 was provided in five sizes; however, only 

the three smallest sizes of AP-100; 150 micron, 200 micron and 

250 micron, were used during the study. The different sizes 

of each diet were distributed as evenly and comparably as 

possible during the study. 

The dry diets were first presented to larvae 4 days of 

age. First feeding larval shad, mean total length of 10.4 mm 

(0 .4 in.>, would accept a dry larval diet (150 micron). 

Incidence of feeding on the dry diet was 5 percent for the 

fish in rearing units receiving Artemia flakes and 19 percent 

for fish receiving the AP-100 (Table 5-5). The highest 

incidence of feeding on Artemia flakes was noted for larvae 8 

days of age when 33 percent of the sampled fish had fed. For 

AP-100, the incidence of feeding continued to increase until 
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Table 5-5. Mean incidence of feeding for larvae with dry diet 
in the gastrointestinal tract through 16 days of age offered 
12 Artemia nauplii per fish supplemented with either Artemia 
flakes or larval diet AP-100. 

Ano (rl;:nrs::1 
··":,- ,--~ -# 

4 
6 
8 

10 
12 
14 
16 

Mean Incidence of Feeding <1> 
Art-.:>m;.::1 J.'l.::1lcos:: 
eeewwe11ew eeneeww 

5 
24 
33 
27 
15 
24 
12 
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10 days of age when 80 percent of the larvae had fed on the 

dry diet. There was an apparent decline in the i.ncidence of 

feeding on AP-100 following day 12, which coincidled with a 

change to the largest particle size (250 micron) offered 

during the study. 

There were no apparent differences in the ini.tial 

incidence of feeding when comparing the average 01f the two 

feeding regimes supplemented with dry diet, 12 A+ AF and 12 A 

+ AP-100 (22 percent) to the control diet of 18A (25 

percent). Subsequent increases in the incidence of feeding 

through 12 days of age were similar for the 12A +· AP-100 and 

the 18A. Throughout the study, the incidence of feeding was 

lowest for the 12A + AF diet (Table 5-6). 

There were no significant differences in growth among 

diets; however, the greatest growth was demonstra.ted in the 

12A + AP-100 feeding regime (Table 5-7). 

Hatchery survivals throughout the study were low (53 

percent) and were reflected in the 47 percent mean survival 

obtained in controls receiving the 18A feeding reigime. The 

feeding regimes 12A + AF and 12A + AP-100 had muc:h higher mean 

survival rates, (66 and 84 percent respectively) than the 

~ontrols (Table 5-7 and Figure 5-2). Detailed growth and 

survival data are presented in Appendix B. 
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Table 5-6. Mean incidence of feeding for larvae offered 18 
Artemia nauplii per fish, 12 Artemia nauplii per fish 
supplemented with Artemia flakes, and 12 Artemia nauplii per 
fish supplemented with larval diet AP-100. 

Mean Incidence of Feeding <1> 
12 Artemia and 12 Artemia and 

Age (days) 18 Artemia Artemia Flakes AP-100 

4 25 11 31 
6 63 47 91 
8 75 60 75 

10 76 69 71 
12 93 65 96 
14 95 61 81 
16 89 45 69 
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Table 5-7. Summary of mean growth and survival of American 
shad larvae at the Van Dyke Research Station (1984) to 18 days 
of age for the feeding regimes of 18 Artemia, 12 Artemia + 
Atrtemia Flakes, and 12 Artemia + AP-100. 

Length <mm> 

Survival(%) 

Feeding Rates 

18 Artemia/ 12 Artemia + 12 Artemia+ 
Fish Artemia Flakes AP-100 

11.5 

46 . 5 
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Figure 5-2. Larval survival from 8 to 18 days of age at the 
Van Dyke Research Station (1984) comparing the feeding regimes 
of 18 Artemia nauplii: 12 Artemia nauplii fed in combination 
with a dry diet of milled Artemia flakes1 and 12 Artemia 
nauplii fed in combination with a dry diet of larval AP-1001 
presented per fish per day. 
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Artemia nauplii continue to be an essential component of 

the diet for larval shad, however the study demonstrated 

that: dry larval feeds were accepted by first-feeding shad 

larvae; larval feeds remained a major portion of the diet; and 

prepared diets greatly reduced and almost eliminated the high 

larval mortality experienced in other studies (Wiggins et al. 

19 85) • 

It was apparent that prepared feeds, offered in 

combination with Arternia nauplii, and in particular the larval 

diet AP-100, enhanced survival; however, the reasons prepared 

diets enhanced survival were not clear. Several aspects 

related to the feed and feeding; 1) quantity and presentation 

of feed, 2) particle size, and 3) nutrition, may have, at 

least in part, affected the survival rates and will be 

discussed. 

1) Quantity and Presentation of Feeds 

The feeding regimes supplemented with prepared diets 

received a larger quantity of feed than the control. 

Twelve Artemia nauplii in combination with an 

equivalent mass Clive) of the appropriate prepared diet 

was fed per fish daily Ca mass of 24 Arternia nauplii) 

compared to a control receiving 18 Artemia nauplii. 

The moisture content of prepared feeds would also be 

less than that of Artemia nauplii which, in addition to 

affecting quantity would also aff~ct the amount of feed 

that was nutritionally available. It was demonstrated, 

however, in the previous test on feeding rate of 

Artemia naupl ii that there were no apparent differences 
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in larval survival obtained for feeding rates of 18 and 

24 nauplii per fish fed daily (based on the initial 

density of the rearing unit). Although Artemia nauplii 

are presently an essential component of the diet for 

larval shad, simply increasing the quantity of nauplii 

does not yield the increases in survival which was 

obtained when using prepared diets in conjunction with 

Artemia nauplii. 

Larval feeding efficiency is low, initially limited by 

the larvae•s ability to feed, mobility, competition 

within the tank, size of feed, etc. As a result, 

presentation of feed is critical in making feed 

available to the larvae. Artemia nauplii were released 

into a rearing unit from two locations and immediately 

began to sink through the water column. Dispersal of 

the nauplii is vertically concentric at the perimeter 

of the rearing unit. The nauplii are weak swimmers and 

do little to expand the distribution. The dry larval 

diet drops onto the water surface within a rearing unit 

from one location. Some of the diet sinks immediately; 

however, a portion disperses over the water's surface, 

sinking at various time intervals, while some remains 

on the surface. The dispersal of the dry larval diets, 

particularly in rearing units with such high fish 

densities, should positively affect availability of the 

diet to larvae. Increasing the availability of the 
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feed can directly and positively affect survival (1981 

Annual Report). Incidence of feeding, however, did not 

support the inference that the dry larval feed would be 

more available to larvae. The incidence of feedi ng for 

the feeding regimes 18A and 12A + AP-100 were similar. 

The feeding regime 12A + AF had the lowest incidence of 

feeding throughout the study, although feed dispersal 

was similar to that of 12A + AP-100. 

2) Particle Size 

Initially, the size of the prepared diets fed was much 

smaller than Artemia nauplii. Mean width of Artemia 

nauplii without appendages was 0.19 mm (0.007 in.) 

(Wiggins et al. 1985), very similar to the 200 micron 

particle size of the larval diet. The horizontal mouth 

width of larval shad 6 days of age is 0.76 mm (0.03 

in.), apparently large enough to accept larger diets: 

however, it was demonstrated that larvae selected for 

Artemia nauplii less than the mean width (Wiggins et 

al. 1985). In comparison, the initial particle size 

for both prepared diets was 150 micron. The largest 

size offered during the test was 250 micron for AP- 100 

and 800 micron for Artemia flakes. There was a sharp 

decline (from 80 to 51 percent) in feeding incidence 

for the larval diet AP-100 after day 12, which 

coincided with a change in particle size from 200 to 

250 micron. It appears that particle size may have 

influenced the incidence of feeding. 
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Nutrition 

The nutritional composition of any diet is important; 

however, the ability of an organism to utilize 

nutritional components must also be considered. It is 

assumed that the nutritional value of the Artemia flake 

diet (almost a pure Artemia composition) is no more 

than equal to and likely of less nutritional value than 

the diet of Artemia nauplii. If only a small 

percentage of the nutritional value is lost in 

processing then you would expect a gram of dry Arternia 

flakes to yield more growth than a gram of wet nauplii 

(similar to dry feed vs. live fish!). Although 

quantities for the two feeding regimes cannot be 

equally compared, the incidence of feeding was lowest 

for the feeding regime using the Artemia flake diet, 

and yet higher larval survival was obtained. In 

comparison, it was demonstrated that larger quantities 

of Arternia nauplii did not increase survival. 

Digestion of Artemia nauplii is very incomplete in 

larval shad and therefore the nutritional value 

received from the prey organism must be limited. It is 

possible that the larvae realize a greater nutritional 

value from even the partial digestion of prepared feeds 

because of the more homogenous distribution of 

nutritional components within the particle. 
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Comparing the feeding regimes whic:h utilized prepared 

diets, the quantity, presentation, and initial particle size 

were equivalent. Through 8 days of ag1e, feed particle size 

for both diets was 150 micron, and there was little difference 

in diet particle size through 10 days 1of age (200 micron for 

the AP-100 and 220 micron for Artemia flakes). The following 

diet sizes, offered after 10 days of a,ge, were not 

comparable: 400 and 800 micron for flaked Artemia and 250 

micron for AP-100. The incidence of feeding for the AP-100 

was much higher than for Artemia flakes throughout the study. 

Survivals did not begin to differentiate until 14 days of age , 

after which larval mortality remained ,exceptionally low for 

the AP-100 diet. A higher mortality rate occurred from 14 to 

18 days of age (18 percent) for larvae receiving Artemia 

flakes. The delayed mortality experienced by larvae on the 

12A + AP diet was not typical of the mortality pattern 

reported by Wiggins et al. C 1985 ) for larvae shad. 

Differences between the feeding regime,s utilizing prepared 

diets may have been , in part, the result of the difference in 

particle sizes offered later in the test. This would explain 

the high initial surv ival of both supp.l emental diets as well 

as the delayed mortality which occurred in uni ts receiving 

Artemia flakes . 
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The feeding regime test using larval diet AP-100 in 

combination with 12 Artemia nauplii per fish was run in 

triplicate at production levels. The high mean survival 

obtained in the study, 84 percent, occurred concurrently with 

the lowest production survival obtained in 1984 (53 percent). 

It appears that this feeding regime significantly increased 

hatchery survival and should be incorporated on a production 

basis. 

Use of Oxytetracycline to Mark 

Daily Otolith Rings of American Shad Fry 

This project was undertaken to determine if a 

distinguishable mark could be applied to daily otolith rings 

of American shad fry before they are stocked at 18-19 days of 

age. This mark could potentially be applied by a tank bath 

treatment using the antibiotic oxytetracycline (OTC). The 

otolith is an ossified tissue and begins growth even before 

hatch in some species (Marshall and Parker, 1982; Tanaka et 

al., 1981), and therefore the tetracycline property of being 

incorporated into calcified tissue (Trojnar, 1973t Weber and 

Ridgeway, 1962) might provide for a means of differentiating 

between fish that did or did not receive contact with OTC. 
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Two production tanks of American shad fry were treated at 

the Van Dyke facility, with a third serving as a control. One 

treated tank was inside the hatchery building and the other 

was outside, since direct light is known to negatively effect 

the fluorescent properties of tetracycline (Choate, 1964: 

Trojnar, 1973). Each treatment consisted of 50 mg/1 

oxytetracycline hydrochloride (88.5% active ingredient>1 32 

mg/1 potassium phosphate and 67 mg/1 sodium phosphate as 

buffers; and a supply of pure oxygen added to each tank. The 

treatment duration was 12 hours per day for four consecutive 

days (days 15-18). Temperature, pH, and dissolved oxygen were 

monitored during treatment to be certain safe levels for each 

remained throughout the treatment period. After treatment, 

the fish were transported to Benner Spring Fish Research 

Station and stocked in concrete raceways for the duration of 

the study. 

Upon completion of this test and microscopic perusal using 

an ultraviolet light source, a distinguishable fluorescent 

mark was discernible on the daily otolith rings of treated 

fish and persisted for at least 152 days (Table 5-8). Data on 

the number marked were first gathered when the fish were 57 

days old. The mark was found on 39 of 40 fish and yielded a 

success rate of 97+1 for both tanks combined at 57 

days-of-age. Otoliths from the untreated 57 day-old control 

sample displayed no evidence of a fluorescent mark. 
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Table 5-8. Results of tetracycline tagging of daily otolith 
rings of American shad fry when treated at 15-18 days-of-age. 
(Benner Spring Fish Research Station, 1984 ) . 

Treatment Group 

Fish treated inside and 
held in raceway 
(Sample Size) 

Fish treated outside and 
held in raceway 
(Sample Size) 

Percent Marked 
Tanks Combined 

Untreated Controls 
(Sample Size> 

Number of 

At 57 days- old 

20 
( 20) 

19 
( 20) 

97.5% 
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0 
( 5) 

Fish 

At 

Marked 

152 days-old 

8 
(9) 

6 
(8) 

82.4% 

0 
( 5) 



Fish were again checked for the number marked whc?n they 

reached 152 days of age; the overall percent marked was 82.4% 

(14 of 17 fish). Otoliths from a 5-fish sample of 152-day-old 

untreated control fish did not manifest a fluorescent mark. 

There was no appreciable difference in marking bc~tween 

those fish treated inside and those treated outside; however, 

post-treatment survivals were quite different. At 21 days of 

age (3 days post-treatment), 28 percent of the inside~ test 

fish survived, compared to 87 percent of the outside test fish 

and 73 percent of the inside control fish (Table 5-9;1. No 

definite statement can be made regarding potential 

tetracycline effects but the discrepancies in survival warrant 

further investigation. Refinement of this technique will be 

the primary objective for 1985 studies to reach our goal of 

successfully producing adequate numbers of marked juvenile 

shad. 

In summary, a discernable mark can be applied to the daily 

otolith rings of American shad fry, and will persist for at 

least 152 days. After some refinements and further research, 

this method should prove useful in determining the oitigin of 

outmigrating American shad in the Susquehanna River. 
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Table 5-9. Percent survival for shad fry utilized in the 
oxytetracycline tagging study (Van Dyke, 1984). 

Percent survival 

Initial Days Qf Age 
Treatment Tank Density li ll. .ll 

50 ppm OTC 86,800 82 56 28 
(Inside) 

50 ppm OTC 125,900 97 93 87 
(Outside) 

Untreated 211,200 85 78 73 
Control 
<Inside) 
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Survival of Fry During Transport* 

It has been assumed from experimental data within the 

facility, that a high larval mortality during transport may 

o,ccur. Mean mortality for transfer of larvae in experimental 

situations within the hatchery was extremely high, 63 percent 

(1982 Annual Report): however, it was also assumed that the 

e:Kperimental situation was more stressful than a production 

e:ffort, and direct extrapolation was not possible. 

Testing of larval survival during transport has not been 

cc::mducted because of the inability to establish a proper 

cc,ntrol for the study Ca sufficient number of larvae with the 

s;ame hatch date and source) when time and tank space were 

available. However, data collected in 1984 yielded 

encouraging results relative to larval survival following 

tic ans port. 

On June 14, a tank of 274,300 larvae, 14 days of age, was 

t1cansferred from van Dyke to Benner Spring. Fry were water 

brailed into 8 to 10 plastic bags with 5 to 10 liters of 

water. The bags were inflated with oxygen and sealed. Bags 

w•ere then placed inside a styrofoam box and shipped to the 

Benner Spring Fish Research Station. Total time in transport 

w;as 3 to 5 hours. The bags of fry were removed from the boxes 

and placed into outside tanks similar to those at Van Dyke. 

When suddenly exposed to light, the larvae crowded near the 

bc::>ttom of the bags. Upon shading, the larvae dispersed more 

uniformly. The bags of larvae were tempered for a very short 
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period (5 to 10 minutes, since temperatures were nearly 

identical) and were released into the tanks. Mortalities were 

collected for 3 days in the same manner as described for the 

Van Dyke Station (Table 5-10). Total larval mortality for 66 

~ours (approximately 3 days) following transport was 11.3 

percent. Approximately 1 percent mortality would be expected 

in a hatchery control tank (no transport>. A large part of 

the initial mortality (6.4 percent) was apparently caused by 

entrapment of larvae in the folds of the bag. It appears that 

handling and transport mortality for larval shad, in a 

production situation, is less than 10 percent. 

*Note: This was not a test, but a qualatative and 

quantitative description of a larval transfer so that an 

assumption can be made relative to handling and transport 

mortality for larval American shad in a production situation. 
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Table 5-10. Larval survival following 3 to 5 hours of 
transport. 

Time following Collected 
transport (hours) Mortality Mortality 

18 17,600 6.4 
25 7,200 2.6 
42 2,900 1.1 
66 3,400 1.2 

Total 31,100 11.3 
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:ummary 

1) The slow growth and high mortality characteristic of 

the transition period from endogenous to exogenous 

nutrition is the result of starvation. 

2) Larval shad do not actively feed at night. Reducing 

the number of hours of feeding (as done in 1984) 

permits the introduction of a higher density of Artemia 

nauplii to coincide with peaks in feeding intensity. 

3) A feeding rate of 12 Artemia per fish, as fed in past 

years, did not perform as well as higher feeding rates. 

4) A feeding rate of 18 Artemia per fish (the feeding 

rated used for production in 1984) was the optimum rate 

tested, considering growth, survival and economy of 

operations. 

5) Prepared diets fed in combination with Artemia nauplii 

increased survival. 

6) The supplemental larval AP-100 almost eliminated the 

suggested starvation mortality experienced during the 

transition from endogenous to exogenous nutrition. 

7) Par ticle size of prepared diets being fed is critically 

important. The suggested initial particle size would 

be 150-200 micron. 

8) A discernible mark can be applied to the daily otolith 

rings of American shad fry using an oxytetracycline 

bath treatment, and will persist for at least 152 days. 

9} Transporta tion of larvae should result in less than 10 

percent mortality. 
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Appendix A-1. Temporal patterns in growth of American shad 
lazvae to 18 days of age at an initial feed rate of 12 Artemia 
nautplii per fish per 24 hour period (Van Dyke Station, 1984). 

Trial Mean Length <mm> 
Age: (days) tl t2 t3 X 

4 10.4 10.1 10.6 10.3 
6 10.4 10.3 10.7 10.5 
8 10.2 10.1 11.1 10.5 

10 10.2 10.2 10.9 10.4 
12 10.4 10.6 11.1 10.7 
14 10.4 11.6 11.0 
16 10.8 11.0 10.9 
18 10.9 10.9 11.4 11.l 

Appendix A-2. Temporal patterns in growth of American shad 
larvae to 18 days of age when the feeding rate was initially 
18 Artemia nauplii per fish per 24 hour period (Van Dyke 
St.ation, 1984). 

Trial Mean Length Crnm> 
tl t2 t3 

4 10.5 10.2 10.6 10.4 
6 10.6 10.1 10.5 10.4 
8 10.7 10.5 11.0 10.7 

10 11.0 10.6 10.7 10.8 
12 11.l 10.6 11.0 10.9 
14 11.0 11.5 11.3 
16 11.3 11.1 11.2 
18 11.6 11.0 11.0 11.2 
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Appendix A-3. Temporal patterns in growth of American shad 
larvae to 18 days of age when the feeding rate was initially 
24 Ar temia nauplii per fish per 24 hour period (Van Dyke 
St ation, 1984) • 

Trial Mean Length Cmm> 
Age (days) 11 f2 f3 

4 10.3 10.3 10.s 10.4 
6 10.3 10.7 10.7 10.6 
8 10.4 10.6 11.1 10.7 

10 10.7 10.6 10.9 10.7 
12 10.7 10.8 11.2 10.9 
14 10.9 11.5 11.2 
16 11.4 11.2 11.3 
18 11.8 11.6 11.3 11.6 
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Appendix A-4. Larval survival for 18 days at the Van Dyke 
Research Station (1984) with an initial feeding rate of 12 
Arternia nauplii per fish. 

Trial survival c1> 
Age (days) fl t2 t3 

1 99.3 97.6 
2 99.1 97.2 97.3 
3 98.9 97.1 96.7 
4 98.9 97.1 96.5 
5 98.8 97.1 96.4 
6 98.7 97.1 95.9 
7 98.6 97.0 95.8 
8 98.5 97.0 95.7 
9 98.4 96.9 95.5 

10 98.3 94.8 94.1 
11 97.8 89.7 91.5 
12 96.0 82 .4 87.1 
13 92.6 80 .6 81.7 
14 90.5 77.2 75.3 
15 88.6 76.7 62.3 
16 84.6 75.9 55.8 
17 83.2 74.9 so.a 
18 80. 6 74.0 49.1 

aMean survival was determined by the t Nx+i divided by the 
& Nx for 3 trial tanks multiplied by 100. 

5- 44 

99.0 
97.8 
97.4 
97.3 
97.3 
97.1 
97.0 
96.9 
96.8 
95.4 
92.4 
87.6 
84.0 
79.8 
74.0 
70.2 
67.5 
65.9 



Appendix A-5. Larval survival for 18 days at the Van Dyke 
Research Station (1984) with an initial feeding rate of 18 
Artemia nauplii per fish. 

Trial survival <1> 
Age (days) #1 12 t3 

1 99.2 98.1 
2 99.0 97.5 98.5 
3 98.8 97.4 98.1 
4 98.8 97.4 97.7 
5 98.7 97.3 97.6 
6 98.7 97.2 97.6 
7 98.6 97.2 97.5 
8 98.6 97.2 97.4 
9 98.4 96.8 97.0 

10 98.4 93 .8 95.4 
11 97.9 87.8 92.2 
12 97.1 85.6 87.7 
13 96.0 84.2 83.6 
14 95.5 82.6 81.2 
15 95.1 82.4 75.8 
16 94.6 80.3 72.5 
17 94.4 78.8 67.3 
18 93 .8 77.9 61.6 

aMean survival was determined by the ENx+i divided by 
the E Nx for 3 trial tanks multiplied by 100. 
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Appendix A-6. Larval survival for 18 days at the Van Dyke 
Research Station (1984) with an initial feeding rate of 24 
Artemia nauplii per :fish. 

Trial survival <1> 
Age (days) 11 12 t3 

l 99.0 96.7 98.7 
2 98.8 95.9 99.0 98.0 
3 98.8 95.8 98.3 97.7 
4 98.7 95.8 98.l 97.6 
5 98.6 95.6 98.l 97.5 
6 98.5 95.6 98.0 97.5 
7 98.4 95.3 97.9 97.3 
8 98.4 95.3 97.9 97.3 
9 98.3 93.9 95.6 97.l 

10 98.3 93.9 95.6 96.0 
11 97.5 89.2 90.9 92.6 
12 95.6 85.4 87.3 89.7 
13 90 .6 85.0 82.7 86.1 
14 89.1 84 . 3 79 . 7 84.3 
15 88.5 83.9 74.9 82.3 
16 87.1 83.3 66.7 78.8 
17 87.0 82.0 61.2 76.4 
18 86.1 80.9 57.6 74.5 

aMean survival was dietermined by E Nx+i divided by E Nx for the 
3 trial tanks multiplied by 100. 
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Appendix B-1. Temporal patterns in growth of American shad 
larvae to 18 days of age utilizing a feeding regime of 18 
Artemia nauplii per fish per 24 hour period (Van Dyke Research 
Station, 1984). 

Trial Mean Length <mm> 
Age (days) 11 12 13 X 

4 10.5 10.3 10.4 
6 10.7 11.3 10.5 10.8 
8 10.8 10.8 11.0 10.9 

10 11.4 11.3 10.5 11.1 
12 11.2 11.2 10.8 11.1 
14 11.2 11.0 11.1 11.1 
16 11.5 11.7 11.3 11.5 
18 11.8 11.0 11.6 11.5 
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Appendix B-2. Temporal patterns in growth of American shad 
larvae to 18 days of age utilizing a feeding regime of 12 
Artemia nauplii per fish supplemented with a dry diet of 
Larval AP-100. 

Trial Mean Length Cmml 
Age (days) tl t2 t3 X 

4 10.5 10.2 10.4 
6 11.5 11.0 10.4 11.0 
8 11.6 10.9 10.4 11.0 

10 12.1 11.0 10.5 11.2 
12 11.9 11.6 10.6 11.4 
14 12.0 11.6 11.2 11.6 
16 12.8 11.5 10.9 11.7 
18 12.8 12.0 11.1 12.0 

Appendix B-3. Temporal patterns in growth of American shad 
larvae to 18 days of age utilizing a feeding regime of 12 
Artemia nauplii per fish supplemented with a dry diet of 
milled Artemia flakes (Van Dyke Research Station, 1984). 

Trial Mean Length <mm> 
Age (days) tl t2 t3 

4 10.7 10.3 10.5 
6 10.7 11 . 0 10.3 10.7 
a 11.4 11.3 11.1 11.3 

10 11.5 10.9 10.6 11.0 
12 11.1 11.5 11.0 11.2 
14 11 .1 11.2 11.7 11.3 
16 11.9 11.8 11.3 11.7 
18 12.0 11.0 11.3 11.4 
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Appendix B-4. Larval survival to 18 days of age at the Van 
Dyke Research Station (1984) with an initial feeding regime of 
18 Arternia nauplii per fish. 

?.rial SU.t:YiYAl {ll 
Age (days) tl t2 t3 

1 99.2 
2 97.5 98.6 98.5 
3 96.8 98.3 
4 96.5 98.4 98.1 
5 96.l 98.3 98.0 
6 96.0 98.3 97.8 
7 95.9 98.2 97.5 
8 95.1 98.2 96.0 
9 91.6 98.1 91.2 

10 85.5 97.8 77.5 
11 76.9 96.1 68.5 
12 69.4 93.4 56 .1 
13 62.0 91.7 43.3 
14 61.0 86.8 32.7 
15 52.6 83 .6 30.7 
16 44.8 79.9 29.0 
17 38.7 77.0 25.2 
18 33.3 74.2 22.3 

aMean survival was determined by E. Nx+i divided by the 
'£ N.x for the 3 trial tanks multiplied by 100. 
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Appendix B-5. Larval survival to 18 days of age at the Van 
Dyke Research Station (1984) utilizing an initial feeding 
regime of 12 Artemin nauplii per fish supplemented with a dry 
diet of milled Artelini.a flakes. 

ltial Su t:2:i:2:a.l {ll 
Age (days) tl t2 13 

1 98.3 
2 97.4 99.5 98.1 
3 97.0 98.1 97.9 
4 96.5 98.1 97.4 
5 96.3 98.0 97.4 
6 96.3 97.9 97.1 
7 96.1 97.9 97.1 
8 95.7 97.8 96.6 
9 94.3 97.3 95.0 

10 93.2 96.2 93.0 
11 91.2 94.4 91.6 
12 90.1 93.6 90.8 
13 87.2 91.8 89.1 
14 83.8 89.5 86.8 
15 80.8 86.9 85.0 
16 76.8 83.4 82.3 
17 71.6 79.5 73.6 
18 60.0 74.6 60.3 

aMean survival was determined by ENx+i divided by the 
ENx for the 3 trial tanks multiplied by 100. 
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Appendix B-6. Larval survival to 18 days of age at the Van 
Dyke Research Station {1984) utilizing an initial feeding 
regime of 12 Artemia nauplii per fish supplemented with a dry 
diet of Larval AP-100. 

lrial SLl.1JZi~a.l {il 
Age (days) tl 12 t3 

1 97.6 
2 98.4 98.7 96.9 
3 98.3 97.5 96.8 
4 98.l 97.3 96.5 
5 97.9 97.2 96.4 
6 97.8 97.1 96.0 
7 97.7 97.1 95.6 
8 97.6 97.0 94.6 
9 97.S 96.7 91.7 

10 97.2 95.8 87.1 
11 96.6 94.4 84.6 
12 96.0 93.4 83.2 
13 95.5 92.9 81.9 
14 94.8 92.3 80.9 
15 94.1 91.1 79 .2 
16 93.3 90 .4 78.0 
17 91.9 89.9 75 .2 
18 90.5 89.2 72.6 

aMean survival was determined byE Nx+i divided by the 
E Nx for the 3 trial tanks multiplied by 100. 
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J 'l~ VI . SU ~MARY OF OPERATION OF THE CGNOwlN~O OAM FISH 
PASSAG E FACILITY l"l SPRING OF 1 984 

CanbP rra/R ~C 
Mud dy Run Eco log ical Laboratory 

P . o. Box 10 
Drumo r e , PA 1751 8 

INTR"JDU CTTON 

Th~ Conow ingo Dam F i sh Passdge Facility (heredft e r Fish 

Li f t) has heen in o~ e r a ti on since 1972 . It is pdr t of a 

coop~r ative o rivate, state , a nd fede ral ef f o rt to r es tore 

~me ri can shdd to the upper Sus quehanna Riv e r. The 

opP rati ona l qoa 1 of the Fish Li ft has been t o mon itor fish 

po 0ulat i ons ~elow Conowingo nam and transport as ~any 

mi0r a tory fishes (A~erican shad , herrings , hickory sh1d , 

s tr iDed b~ss. ~nd ~me ric d n ee l) up river a s pos si ble . This 

is in ~cco rdance with the restoration p l an for the 

Su s1ue~ann~ ~ t ver . O~e ration o f the Fis h lift i s one of 

many l on<i term commitm~nts by the Phi l adelpt1fa e l ect ri c and 

Susqu~ha nn a Flectr ic cowpani es t o aid in th e restoration of 

mi grat o ry fis hes t o the Susquehdnna Rive r. 

Th° Conow ing o 4 y1roelectric Station is operat~ d as a run 

o f th~ river pP akin g power station . The max i mum r atej pea k 

di s ch a r ge fr cm a ll eleven units at lonowinqo Dam 1s R? , 0 00 

C fs • The ndtu r a1 riv~r flows in exc~ss of 9 5 ,0uO cfs a r e 

r e leased ove r the spi llwa y. Gen~rally, und~ r ~ffici en t 

o p~rati n1 con1it i ons di scharqe from the seven small units 

(1-7) i s S, OCO cfs each and f r om thE:! four 1 a r ...:~ units ( :l -11 ) 

c, - 1 



i s 1 O, e u ') c f s e a ch f o r a t o t a 1 o f 7 5 , U Ou c f s • Howe v er , i n 

19?4 unit 10 was out of SL rvice lim1tiny peak discharge t o 

65•00U cfs. 

~bjectives of the 1984 operation ~ere to (1) monitor 

r e lative a~undance of ~lQ~B sµecies in the ta i lrace, (2) 

~onito r sp~cie5 composition of fishes in tail race, (3) 

obta in life history information from selected miqratory and 

r ~s i de~t speci~s, (4) contribute to restoration efforts by 

the trap and transfer of prespawned American shad and other 

miriratory flsn~s to upstream localiti es , and (5) assist 

~arylana Tidewater Administration in assessin~ the 

populati0n of American shad in the upper bay . 

Methods 

Prior to the o~eration of the Fish Lift several surveys 

were conducted in the spring to detect the a rriv a l of 

a losidc; into the lower riv~r a rea. Personnel at UW(·n's Fis~, 

llouse (~orryville, Marvland) were contacted on alternate 

weekc1ays start.inq on 12 '·'arch to oete rrnine if com,Percial 

fi~hermen were catchino these species in the river or 

Susque~anna ~lats. A visual survey of Deer Cree~ was 

c on du c t e d c1 a il y f r om l 9 ' 4 a r c h to l 5 Ma y to o et e rm i n ° i f 

r i v e r t, e r r i n q s w ~ r e f' r e s e n t i n the 1 owe r r i v e r • r 1 er r i in gs 

were first ohsorverl in ue~r Creek at Staftord ~rij~e on 11 

4pri1. 

flechanical pT" eDa ration of th,~ Fish Lift (Fi gure 6.1) Has 

initiated during t'1e wee~ of 19 '"1a rch l',84. All ,necha1n icd l 
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prpparat io ns were completed with a s uccessfu l test run of 

th~ Fi~h Lift on t he afte rnoo n of 2 ~pril . Fish Lift 

ope r at i on comm~nced o n 3 April. However , the operati on 

scheduled fo r 5 April was cancelled due to hi gh s p rin ~ flows 

which necessitated the removal of we ir gate and crowder 

~oto r s . L ift operation resumed on 1 3 April and was 

sch~duled to operate on a a lte r nate h~lf day b as i s acco rding 

to the l G84 Susq uehanna River Anaoromous Fish Restorat ion 

Committee (S~A ~RC ) work p l an ( SRAFRC 198 4) . Ope ration was 

l i r, ite1 on 17 April a nd cancel l ed on 19 April due to ni .; h 

ri va r fl ows . nperat i on r ~sumed on a n alternate ha lf d ay 

bas i s on 21 Ap ril and conti nued on that schedu le unti l 24 

~av. Sta r tin~ on 25 ~ay the Lift ope r ated da ily wi th an 

extend~d schedu l e to include afternoon and ea rl y evening 

hours. This ooe ration was te r minated on 30 113y due to 

increasin~ riv e r flows which necessitated r emoval of the 

LiFt mnto r s . ~pe r a tion r esu~e1 on b June on an alternate 

half J a y b a s is and continued until te r ~ ination of the 1984 

spr ing trapp in~ season on 14 June . 

The ~ec hanical aspect of F is h lift oo~ r a tion was si milar 

to that cte~c ri bed in the 1982 Summa ry Repor t (RMC 19 83) . 

Fic:;hinC' time 3 nd/o r 1 ift f r equency was de t e r mined by 

-:1bunrlanc 0 of fishe ~ ,1nd the time req utred t o p rocess the 

catch . 

Attr action ve l oci ty a n d flow a t th e Fish Lift in lq84 

wer e Jene r a lly simi l a r to those ~a inta ine o in l~R2 (RMC 



19 63) . Based o n the 1982 experience hydrologic conditions 

wer e maintaine d in t ~e area o f the Lift between the ~rowder 

gate and WPir qate entrances similar t o that r epo rted in the 

l at t e r pa rt of t~e 1982 t rapp ing sedson (R~C 1983)• 

J minimum spring flow of 5,000 cfs f rom Conowin90 Dam 

has been rel ~ased f r om app r ox i mate l y 15 April to 15 June 

f r om 1Q72 to (Q84. Due to high natu r a l river f l ows in l q F4 

da~ dischar ges we r e above 5,000 cfs until 2 May. Unit No . 5 

was usnd to discharge the contin uous min i mum f l ow f r om 2 May 

to 11 June when station d i scharge did not exce~d 5 , 000 cfs . 

The r e l e ase o f 5,000 cfs from Unit ~o . 5 was bas e d on the 

1982 ex p@ri ence which sho~ed the Lift ' s efficiency inc r eased 

when the comp ?tition oetw~en the a ttraction flow f r om the 

Lift and continuous re l ease was reduced. 

Rg l e a s~ of the chemical a ttracta nt , ph eneth yl alcoho1, 

was to fo ll ow the schedule outlined in SRAFRC• s 1 ~ 84 wo r k 

p l an (SRAF ? C 1984 ) . The attractant was to be r e l.· as ed on 

PV ~ry other scheduled day of F i sh Lif t ope r ation unt il water 

te~pPratu r ~ s r ~ach 0 d 68 F. Howev~ r, as in past ye ars , 

e quipment ~altunction p reve nted r 2 l ease of the attractant on 

a re ~u l ar hasis . 

Fi~nPS wern processed as reported ea rl i e r ( RML 1 9 ~3) . 

Fish@s wer@ e numeratPd oy counting dnd/o r estimat ion ~ased 

on their ahund a nce a nd relea sed back to the t Gilra c~. ~hen 

lar gp numbers 0f fis h we r e pres e nt ~ the num be r was estimated 

~nrl fis hes r el e ased t o rniniwiz e hanol in J • Len1th, weight, 
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se~ and ~ca l e samples were take n f rom blueback herriny, 

a l ew ife , hickory shad, striped bass, and strip~d bass x 

whitP bass hyurid as in 19~3. Common names of fishes 

(Bailey et a l. 1970) are used throughout the text and 

tables. A list of common and scientific names is giv:n in 

Tab le 6 .l. 

tmeric~n shad were sorted and held for transport in one 

0f three circular tanks continually supplied with river 

water. Tr~ ns po rt was sche~uled to occu r whenever fifty er 

more grePn o r qravid shad were co ll ec ted in a day . All 

he~ lthy, active shad not transported were tagged with floy 

3nchor ta js ~nd rele,sed back to the tailrace. Prior to 

their release to the tailrace length, weight, s ex , and 

spawniny cond i tion were determined as conditions permittej . 

sc~le sa~pl~s were taKen when possible . 

Sh~d scal?.s were cleaned , mounte~ and aged fo ll ow inq 

p r ocedures 0f Cat in y (1953) . ~esults of age ana l ysis in 

th is report are conside r ed preliminary until scale sa~ples 

a r e exchanQed with Maryl a nrl ONR fo r independent validation. 

Sc a le samp1es coll e cted from 1972 to 1q53 have be~n a 1ed , 

These da~a along with other life histo r y information 

(lenoth, weinht and sex) are in tne process of bein~ 

collated a nd will be available dt a l ate r ddte . 

Resu l ts_anJ_Discussion 

In 34 days of Fish Lift operation (2 ~fr1l t o 14 June) 

95? , 821 fish r ep res ent inq 35 ta~a were caught in S19 1 ifts 
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wi•h a total fishing tiw.e of 192 hours (Table 6 . 2)• 

Prodomi nnte species in orde r of abundance we re g i zzard shdd, 

ch~nnel catf i sh , ca r p , and white pe r ch . Alosids (al e ~if e , 

Am~ ri can shad, blueback herring, and hickory shad) compris ed 

a sma ll po r tion of the catc h. 

The relative a hundance of fishes i n 1984 was simi l a r to 

19n3 (Ta~le 6 .2). In recent years the catch has 1 enerally 

b eP n domin~tPJ by gizzard shad and ca r p whereas in the ear l y 

ye~r s of Lift operation the catche s were dom inated by 

a l osi~s ( primarily blueback he rr ing) a nd white per ch . 

The total catch of 510 alosids in 1984 was the l owes t o n 

record since operation be gan in 1972 (Table 6.2). Ho~ever, 

the c ~tch ~ f American s hJu (167) ranked fourth by year . The 

low numt 0 r of a l osids col l ected in 1qs4 was gener ally a 

r esu l t of f e w riv~r herrings be inq captured. The catch of 

al e wife, b l ueback herring and hickory shad was 26 , 3 11, and 

6 individua l s , r es pective ly. 

The fi r st American shad was Cd pture d on 3 Mcly at a water 

te~peratu r e of 59 F (T~b l c 6 . 3). Most Ame ri can shad (138) 

w~re ca p tu r ed h etwee n 23 and 29 Ma y when wat e r temperatures 

ran ye o from 6 1.7 t o 6 9.9 F and natura l rivP.r flows ranged 

f r om 4 q ,500 t o 60 ,900 cfs. Ove r 40% of the Ame r ican sha ~ 

were col l ected on 27 Ma y at a water temperature of 68 F . 

~ome 150 A~erican ~hud were floy t a~ged in lQA4; six 

shad wer e recdr tureJ . Three wer e r ecaaturec d t t h e Fish 

lift . One fis~ w~s t a ke n b y a soa r~ a n J l e r i n t h~ t i jal 
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oort ion of the Susruehanna Ri ve r o f f Wi l ey ' s Sh i o Ya r u in 

Po rt D~posit • MO . Two shad were caµtu r ed by commt rci a l 

nett~rs, one w~s co ll ec ted in De l awa r e Bay and the other was 

c ollected in the Atl a ntic Ocean off the coast of Maine. 

Seve n Ame ric an shad tagged by the Maryland DNR in the 

tai lr 1ce wer~ recap tured at the Fish Lift. 

Da~a on s~x, m~an fork l ength , and aqe st ructu r e ~f 

AmP ri can shad co ll ected in 1qa4 a r e p r esented i n Tatle 6.4 . 

Ei r,h te en shad were r etu r ned to the tailrace p rior to 

obta inin 1 any data in an e ffort to prevent n1o rtaliti es that 

~i g ht have occu rr ed due to weakened cond iti on of the 

Si)Pc i menc; . The sex ratio of the remai ning 149 specim""nr. was 

2 .17!1, male to fernole . Males ran ged in ag~ fr o m III t o V 

yea r s anrl we r e dominated by IV year o ld s . Femal es rang e d in 

aqP fro m IV to VII years and we r e dom indted by VI ye3 r o l d s. 

One IV yPa r o l ~ mdle was a r epea t spawner whi l e the oth@ r 

sn3d examined were virgins . 

The r~lative ef ficiencv (numbe r of American shao caught ) 

o f t he Fish l i ft was nighest at l owe r river flows. The 

opPration of the Fish lift had be~n mod ified in 198 2 in an 

effort to incr ease the relative e ffici e ncy of t he Lift 

( SP.AF!-\( 1983). Fi~ures 6 . 3 to 6 . S show the catch of 

Americ a n shad a t the Li ft by day . r1ve r flow (cfs) a nd water 

temper tu r e ( F) for 1,:,82 t o 1ria4 , r esoectively. A,ii e ri can 

shad have bePn collected at river flows that ranq~d from 
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15,400 cfs to 80 , 500 cfs and at wate r temperatures that 

ranged from 5i.Q F to 74.a F during those years. Generally, 

as flows decreased the catch of American shad increased. 

Station operation also dppeared to influence th~ 

relative efficiency of the Fi s h lift. At river flows below 

85,000 cfs, the number of turbines in oµeration deter .nines 

the volume of water discharged to the tailrace and thereby 

tail rac e confiquration. Figur~ 6 .2 shows by time the volume 

of dischnrQe (cfs) at Conowin go Dam on 21 May when ave rage 

daily river flow wns 55, 100 cfs. Flows in the tail race on 

27 May varied fr0m a low off-peak qenerat i on level of 10 ,UOQ 

cfs to a µeak qeneration level of approximately 65,000 cfs. 

The Cdtch nf American shad decreased stead ily as ~eneration 

increaseJ. 

The ndttern of increased catch with decreased qeneration 

is re~eated throu~hout 193 2 throuyh 1984. The catch/hr of 

American shad at dischar~es S 5,0UO cfs, 10,000 cfs t0 

40,COJ cfs, ~40,000 cfs was 13.9, 5.9 and 1.0 shad , 

res pective ly (Table 6 e?) • The data were further examined to 

detect the effect of the ooeration of Units No . 1 and 2 

(Units locnted close5t to Fish Lift). The catch of 4~erican 

shad was general ly high~st at al l the afo rementioned levels 

of disch~rqes when Units No . 1 and/or 2 were not in 

OpPration. Thus, thP r elative efficiency of the Lift is 

g redtest at lower ~ i scharges and/or when Units l dno/o r 2 

are off. 
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Th~ lowdr nu~ber of American sha d captured in 1983 and 

1qs4 compared with 1Q62 was in part due to the hi gh spring 

time natural river flows in 1983 and 1984. Because of the 

high soring flows in 1983 and 1984 • most Lift operation 

occurred simultaneously with full peaking generation and/or 

at spills. The amount of time the lift operated in 1983 and 

19S4 dt hioher levals o f gene ration was greater tnan in 198 2 

(T ao l e 6 . 6) . The lower ove rall lift efficiency and 1 imited 

Lift operation in 19~3 and 1Qo4 compared to 1982 contributed 

to the lower c3tches of American sha~. 

most American sh3d wer e captured, historic lo~ natural river 

flows occurred . 

Tn e reduced efficiency of the Fish Lift at ti mes of high 

qene ration may indicate either thdt American shad are not as 

s usce~t 1blP to capture under these conditions o r that tney 

utilize other areas of the river. ~oat anglers hdv~ 

collected Am~rican shad by hook and line in a rest ricted 

location (about 500 ~q.ft .) a long the AdSt side of the 

tail race. This is an ar ~a , aoout 100 ft downstream from the 

r eta inin 1 wall, historicdlly fished for shad by anglers, 

particul~rly at times of higher 1~nerat ion (RMC , 1979). 

Shad app~rAntly utiliZP this restri cted location during 

tiMes of pPak ~enerat ion . However , the number of shad using 

this area appears to be sma ll. Radiota~q ins stunies have 

indic ~t ed that only a small pe rcentage of s~ad utilize the 

tail race; ~ost util lZe the ti Jal porti~n of the river. 

6-9 



No transoortation of American shad or ot~er migratory 

fishes occur r ed in 1Qd4. On 27 ~ay a sufficient numb e r of 

sh~d {~8 ) were collected, however, due to their advanced 

sexual condition they were floy t agged and released back to 

the tailrace. 
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TA ~L~ ~. 1 . List of sc ientifi c and common names of fish~s 
collected ~t the Conowinqo Fish lift, Spring 
~972-1 982 ( acco rding to Ba iley, et a l., 1970 ). 

Sc i en t ific Name 

~am1ly - Pe tromyzont idae 
Pe t r omvzon ma rinus 

Family - An~uilli dae 
~n quill3 rostrata 

Family - Cluoeidne 
4losa ae~tiva lis 
~12~2 med i ocris 
~12~~ QS 0 udoha rengus 
!l~ ~~i1i~~ma 
~r evoo rti a tvrannus 
~o r osoma c~~dianum 

Family - Sal mon i dae 
Sa lmo oair dne ri 
Salmo trutta 
Salvelinus fontinalls 
s. Fontinalis X 

S • !:!2£!)::!YS~~b 

Fami ly - Co r ego nidae 
Coregonus artedi i 

Family - Esocidae 
E~2~ !:!i92!. 
,...sox l ucius 
Fsox masguT nonsy 
E. _masgu i no n:1y x 

~ -l!:!S.i~~ 

cam il y - Cy pri nidae 
carassius aurdtus 
Cy2r ini us carQiO 
Nocomis T icro2ogon 
Notem i nonus crysol eucas 
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Corrmon Name 

lamp r eys 
Sea l amp r ey 

Freshwater ee ls 
Ame ric an ee l 

Herrings 
Blueback herring 
Hickory shao 
Alewife 
American shad 
~tlantic menhdd9n 
Gizza rd shan 

Trouts 
Rdinbow trout 
Rr own trout 
Brook trout 

Sp lake 

Wh i te Fishes 
Lake hr rrins 

P i kes 
Cha in picke r e l 
"lurthern p i ke 
Muske ll unge 

Ti ger rnuski..: 

~ i nno·,is and c. ir J:' S 
Gol dfish 
Carp 
Q.ive r chub 
Sol den s hiner 



TABL= 6.1 Continued. 

Scientific :\lame 

Family - Cyprin1dae (continued) 
~.Q!:.[Ogis sp. 
~.Q!!.£21~ 2!!}0eQ~1 
~.Q!.tOQiS hudsonius 
~21!:QQl~ D!.S?S.!!~ 
~21!.QQi~ I~Q~!lu~ 
Notrog is sgilogterus 
PimegnalPs notatus 
Rh inichthys ~tratulus 
Rninicht~s cataracta 

Family - Catostomictae 
Car2iodes cy_Q rinus 
Cdtostomus coTI~erson i 
~rimyz0n oblongus 
HyQent~ l ium ni q ricans 
Moxos tom a mac r o l e12 i dot um 

Fam i 1 y - I ct 31 u r i d a e 
Tctalurus cutus 
Ictdlurus nata l is 
Icta l~!.~~ n~b'Jlosus 
tctalurus Qunctatus 
~ot~2 sp. 
Notu r us i ns i 1nu s 

Family - uPlonidae 
5trongy1ura marina 

Family - Cvprinodont i da~ 
Fundulus heterocl itus 

Family - PercichthyidaQ 
~2!.2Q~ £~~!.!CaQ2 
~orone s~xatil is -----:"1 . 
M. 

saxatil is x --------
£hrY2QJl~ 

Common t-.ame 

Shiners 
Come l y shin-,! r 
Spottail shinef' 
Swal 1 owta i l Shiner 
Rosyfa c: shiner 
Spotfin shiner 
Bluntnose minnow 
Blacknose doce 
Lo ngnose dace 

Suckers 
Quill back 
white sucker 
Creek chubsucker 
No rthern hogsucker 
Shorthead redhorse 

Freshwater catfishes 
f'lh ite catfish 
Yellow bullhead 
Brown t.,ullhead 
Channel catfish 
Mad tom!> 
Ma rgine d mar1tom 

,~eed l ef i shes 
Atlantic need l efish 

K i l l i fishes 
Mummichog 

Temperate basses 
Wt">ite pe rch 
Striped nass 
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TA BL ~ 6 el Continu~d . 

Sc ientific ~~ame 

Fam ily - c~n~ra r chidae 
AmbloQli tes ru2es tris 
Le2omis auritus 
L~omis cy~nellus 
Leoom ic; o ibbosus 
lgQomi s macrochirus 
Micr_QQte rus dolo~ ieui 
~ic roQterus salmoides 
Pornoxis 3nnularis 
Pomoxis ni3romacu latus 

Family - Po rcidae 
Etheostor a olmstedi -~------- ----~~ Ftheostoma zon~ l e 
Per ea fl avt>"Jct:?ns 
Stizos~ ~~ion vitre um 
Percina ca~ rod~s 
Percin a _ee ltata 

Common Name 

Sunfishes 
Rock bass 
Redb reas t sun fis h 
Gr een s un fish 
Pumpkinseed 
Bl ueg ill 
Small mouth bass 
Largemouth bas!:. 
White crappi e 
B 1 ac k c r app i e 

Pe r ches 
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Tessellated : a r te r 
Banded darter 
Ye 11 ow pe rch 
wa ll eye 
Log perch 
Shield ddrter 



TABLE 6.2 Comparison of annual catch of fishes in the Fish Li ft, 1 Apri 1 - 15 June, 1972-1984. 
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TABLE 6.3 

Daily summary of the catch of fishes in the Fish Lift for the 1984 spring operation. 

' OATE 04/03/84 04/13/84 04/15/84 04/17 /84 04/21/84 04/2)/84 04/i5/IS4 04/27/84 
NO. llFTS 11 10 . 10 1 12 9 l l ll 
flltST lier 610 7)0 608 6U5 600 715 600 600 
LA'iT llfT ll 5q 1)07 1204 930 1200 1200 1200 l:? 00 
OP ERA T t NG TI JiE 5.52 5.62 5.93 '3.42 t.oo 4.75 6.00 6.01) 
FlSHlNG TT~E(HRJ 4.11 4.25 4.50 2.75 s·.00 3.8) 5.11 " 5.11 
AVI: RIVER FLOW 91800 87600 737 00 95600 100000 89700 "'13S00 82200 
AVE WATER TEMP. 45.6 50.9 51.8 51.8 51.8 51.8 50.9 52.7 
ATTRACTA"IT USED? NO NO NO NO NO NO NO YE'i 

-------------------------- ---------- --------- --------- ---------- ---------- ---------- ---------- ----------
AMER tCAN EEL 1 4 4 2 
BLUE~ACK HERRING - - ) 

HICJc.ORY SHAO - - - 2 - - - 2 
ALEWTFF. - 1 2 2 3 2 1 
AMER lC. AN SHAO 
GlllARO SHA.> 2 540 2182 238 1362 2095 3179 1888 
RA(NBCW TROUT 
E'ROW"'I TROUT - - 1 - - \ l l 
CARP - - - - - - J l 
GulOl:N SHINER 
cor-:EL Y S41NER 

°' 0Utll811C.K 1 - - - - - - 1 
I WHJ TE SU(KER l z 7 1 5 l 1 l ..... 
°' SHO~THEAD REOHORSE - l 5 - 2 - - 10 

WHTTE CATFISH - 2 
YELLIJW BULLHEAD 
~A.Ol,N ~ULLHEAO - 4 l 3 
CHIINNEL CATFISH 389 11 2 1 l 1 - 1 
WHITE PERCH 
STRtPEO SASS 
ROCK oASS - - l 
RE08REAST SU~fISH 
GREE"'I SUNF l SH 
PUMPKI"'ISEED 
BLUEGILL - - - - - - 1 
SMILLMOUTH BASS 
lA«lGl:MOUTH BIISS 
WHlTE CRAPPIE 
Blt,CK CR.APP IE • - - l 
YELLOW PE~CH - - 10 - - - - l 
WALLEY~ 1 l 1 - 2 - - 1 
SE4 lA1"PPEY - l - - - - l 
STDIPEO BASS X ~HtTE BASS - l 25 4 6 3 2 5 
nr.er:t MUSKTE 
BROuK TROUT X LAKE TROUT 

:'::::: 2 ===== :.:::::: -====== .. === ==-= ::z::: ::::r:: ::==== 
395 568 2245 253 1381 2103 31a9 1112 



TABLE 6.3 

Continued. 

OATE • 04/2q/FJ4 05/01/84 05/03/84 05/05/84 05/06/84 05/07/94 05/0q/84 05/11/84 
NO. l lFTS ll 15 14 24 2) 12 12 12 
FlqST tIFT 510 500 ,505 508 505 508 520 505 
tAST t IFT 1100 1101 105'; 11300 1601 1101 1052 1101) 
OPEI\ATTN:i TIME 5.83 6.02 5.83 12.87 10.q3 5.88 5.53 5.q2 
t=ISHINC T[HE(HR) 5.00 4.11 4o67 10.83 8~ 78 5.18 J.so 4.33 
AVE Jl[VER FLOW 6qzoo 58900 52600 60600 61700 64100 66300 4 58700 
AVE WATEq TEMP. 55.4 56.3 5q.o 5~.o 5q.o 59.0 58.l 57.2 
ATTRACTANT USED? NO YES NO NO NO NO NO NO 

------------------------- -----·----- ---------- --------- ----------- ---------- ---------- --------- ----------AMERICAN EEL 2 1 3 3 5 1 5 2 
BLUEB~CK HERP.INC - - - l 1 
HICKORY SHAO 1 l 
ALEklFE t 1 1 
lHERlCAN SHAO - - 1 2 3 - 1 
CIZZARO SHAO 6730 48810 43q50 49500 60070 2q75 41010 37300 
RAlNl30W TROUT - 1 
BROWN TROUT - 4 3 l 2 - 2 3 
CARP 5 18 9 zq 17 2 10 8 
GJLOEN S"'IINER - - l 
COt-'EtY St-lINER - - - 1 
OUltLB•CK - 5 19 t - 3 

(j'\ WHITE sui:KER 2 5 10 7 q - 1 
I SHORTHEAO RcOHORSE 30 103 61 41 28 - 11 5 .... WHtTE C.A"TFIS ... '-I 

YELLOW 3ULlH:AO 
9 ROWN BULL HE~ 0 - 1 - 25 5 
CHANNEt CATFISH 15 329 49 484 222 414 90 63 
WHITE PEPCH 1 6 44 41 76 147 21 275 
STRtPED BASS - 4 5 3 . 2 z 4 l 
P.CCK BASS - 2 10 15 12 l - l 
REDBREAST SUNFISH - - - z l 1 
GREEN SUfllFISH - - - 1 l 
PUl"PKlNSEEO - - l 1 
BLUEGILL - t 3 2 - 1 3 l 
SHALlHOUTH SASS 10 10 4 8 36 - z 3 
LAllGEHOUTH BISS - - 1 - l 
WHlTE CRAPPIE - - - 1 
BLACK CRAPPIE - - - - 1 - - 1 
YELLOW PEKCH • 2 9 9 20 20 3 1 
WALLEYE 1 3 14 2 17 
SEA LA'1PP.EY - l - - 1 
STPIPcO BASS X W~ITE BASS ll 23 35 11 4\ - 3 z 
TtGER ~USKtE - - 1 - 2 
BR~OK TROUT X LAKE TROUT - - - - 1 

==-==== ====:2: :::::: :::::-: ::-:-:c:: ::2:2: :s:a;z a::::: 

68ll 49336 44235 5ozoz· 60574 36l0 4l 164 37665 

continued 



TABLE 6.3 

Continued. 

' OATE 05/13/84 05/15/84 05/17 /84 05/19/84 05/20/84 05/21/84 05/23/84 05/24/84 
NO. LIFTS 14 ll • 11 12 11 12 20 Z3 
FI o ST LIFT 503 500 520 510 507 458 505 505 
LAST LIFT 1110 1103 11 l l l lOS 1000 1100 140 lJ'H 
OPERA TlNG Tl'-'E 6.12 6.05 5.85 5.92 4.88 6.0) 20.58 • 5.55 
FIStHNG Tl"1E(HR) 3.50 2.s8 4. 75 5.00 3~68 5.08 6-60 6.42 
AVE RIVER FLOW 57900 75400 82600 634ov 55800 52300 59800 60900 
AVE WATE~ TF.~IP • 58.1 60.8 sc,.o 5e.1 58.t 60.0 61.7 64.4 
ATTRACTANT USED? NO YES NO YES NO NO YES NO 

------------------------- ---------- --------- --------- ----------- ---------- --------- ----------- -----------AMEFI IC&N EEL 1 7 3 2 3 4 2 
BLUESACK HERR1"4G - - -
HICKORY SH.li) 

- - z - z 
AU!oi!F!: 
&MF.RICAN S~AO 1 - - - 1 - 6 13 
GI ZZARO SHAO 59075 12350 18750 23685 37665 31825 27100 39~60 
RAlN90W TROUT - - - - - l 
B~fl\.iN TRIJU T 4 6 2 2 4 3 4 4 
CARP 11 l70 9 12 1 17 997 882 
GOLDEN SHl'IIER • - - - - - - t 
COMELY SHINER 

0\ OUTLLBACK - 31 - - - 13 281 270 I ..... WHtTE SUCKER 3 3 - 1 1 l 4 3 
00 SHORTH~AO REDHORSE lt9 212 54 52 74 222 563 766 

WHITE CATFISH - - l - 1 
YELLOW 3ULLH':AD - 1 
~RfJ~~ 9ULLHEA0 1 2 - - - 1 - 1 
CHANI\IEL CATFISH 61 265 515 138 105 263 1,q 217 
WHITE PcQ(H . 187 2132 55 8 . 88 212 1205 33 
STRIPED BASS - l - 1 - 4 6 6 
ROCK BASS 7 13 4 - 2 3 4 4 
REDBREAST SU~FISH 2 z - - 2 2 - 8 
GREE'II SUNFISH - l - - 1 
PU"PKINSEED - 1 - - 1 l 1 4 
BLUEGILL '5 '5 t l 5 l 1 '5 
SMALLHIJUTH SASS IO 36 l) 1 6 q 103 125 
LARGEMOUTH sass - - - - - - - 1 
WHlT!: CRAPP[': - l - - 1 l 2 1 .. 
BLICK CRAPPIE 
YELLOW PERCri 4 7 4 ) 3 15 13 5 
WALLEVc l l - l 2 6 1l l'? 
SEA LAMPPEY 
STPIPEO PASS X WHlTE SASS 4 3 1 l z - 3 3 
TIGER ~'USKIE l - l 
BROCK TROUT~ LAKE TROUT 

====== - ----------- ====== =====~ :.=:=== ====== ===-=== ------------
59427 152 50 19413 l39l4 37974 32686 3041b 41432 

cont:1-nued 



TABLE 6.3 > 

Continued. 

DATE • 05/25/94 05/26/!34 05/H/84 05/28/84 05/29/84 06/06/84 06/08/84 06/10/94 
NO. l TFTS 25 28 25 26 26 20 l) 12 
f[RST llFT 503 455 ,sos 505 504 500 505 505 
tAST tJFT 605 1143 1752 1138 1554 1522 1100 1055 
OPERHTNG TIME 1.0 3 12.80 lZ.78 12.55 10.83 10.31 5.92 5.83 
FISHING lt"E(HR) 10.12 7.67 9-67 10.05 1.so 1.sz 4.62 4.92 
AVE PIVER FLOW 56500 54300 55100 48500 55900 54000 40900 4, 35400 
AVE WlTEll TEMP. 66.2 67.0 68.0 68.0 69.9 65.3 68.0 69.? 
~TTRACTANT USED7 NO NO YES NO NO NO NO NO 

--------------------- --------- --------- ----------- --------- ---------- ---------- --------- ----------
AHEP J CAN Ht 3 2 3 10 6 l 15 1 
8LUEB.\CK HERRIN(. 36 2 llZ 18 13 2 2 49 
HICKORY SHAO 
ALEWIFE 3 - 9 
AMERJCl~ SHAD 23 11 68 z 15 1 4 8 
GtZZA~O SHAO 25850 77600 311t50 45270 31225 66050 29900 171' 00 
IU 11';80:4 TROU·T 2 - 1 
BRnw•1 TR'JUT 8 4 5 4 6 18 9 14 
CARP 605 637 542 206 2242 344 1 c; 3 22 
GOLDEN SKINER l l l - 1 - - 2 
CO~ELY SHitlER 105 - 30 
OUT LL BACK 581 51 26 ,. 2 310 99 135 3 

a-. WHITE SUCKER 8 3 7 2 9 4 4 1 
I SHORTHEAO REOHQRSE 466 226 190 53 128 53 61 1 .._. 
"' WHITE CATFISH 12 2 4 3 18 6 5 3 

YELLOW BlJllHEA') 2 - - - l - 1 
"ROWN '3UllHEAO 5 2 2 1 1 - 2 l 
C!-i,O;'lEt CATFISH 98' 3580 3640 2680 1975 1095 505 205 
WHYTE PERCI-I 59 35 116 441 

. 
524 38 \ It 8 155 

STII toEQ eASS 8 6 3 10 6 19 10 3 
ROCK S ASS 21 7 7 19 3 1 4 5 
~EOBREAST SU~FTSH 29 13 28 51 16 8 49 64 
GREEI\I SU'IF l SH - l - - - 1 
PlJ"\PKTIIISHO 6 - 1 16 3 2 18 21 
et:JEr.IlL 13 - 17 35 3 5 15 42 
SMALLHOUTH SASS 99 34 10 10 4 32 \lt T 
LARGEMOUTH BASS - - 1 - 1 - . - 2 
WHITE CRAPPIE 2 - 4 3 l - z 7 
BLAC.K CRAPPIE - - - - - - l 2 
YELLOW PE'RC.H • 17 22 36 12 2 24 5 12 29 
WALLEY'= 23 13 l7 20 11 8 10 11 
SEA LA:4P~EY 
STOIDEO SASS X WHITE e,ss 4 l 1 3 l 3 5 ,. 
Tl';ER MUSKIE - - l - 1 - - 1 
BROCK T~ OUT X l~KE TROUT - - - l. - - - -

:::::: - ----- :-===-=: :::::: ------ ------ sz:-:::: :::::-:: ------ ------ ------
28981 82253 36398 ~9022 36554 67795 31084 18)69 

continued 



TABLE 6.3 

Continued. 

DATE • 06/12 /64 06/14/64 TOTALS 

NO. U FTS 15 l 1 '519 
FIRST LIFT 45'5 '500 
LAST L tFT ll05 1030 ' 
OPERATING Tl14E 6.17 5.50 2'50.11 
FISHING Tl~E(HRI 4.92 4.'50 l'H.71 
AVF R [VER FLOW 26100 24200 
AV!;: \.IA TER TE"IP. 73.4 78.8 
ATTRACTANT USE07 NO NO 

-----------------~------- ---------- -------·--- ---------
l.~E~ tCAN EEL l7 36 155 
qLUE~ACK HERRl~G 6 - 311 
H IO,ORY SHAO - - 6 
ALE~lFE - - 26 
A"IEI< TC AN SHAO 1 - 167 
GIZZARD SHAO zsqoo 10360 912,666 
RAtNSO~ TROUT - - 5 
BR!J~N TR~UT 16 q 141 
CARP 104 890 6 • l' l l 
GOLDEN SHINER - - d 

C:J"IELY SHINER 700 3'5 871 

QUtLLO.\CK 26 44 1,q4z 

°' WHJTE SUCKER l l ioq 
I SH1JKTHEAD REQHORSE - - 3,467 

N ~HITE CATFISH '5 l '5 77 
0 

YEllOW BUllti~A~ - l 1 

BR!"l\,;N BULLHEA.> 2 3 69 
CHAt.NEl CATFISH 365 1 '52'5 20,479 

WI-ITTE PEQCI-I l 9'5 160 6,402 
STRIPED SASS 29 48 1s1 
ROCK BASS 4 z l '5 6 
RE06REAST su~FISH 101 86 't6 5 
GREEN SU~F JSH - l 7 
PIJ"IPK l'ISEEC l 't 11 104 
SlUEGtll Bl 37 264 
SMl.LLMOUTH 6', SS 15 l 608 
LARGEMOUTH a•ss l - 8 
WHYTE CA.APPi:: 1q 14 '51 
BUCK (RIPP IE - - 6 

YEllOW PERCH .. 4S 46 487 
WALLEYE 22 17 2 36 
SEA LA"1PQEY - - 4 
STQJPEO flASS X WHITE BASS 27 38 282 
TI~ER MUSKIE - 2 10 

BRQCK TRCUT X LAKE TROUT - - 2 
:c:::::: :===-== =======-== 

27724 13404 9'57,821 



'1e3n for'< l t:ng th (mm), age, an.1 sex of American shad 
collected at the Cono wing o Dam Fish lift in 1984. 

SE')( Arc " - ME .!. N 
iUt-..GE --------------------ti.I N MAX 

------~------------~------~-------------~----~-----~--------
~ ... I I1 L3 324 293 36B 
~ TV 8 l 384 336 4 1 5 

'" V 3 451 430 4b2 

F TV '3 4 lJ 396 424 
F V l () 4 71 43 6 515 
F \J I l 'l 506 457 5o0 
F VII 11 538 502 5 t. ,3 
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TA SU: 6.5 . 

Sum~3ry of American sn~d catch at various generation levels 
and operatin1 status of Units No . 1 and 2, l May to 31 ~ay , 
l 9 3 l t o l ,, S 4 • 

Tota1 • Tot a l 
Dischar~~ Minutes Shad Shad/hr 
(l,JOO cfs) Unit l Unit 2 Fished Collected 

-----~---~-----~--~-~------~---------------~---------~-
<-_, aF :: CN 575 19 
~5 OF:: OFF 4736 1121 

-----
5311 123 0 

l0-4J Ql\j o·~ 531 11 
1 1...'-l.J ') ; J OFF 30 0 
l')-40 OF!= G'l 151)Q 2C3 
l ".: -4 J OF 1= CFF 2732 2 55 

-----48Jl 469 

>4 0 Oi~ oq 133d 5 173 
>40 n~ CFF 35 0 12 
>4 0 ,.., PF C"l 1273 30 
>4Cl OF-= OFF 1626 65 

-----
16639 2 c:.O 

Data 1 i 1n it <:!d t o non- clean out 1 ifts taken durin ':I 
oe riods of steaJy generati~n . 
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2 . 1 
15 . 3 

1 3 . 9 

1 . 2 
J . l.) 

s . 1 
5 . o 

5 . ? 

·J . a 
2 . 1 
1 . 4 
2 . t, 

1 . 0 



TABLE 6.6 

SulllllB.ry of fish lift operation by year, number of lifts and fishing time at various generation levels and operation status of Units No. 1 and 
2 from l Hay to 31 .May 1982 to 1984. 

Total 
Discharge No. Of Minutes No. Of Minutes No. Of Minutes 
(1,000 cfs) Unit l Unit 2 Lifts 1982 Fished 1982 Lifts 1983 Fished 1983 Lifts 1984 Fished 1984 

~5 OFF ON 23 575 
-'5 OFF OFF 157 4571 _2,. 150 __ l 15 

180 5146 6 150 l -rr 
10-40 ON ON 5 171 4 120 23 240 
10-40 ON OFF 1 30 
10-40 OFF ON 46 1253 4 75 6 180 
10-40 OFF OFF 61 1937 17 445 16 350 

-rrr 3391 ---rr 640" -z;, --rm 
) 40 ON · ON 36 1181 358 6391 246 5813 
>40 ON OFF 12 350 

0\ >40 OFF ON 30 898 8 230 5 150 
I >40 OFF OFF 28 1006 22 620 - -N 

106 3435 . 388 7241 2TI ,ID l,.J 
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Schematic drawing of Conowingo Dam Fish Collection Facility, Anonymous (1972). 
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FIGURE 6.2 

Effects of dam discharges and operation of Units No. 1 and 2 on catch of American shad on 27 May 1984. 
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Effects of I"i.ver flow and water temperature (F) on the catch of American shad for 1982 • • 
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Job VII . POPULATION ASSESSMENT OF ADULT AMERICAN SHAD IN 
THE UPPER CHESAPEAKE BAY - 1984. 

Dale R. Weinrich & Mary Ellen Dore 
Maryland DNR - Tidewater Administration 
Annapolis, Md. 

7.1 INTRODUCTION 

Prior to the late 1970's, American shad had been an 

important part of Maryland's commercial and sport fisheries . 

Beginning in colonial times and continuing through the late 

1960's, shad catches ranked near the top in both pounds landed 

and dock-side value (Mansuetti and Kolb, 1953. Walburg and 

Nichols, 1967). Sport angling for shad, although a relatively 

recent phenomenon as compared to the commercial fishery, had 

generated many hours of recreation throughout the State. 

Historically, the principal shad river in Maryland has been 

the Susquehanna . Until 1980, a commercial shad fishery had 

existed in this region for over 200 years while a successful 

sport fishery had been ongoing there since the 1930 ' s . Commercial 

dockside landings of American shad from 1962 through 1973 averaged 

204,000 pounds. Forste (MTA in-file data) estimated the value of 

sport angling for shad on the Susquehanna River in 1970 to be 

$3.9 million. 

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 on the Susquehanna drainage which saw landings drop from 

VII-1 



approximately 180,000 pounds in 1970 to only 2 , 300 for 1979 . 

Concerned by the seriousness of this situation, the Tide­

water Administration of Maryland ' s Department of Natural Resources 

proposed a long term investigation of American shad in the upper 

Chesapeake Bay. The primary objective of this study was to assess 

the status of head-of-the-Bay shad stocks , specifically those 

utilizing the Susquehanna River drainage. The information 

obtained would be used to formulate management policies designed 

to restore American shad to stable, harvestable levels . To meet 

this objective, five separate jobs were initiated : estimation of 

adult spawning population, characterization of brood stock, sport 

anglinq survey, juvenile recruitment assessment, and literature 

review and survey. 

7 . 2 METHODS AND MATERIALS 

Basic capture, holding, and tagging procedures for 1984 

differed little from previous years and are described in the SRAFRC 

1982 and 1983 annual reports. Collecting gear employed for 1984 was 

a single 500' x 8' x 5~" stretch mesh anchor gill net set off Port 

Deposit, Maryland and rod and reel fished from a small boat anchored 

in the tailrace of Conowingo Dam. Pound nets were not used in 1984 

because of late start-up by the commercial operator. 
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7 . 3 RESULTS 

Tables 7.1 and 7.2 present effort and catch data for 1984 . 

As in 1983 anchor net effort was reduced over other years because 

of high river flows. However , hook and line effort increased 

in 1984; 11 trips vs. 2 in 1983. Of the 221 adult shad captured 

and tagged, 13 were subsequently recaptured; 10 within the study 

area and 3 outside. Table 7.3 provides specific information con-

cerning these 10 fish while a general summarization is presented 

below: 

a) 2 were by conunercial gears 
1 was by hook and line 
7 were by Fish lift 

b) 3 were tagged from g i ll nets 
7 were tagged by hook and line 

c) 1 fish was recaptured upstream from its initial 
capture location 

d) 

1 fish was recaptured downstream from its initial 
capture location 
8 were recaptured in the same general location 

Shortest period at large 
longest period at large 
average period at large 

= 3 days 
= 23 days 
= 11 days 

Upper Bay shad pop ulation estimates for 1984 were again cal-

culated using both the Peterson Index (3,814) and the Schaefer Method 

(3,537) . Tables 7.4 and 7.5 show how these two estimates were 

derived. 
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7.4 DISCUSSION 

High river flows during the spring of 1984 reduced gill net 

tagging effort. Because of safety reasons and net fishing 

catchabilities, the anchor gill net cannot be used to capture 

shad until Conowingo Dam reduces turbine schedule to one small 

unit. Normal spring flows permit this schedule from approximately 

midnight to 6:00 AM. However, any high river flows must be com­

pensated for with an increase in turbine usage. 

With respect to gill net efficiency, anchor gill net CPUE 

was nearly as good as in 1983 and far superior than for the first 

3 years of this study (Table 7.6), possibly indicating a larger 

run size than estimated. 

Hook and line success for 1984 was much greater than the 

previous year when only 2 trips were made and a total of 11 shad 

caught by this gear. Increased success in capturing adult shad 

for tagging by hook and line could also indicate a larger run size 

than the estimate but this conclusion is somewhat clouded by the 

substantial increase in hook and line effort. 

7.5 SUMMARY OF POPULATION ASSESSMENT 

The estimates of the number of adult shad utilizing the upper 

Chesapeake Bay for 1984 as calculated by the Peterson and Schaefer 

methods were 3,814 and 3,537, respectively. This compares with 

1983 estimates of 7,127 and 8,031 for these two statistics . 
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Increase in hook and line captured shad along with con-

tinued high anchor gill net efficiency indicate a possible larger 

spawning run for 1984 than presented by the two formal estimates . 

7 . 6 ADULT POPULATION CHARACTERIZATION 

The following information was collected from adult American 

shad durinq the 1984 tagging operation. Table 7.7 breaks down 

these spawners into their respective age groups and also notes 

incidence of repeat spawning. 

Variable 

Sex 
Sex ratio 
length 
weight 
age 

No. 

c! 

121 
1 

121 
1 

121 

of Fish 

Comparison between 1984-1983: 

Observed 

~ 

130 
1. 07 
130 

1 
130 

Slight shift in sex ratio to almost 50:50 

Definite shift to younger age groups primarily with 
hook and line captured adults 

Increased incidence of repeat spawners; 9 . 2% in 1984 
vs . 4 . 3 for 1983 

7.7 SPORT ANGLING SURVEY 

The 1984 DNR lower Susquehanna River creel survey began on 

April 7 and continued through June 29. The following information 

was collected during this period. 
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A. Effort/Catch Data: 

- estimated# anglers= 20,230 
estimated hours fished= 60 , 787 

- estimated catch = 137,979 

B. Estimated Sport Catch of American Shad 

1980 = 8 
1981 = 118 
1982 = 266 
1983 = 132 
1984 = 351 

c. Catch Per Angler Hour and Hours to Catch 
1 Fish 1983-1984 

1983 1984 
SEecies CPAH HTC CPAH 

White Perch 1. 19 0 0.8 0.744 
Striped bass 0 . 027 37.2 0.298 
Channel 
catfish 0.248 4.0 0.208 
Herring 0.008 12 4 . 9 0.013 
American 0.001 1,311.3 0.006 
shad 

HTC 

1. 3 
3 . 4 

4 . 8 
75.7 
172.4 

D. A significant change was noted for the estimated sport 
catch of hickory shad in 1984 . Catch and catch/effort 
data for this species are presented as follows: 

Year 

1980 
1981 
1982 
1983 
1984 

E. 

Est. Catch CPAH HTC 

27 0 . 0002 5,000 
39 0.0002 5,000 
10 0 . 0001 10,000 

0 o.o 
292 0.0048 208.3 

Key Points 1984 vs 1983: 

-170% increase in estimated sport catch of American 
shad 

-Significant change in catch and angler success for 
hickory shad 

- Decrease in both estimated angler pressure (32%) and 
total catch (64%) over the previous year 
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7.8 JUVENILE RECRUITMENT SURVEY 

Collection techniques were identical for the 1984 Department 

of Natural Resources upper Bay juvenile recruitment survey . 

Sampling was with a 200' x 10' x ~ " small haul seine and a 

16 ' headrope modified otter trawl . Sampling was on a bi- weekly 

basis with 8 seines and 6 trawl stations being sampled. No 

young- of- the- year American shad were collected during this 1984 

sampling. Catch compositions for 5 important finfish species 

is presented in Table 7.8. 

Comparison of 1984 vs 1983 juvenile sampling noted increased 

catches for alewife and blueback herring, striped bass and white 

perch for 1984. However, numbers of young clupeids remains low, 

especially American shad. Reproduction for this species is still 

below detectable levels indicating either reduced egg production 

from the rermant brood s tock, adverse environmental conditions, 

causing high egg and larval mortality, chemical contamination, 

or all of the above. 
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TABLE 7 .1 Dates fished by gear type during the 1984 upper 
Chesapeake Bay American shad tagging operation . 

GEAR TYPES 

DATE ANCHOR GILL NET HOOK & LINE 

May. 4 X 
5 
6 
7 
8 
9 
10 X X 
11 X 
12 
13 
14 X 
15 X X 
16 X 
17 
18 
19 
20 
21 X 
22 X X 
23 
24 X 
25 X 
26 
27 
28 
29 X 
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TABLE 7.2 Comparison of the total catch, number tagged, number 
dead, and percent perceived net mortality by location 
and gear type for adult American shad captured during 
the 1984 upper Chesapeake Bay shad tagging program 

• 
ear Type Location Catch I Tagged toe ad Mortality 

nchor gill Susq. River 125 122 3 

ook & line Susq. River 126 99*** 5 

ono. trap Susq. River 1ss* 

TOTALS 409 221 8 

* Fish lift catch minus RMC recaptures of their tagged shad 
~* Final observed gear mortality based on DNR efforts only 

*** 27 fish not tagged via hook & line capture below 350 mm 
length minimum 

TABLE 7.3 Capture-recapture dates, locations and gear types 
for 10 American shad recaptures during 1984 program 

2. 4 

3.6%** 

ag Recapture Tagging Gear Recapture Gear 
ate Date Location Location 

/1 1 5/22 Susq. R. GN Susq. R. GN 
/ 15 5/24 Susq. R. GN Susq. R. FL 
/ 16 5/26 Susq . R. HL Susq. R. FL 
/ 14 5/27 Susq . R. HL Susq. R. FL 
/ 14 5/27 Susq. R. HL Susq. R. FL 
/15 5/27 susq. R. HL Susq. R. FL 
/16 5/27 Susq. R. HL Susq. R. FL 
122 5/27 Susq. R. HL Susq. R. FL 
/24 5/27 Susq. R. HL Susq. R. FL 
/22 6/14 Susq. R. GN Susq. R. GN 

GN - gill net HL - hook & line FL - fish lift 
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TABLE 7.4 Population estimate of adult American shad utilizing 
the · Susquehanna River, Susquehanna Flats, and the 
Northeast River fc,r 1984 by the Petersen Index . 

Chapman• s Modification to the Petersen Index-

N = (M + 1) (C + 1) population estimate where N = 
R + 1 #offish tagged M = 

For the 1984 

C = 188 
R = 10 
M = 221 

Therefore -

N = (221 + 

= 3,814 

Survey -

1) (188 + 
10 + 1 

C 
R 

l.) 

= 
= 

i of fish examined for tags 
# of tagged fish recaptured 

From Ricker (1975): Calculation of sampling error using the 
recapture numbers in conjunction with a 
Poissc,n distribution approximation and 
acceptable confidence limits 

Using Chapman ( 19 51) -· 

N* = (M + 1) (C + 1) 
R~ + 1 

LOWER N* = (221 + 1) (188 + 1) 
18.4 + 1 

UPPER N* = (221 + 1) (188 + 1) 
4.7 + 1 
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TABLE 7.5 Population estimate of adult American shad using the 
Susquehanna River and Flats, and the Northeast River 
during 1984 by the Schaefer Method. 

A. Recoveries of American shad tagged in successive weeks listed 
according to week of recovery; totai tagged each week; and fish 
recovered • . 

Week of w E EK of T A G G I N G tagged fish total 
Recove'cy ( j) l 2 3 4 5 6 7 recovered fish 

(R.) recovered J 
(Cj) 

l 0 0 
2 0 0 
3 0 41 
4 0 131 
5 2 2 83 
6 6 2 7 113 
7 1 1 18 

Tagged fish 
,recovered 0 0 0 7 3 0 0 10 

(Rj) 

Total fish 0 0 31 108 61 21 0 221 386 
tagged 
(Mj) 

M·/R· J J 
0 0.0 0.0 15.4 20.3 0 0 

B. Computed totals of American shad in the Susquehanna River and Flats 
and the Northeast River during 1984. 

Week of 
Recovery ( j ) 

1 

2 

3 

4 

5 

6 

7 

Totals 

1 

Week of Tagging 

2 3 4 5 

1,278 

1,240 654 

365 

2,518 1,019 
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6 7 Totals 

1,278 

1,894 

365 

3,537 

Cj/Rj 

0.00 
o.oo 
0.00 
0.00 
41.5 
16.1 
18.l 



• 

TABLE 7.6 Catch, effort and catch per unit effort (CPUE) for adult 
American shad captured by anchor gill nets during the 
1980-1984 upper Chesapeake shad tagging program. 

Anchor Gill Total Yd2-hours Yd 2-hours to 
Nets Year Catch net fished catch 1 shad 

1980 115 31,600 275 
1981 228 59,591 261 
1982 277 93,200 336 
1983 213 8,311 39 
1984 125 7,822 63 
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TABLE 7.7 Age frequency distribution and spawning history by sex 
and gear type for adult American shad collected by 
Maryland DNR during 1984 . 

GEAR TYPE SEX AGE GROUP TOTALS 
III IV V VI VII 

Anchor Gill m 10 27 7 44 
Net rpts. 1 12 3 16 

f 3 48 28 2 81 
rpts . 2 5 7 

Hook & Line m 30 33 8 5 76 
rpts. 

f 11 24 19 3 48 

Grand Totals m 30 43 35 12 120 
rpts. 1 12 3 16 

f 14 72 38 5 129 
rpts. 2 5 7 
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TABLE 7.8 Juvenile catch composition of five species taken durinq juvenile 
recruitment survey in upper Chesapeake Bay and Susquehanna River , 
1980-1984. 

Species Gear 1980 1981 1982 1 983 
total CPUE total CPUE tota l CPUE total 

American hs 0 0 . 0 0 o. o 0 0 . 0 0 
shad ot 0 o.o 0 0 . 0 ]J 0 . 01 0 

Blueback hs 108 0.6 2 0 . 01 130 0 . 8 1 
herring ot 27 0.3 0 o.o 8 0.1 2 

Alewife hs 194 1.1 108 0.8 14 0.1 4 
herring ot 38 0. 4 33 0.4 14 0.1 6 

White hs 1315 7.2 174 1. 3 1660 10.1 208 
perch ot 1453 14.4 347 3.8 3973 37.8 553 

Striped hs 55 0.3 8 0 . 1 235 1. 4 8 
bass ot 8 0.1 0 0 . 0 49 0. 5 2 

hs=haul seine; ot=otter trawl 

1984 
CPUE total CPUE 

o.o 0 o. o 
0.0 0 o. o 

0 . 01 40 0 . 315 
0 . 02 17 0 . 21C 

0.03 11 0.087 
0 . 06 49 0 . 721 

1. 5 914 7.197 
5.5 2410 35.44 

0.06 22 0.173 
0 . 02 10 0.147 
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