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ERRATA SHEET 

Sull1Tlary (page ii) - first paragraph -

"A total of 5,910 prespawned adult American shad were collected from 
the Hudson and Connecticut rivers in May and June of 1983 and transported 
to the upper Susquehanna River. Hudson River fish (3,691) were collected 
near Catskill-Hudson, NY by commercial haul seine and stocked at Owego, 
NY (rm309). The fish lift at Holyoke Dam on the Connecticut River 
provided 1,641 shad which were delivered to Tunkhannock, PA (rm216) and 
578 shad delivered to Owego, NY. 11 

Job I - (page 1-11, bottom) -

l~n additional 4 truckloads (578 fish) were taken from Holyoke in early 
June and stocked at Owego, NY. No mortality assessment was performed 
on these stockings . 11 

Job I - (page 1-15, end of 1st paragraph) -

"Four truckloads (578 fish) were also taken from Holyoke on June 6-7 
and stocked at Owego, NY." 



INTRODUCTION 

This Annual Report discusses the numerous activities undertaken by member 
agencies of the Susquehanna River Anadromous Fish Restoration Committee 
(SRAFRC) during 1983. These efforts represent a continued commitment on 
the part of interested state and federal agencies and public 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 developed 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 in future years as spawning 
adults . 

The SRAFRC restoration program in 1983 was similar to that of past years 
and is separated into seven major work elements, plus supporting research. 
Collection and transplantation of prespawn adult shad from out-of-basin 
sources, collection of fertile shad eggs and delivery to the hatchery, 
shad culture and stocking, and juvenile outmigration evaluation studies 
above Holtwood Dam are financially supported by Pennsylvania Power & Light 
Company and Safe Harbor Water Power Corporation as part of a settlement 
agreement with the Pennsylvania Fish Commission and Susquehanna River 
Basin Corrnnission. 

Operation of the fish collection facility (trap and lift) at Conowingo 
Dam, transport of prespawn adult shad and herring upstream from that 
site, and juvenile shad assessment in Conowingo Pool and tailwaters 
is funded by the Philadelphia 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 Susque­
hanna River is conducted by the Tidal Fisheries Division of the Maryland 
Department of Natural Resources as a cost-shared Federal Aid project. 
Shad cultural research, mark development studies, genetic characteriza­
tion, immunological and histological analyses are being conducted and 
funded by the U.S. Fish and Wildlife Service, Pennsylvania State University, 
and the Pennsylvania Fish Conmission. 

Record achievements were recorded in 1983 for out-of-basin adult shad 
transferred to the Susquehanna River; eggs collected and delivered to 
the PFC Van Dyke hatchery; production of fingerling shad; abundance of 
juvenile outmigrant shad in the North Branch Susquehanna River and hydro­
electric forebays at Holtwood , Safe Harbor, and York Haven projects. 
Problems were experienced with operation of the Conowingo fish lift and 
adult shad tagging in the lower river; shad fry culture at Van Dyke; 
long-term retention of the rare earth element samarium as a marking agent 
in cultured shad; and, collection of outmigrant juveniles below the 
Holtwood project. 
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SUMMARY OF ACCOMPLISHMENTS 

A tota l of 5,332 prespawn adult American shad were collected from the 
Hudson and Connecticut rivers in May and June of 1983 and transported to 
the upper Susquehanna River. Hudson River fish (3,691) were collected 
near Catskill-Hudson, NY by commercial haul seine and stocked at Owego , NY 
(rm309). The fish lift at Holyoke Dam on the Connecticut River provided 
1,641 shad wh i ch were delivered to Tunkhannock, PA (rm216). Mortality 
monitoring assessment at Tunkhannock indicated that survival of trucked 
adults averaged 64% for the 7-9 hour trip from Holyoke. This is less 
than that percei ved in prior years (75- 95%) and considerable variation 
was exhib i ted (41- 89% survival). Paired tests using several water condi ­
tioning factors and controlled velocity of transport tank water indicated 
that best survival was achieved with a constant perimeter flow velocity 
of 0.5 fps and addition of 1% salt to the transfer water. Test results 
should be viewed cautiously as they may have been affected by numerous 
equipment failures during trials. 

A total of 34.5 million shad eggs were collected in 1983 and delivered to 
the Van Dyke hatchery. Eggs were taken from the James River (5.9 M), 
Pamunkey River (5.5 M), Hudson River (1.2 M), Delaware River (2.4 M), and 
Columbia River (19.5 M). The Delaware River was a first time effort and 
results indicate that this source can be a useful addition to future 
year egg collections. Attempts to take prespawn adults on the Delaware 
failed. The Van Dyke hatchery produced and stocked 4.048 million shad fry 
and 5,000 fingerlings. Double cropping the canal pond at Thompsontown 
resulted in 72,000 fingerlings being stocked, and Benner Spring Research 
Station (PFC) produced an additional 21,000 fingerlings from raceway 
and pond rearing investigations. Serious fry mortalities were experienced 
at Van Dyke and are believed to be associated with gas supersaturation 
caused by heating water. These unexpected losses prevented a record 
hatchery production in 1983. 

Unusually high river flows in April and several mechanical failures at 
the fish lift at Conowingo Dam resulted in only 430 American shad being 
captured there in 1983. Only two attempts were made to transfer shad 
upriver from Conowingo and 36 live shad were stocked at Harrisburg. 
Numbers of all other anadromous fish except striped bass were reduced 
i n the trap catch as compared to prior years. 

Maryland DNR biologists also experienced problems in capturing adult shad 
in the lower Susquehanna River for population assessment. In five nights 
of gill netting, 217 shad were tagged. A total of 10 tagged fish were 
recaptured (none in the Conowingo trap), and the upper Bay - lower river 
population was calculated to be 7-8,000 fish in 1983. Although total 
shad catch was down, the catch per unit effort for gill nets was the 
highest recorded for the 4 years of stock assessment. 
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Juvenile shad monitoring in the Fall of 1983 resulted in confirmation of 
natural reproduction in the North Branch Susquehanna River (from adult 
transplants) with 83 fish taken by seine during late August and early 
September. The fish ranged in size from 93 to 133mm and most fish were 
taken at Coxton Yards (Duryea-Pittston) and Wilkes-Barre. No young 
shad were collected above Tunkhannock. Daily monitoring of power plant 
intakes at Susquehanna SES, Hunlock Creek SES, and Sunbury SES produced 
no young shad. 

As in past years, the Juniata River at Amity Hall was sampled with seines 
to confirm growth and migration of hatchery-produced shad. During two 
sampling days in September, shad were collected which represented two 
distinct size classes (50nm and lOOrrm). 

Weekly sampling from October through mid-December in the three upper 
hydroproject forebays resulted in the capture of hundreds of juvenile 
shad. These fish, taken with a 20-ft. diameter cast net averaged 127mm 
fork length in mid-November and ranged in size from 75-155mm. Experimental 
spilling at the first regulating gate at Safe Harbor on several occasions 
appeared to move shad over the dam from the gatewell area. 

Compared to 1982, very few shad were collected on the intake screens at 
Peach Bottom Atomic Power Station. One shad was taken at Conowingo Dam, none 
in the pond or in the river below Conowingo. A considerable amount of 
effort was expended to collect outmigrants both at the dam (experimental 
discharge sampling net) and in the lower river (gill nets, trawls, and 
seines). Though collections upstream from the Holtwood project indicated 
that juvenile shad were in record abundance, successful outmigration to 
Chesapeake Bay was not demonstrated. 

Investigating the efficacy of marking young American shad with the rare 
earth element samarium, researchers at Lamar Fish Cultural Development 
Center (USFWS) were able to "tag 11 fish using laced diets. Initial analyses 
of whole fish and specific tissues indicated very high samarium concentra­
tions. However, concentration diminished as time progressed and by day 
210 post-marking, samarium in samples was at background levels. Other 
research activities conducted in 1983 and reported herein include: 
cultured shad larval mortality, nutrition, and feeding behavior; rearing 
density studies in ponds and raceways; harvesting and transport of finger­
lings; immunization, genetic strain evaluation and histopathological analysis. 
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JOB I. TRANSFER ADULT AMERICAN SHAD TO THE SUSQUEHANNA RIVER 

FROM OUT-OF-BASIN SOURCES 

Timothy W. Robbins, Thomas J . Koch and Joseph A. Nack 

National Environmental Services, Inc. 

Lancaster, PA 

1 . 1 INTRODUCTION 

In 1981 and 32 over 4,600 pre-spawned shad were transported from the 

Connecticut (1981-82) and Hudson rivers (1982) and released to the 

Susquehanna River. The success of previous efforts led to an expansion 

of the Adult Shad Transfer Proqram in 1983. A minimum of 5,000 pre-spawned 

adults were to be captured and trucked to the Susquehanna River. Handling 

and transport mortality was to be limited to 25% or less and sex ratios were 

to be determined whenever possible. 

The Hudson River was expected to provide about 2,000 shad by haul seine 

operations and the Connecticu~ River approximately 3,000 fish from the lift 

at Holyoke. The Delaware River was also to be included on an experimental 

basis. 

The Connecticut River operation was a continuation and expansion of the 

1981-82 out-of-basin transfer proqram. This operation was conducted by the 

PFC, using Pleasant Mount Fish Cultural Station as a center of operations. 

The techniques and logistics for the Connecticut River (Holyoke Dam) were 
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based on previous years' efforts, though considerable mortality monitoring 

was conducted at the release site. PFC also examined water conditioning 

factors and controlled tank velocities in 1983 (see Appendix I-A). 

The Hudson River out-of-basin transfer program was in its second year. This 

program was conducted by NES, utilizing methods proven adequate in 1902 . 

Fish were seined from the vicinity of Hudson-Catskill , NY and commercial 

fishermen were employed for this operation. 

The Delaware River Program was initiated on an experimental basis by the PFC 

and USFWS utilizing haul seines at the Smithfield Beach Access Area (PA), 

immediately above the Delaware Water Gap. Although operations on the three 

rivers were conducted independently, plans were made to integrate use of 

transportation facilities (trucks and tanks) to best take advantage of the 

availability of adult shad from all rivers. 

1 . 2 HUDSON RIVER SHAD TRANSFER PROGRAM 

In 1982 NES successfully captured pre-spawned adult shad from the Hudson 

River and transferred them to a release site on the upper Susquehanna River, 

in New York, on an experimental basis. Some 992 fish were presumed alive at 

release, resulting in a survival rate of 32%. Past experience by NES on the 

Hudson River indicated that a substantial adult shad population was available 

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

no means for capture of adult shad other than by netting. In 1982, NES 

began operations utilizing qill-nets as the primary qear, however, shad 

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

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

in 1983. 
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1.2.1 Schedul e and Collecting Methods 

The Hudson River prooram was conducted from 1-21 May on a seven day per week 

basis. Operational timetables were continqent on tidal conditions; i.e. when 

the tide was running full haul seines could not be used effectively. 

Generally, fishing activities took place between 0900 and 2000 hours. 

Sampling days were utilized to the fullest in order to reach the proposed 

goal . Only one day in the 18 day period was lost, due to mechanical problems 

with the transport truck. 

American shad were collected from the Hudson River in the vicinity of Greenport , 

NY. Crews ranging from 10-12 technicians worked cooperatively with commercial 

fishermen contracted to collect shad. Crews \'IOrked to capture shad, transport 

them to a shore-based site and load the tank truck. 

A 500 x 12 ft. haul seine with 2 in. square mesh winos and l in. square mesh 

bag was utilized to collect shad. The seine operation was directed through 

mutual agreements with commercial fishermen and NES to ensure that the operation 

was carried out in the most effective manner. Site selection was based on an 

area of river that was found to have larqe numbers of shad in the 1982 

operations. The seine was hauled alon0 the shoreline as soon as the tide 

changed from ebb to uptide. This tidal condition is used to minimize manpower 

needs in hauling the seine. 

Three people were needed to lay out the net from a boat captained by a 

fisherman, while an additional 5-6 individuals 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 concentrated in the bag section . 
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Shad collected in the haul seine were immediately dip-netted or hand brailed 

from the bag to a 400 gallon oval fiberglass tank mounted in a 16-ft. boat. 

Oxygen was provided by a 3 HP trash pump which drew water from the bottom 

center of the tank to an intake valve on the top inside tank wall. As many 

as 150 shad were loaded into the stock tank. The number of fish loaded was 

determined by several factors including water temperature, number of shad 

available and distance from the capture site to the tank truck. It was 

ultimately determined that 75 shad were the maximum number to transfer in 

any one load. The boat and tank, after loading, was driven by one NES 

personnel to a shore based loading site. A large cylinder of oxygen was 

mounted in the shuttle-boat and was used to increase 0.0. during transport . 

At the shoreline 3-5 shad were dip-netted from the stock tank into a 15 gallon 

round galvanized metal wash tub filled with water. Two individuals carried 

each tub a distance of about 100 yards. The shad were lifted by hand to 

the opening of the transfer tank and deposited into the tank. The process 

was continued until all shad had been loaded. 

The minimum load to be transferred to the Susquehanna River was 50 shad . 

They were accumulated in the transport until that number was reached. The 

capacity of the tank was about 15n shad. 

1.2.2 Description of Transfer Equipment 

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

8-ft . in diameter. The top is removable and shad are loaded through a 2-ft. 

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

circular cap by a gate release located on the back of the tank. A portable 
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cyli ndrical shoot, which extends 2 ft. beyond the truck bed, is attached 

below the unl oading hatch and directs both water and shad into the 

Susquehanna River. 

Water circulation is created by two 3 HP gasoline driven centrifugal pumps. 

Each pump has an individual pressure discharge to the tank, located tangential 

along the inner tank wall. Pressure discharges are located at different 

heights to create equal current throughout the water column in the tank. 

P common return suction to the pumps is located at the bottom center of the 

tank. Each pump is equipped with a bleeder valve which introduces air 

into the system during pumpin9. 

Aeration of the system is controlled by air intake valves on the suction side 

of each pump. An inverse relationship exists between the amount of aeration 

and stren9th 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 8~% water and 20% air are continually delivered 

to the tanks by the pumps. 

1.2.3 Temperature/Oxygen Monitorinq and Release of Fish 

Temperature in the transport tank is not controllable. However, no cooling 

is necessary until water temperature is more than 70° F, a situation which 

did not occur. Water temperature differential between the Hudson River and 

the Susquehanna River was measured and every effort was made to minimize 

increases in temperature during transport. Dissolved oxygen (DO) was main­

tained by an aeration system which is an inte~ral part of the transport tank. 
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Dissolved oxygen (DO) and temperature were monitored with a YSI Model 57 

oxyqen meter. A small opening on the top edqe of the tank provided access 

to the release hatch cover. Measurements were made prior to securing the 

tank for transport and at 2-hour intervals thereafter until transplantation 

to the release site was completed. A final water temperature and dissolved 

oxygen reading was made in the tank prior to stocking . 

Shad were released to the Susquehanna River at Owego, New York . At the 

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

The circulation pumps were shut down, release cover raised and shad and 

water released into the Susquehanna River. Some mortality was unavoidable 

during transfer. Drivers waited approximately 15 minutes to retrieve any 

fish which died in transit or release. It is probable that all dead fish 

are not recovered in this manner. 

1.2.4 Results 

The Hudson River adult transfer operation was initiated on May 3, 1983 and 

continued through May 21 . When the operation was terminated the number of 

shad transferred had well exceeded the qoal. A total of 3,691 pre-spawned 

shad were transferred from the Hudson River to the Susquehanna River primarily 

by NES (2,716) and the PFC (750). Shad were also trucked on an experimental 

basis by the USFWS (225) utilizing a rectanqular aluminum trout transport 

tank. The number of fish trucked by NES/PFC ranged from 136 to 160 per 

truck (Table 1) and up to 75 by the USFWS (Table 2). Of these fish, a total 

of about 3,123 were presumed alive at release. Mean survival was 88% 

(range 37% to 99%) for the fish trucked by NES, and 81 % by the usrns 

(range 77% to 88%). Data were not taken on four of the five shipments made 
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by the PFC but an estimate of 80% survival is used herein. The average 

presumed survival for Hudson River fish was 84%. 

The primary release site on the Susquehanna River was at Owego, NY. This 

location was utilized for all but two loads. Of these two loads, one was 

examined for instantaneous mortality of shad by the PFC and released at the 

Tunkhannock release site (75% survival). Another truckload of shad was 

delivered by NES to a~ acre earthen pond at Pleasant Mount Fish Culture 

Station for determination of delayed mortality. Only 50 of the 155 fish 

hauled survived the stocking (32%), but most of these fish lived for 5 days 

in the pond. 

The condition of fishes taken by haul seine appeared to be extremely oood. 

The haul seine, though labor extensive, is an excellent device for shad 

capture. It is a practical means of capturino large quantities of fish with 

a minimal amount of handling. Gill-net operations place a relatively 

greater amount of stress on the shad. 

The average time for loading the tank truck depended on the number of fish 

taken in the haul . If sufficient numbers of fish were taken to fill the tank, 

the entire operation would take approximately two hours. The travel time 

from the Hudson River collection site to Owego was typically about four hours. 

Water temperature during the time of capture ranged from 50-63° F (Table 3). 

Unseasonally low water and air temperatures generally kept the increase in 

temperature during transit to a minimum. l~ater temperatures in the Susque­

hanna and Hudson rivers were usually within 1-2° of one another. These 
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aforementioned factors were possibly a factor in the increased survival of 

fish over 1982. 

Dissolved oxygen averaged 5.3 ppm (range 4.6 - 7.2 ppm) on the Hudson River 

and increased to an average of 5.5 ppm {range 3.9 - 6.8 ppm) in transit 

{Table 3) . This was probably a result of the aeration provided by the trash 

pumps and low air temperatures. Dissolved oxygen was not believed to be a 

limiting factor in the trucking of shad between the two rivers. 

1.2.5 Interagency Cooperation 

The NYDEC was available for technical consultation, as necessary, during 

the course of the Hudson River Program. A NYDEC biologist was also involved 

with the project during the Department's population structure studies of shad 

and striped bass in the Hudson River. 

The Hudson River adult transfer program was a cooperative effort between 

various agencies. The PFC and USFWS were available for technical advice, 

as well as assisting in the transfer operations. The PFC was also involved 

in research on improving transport survival, in addition to delayed mortality 

studies. 

1 .2.6 Experimental Haul Seine Operation 

The SRAFRC technical committee expressed a desire to locate new sectors of 

the Hudson River where large numbers of shad could be effectively taken by 

haul seine. During May 23-30 experimental haul seining operations were 

conducted by NES. Commercial fishermen and the NYDEC suggested that a 

10-mile section of river, north of the Rip Van Winkle Bridqe to Columbiaville 
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be sampled. Operations were conducted at slack tide over a period of seven 

days. Crews of 8-10 biologists and two commercial fishermen with boats 

were utilized for the program. 

Rationale for selected sites was based on various factors. For example: 

(1) a loading area with a hard substrate is necessary if the net is to be 

effectively pu l led into shore. A soft muddy substrate is unsuitable since mud 

collects in the gills of fish resulting in high mortality; (2) the seining 

area must be free of submerged debris, rocks and obstacles that could possibly 

snag the net; and, (3) the location of the haul must be within a reasonable 

distance to an accessable area for the shad transport tank, in order that the 

fish may be loaded into the tanks as quickly as possible. 

With consideration of all factors above, some 20 sites were examined. Though 

many of the sites explored were historic seining areas, only one site 

produced significant numbers of shad. This area was located on the northwest 

side of Rodgers Island on the east side of the river channel. Approximately 

800 - 1 ,aoo shad were netted in one haul on May 25. This area is interesting 

for future considerations since it possessed not only a good landin9 area 

and hard substrate, but an access point for the transport truck on the 

opposite bank of the river. 
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1.3 CONNECTICUT RIVER SHAD TRANSFER PROGRAM 

1.3.1 Introduction 

The Pennsylvania Fish Commission conducted the transfer of adult American 

shad from the Holyoke Dam fish lift to the Susquehanna River in 1983. 

Rather than providing money to the University of Massachusetts Cooper­

ative Fishery Research Unit to defray cost of loading trucks, this year 

the PFC assigned a biologist to the project at Holyoke during the period 

May 13-31. This person provided assistance in loading shad for transfer 

to the Susquehanna as well as those taken by fishery agencies from 

Rhode Island, Massachusetts and New Hampshire for their programs. This 

assistance was well received and appreciated by the CFRU. 

1.3.2 Methods and Schedule 

Two new shad transport tanks were purchased for SRAFRC and mounted to 

PFC trucks. Both units were involved in the Connecticut River transfer. 

Appendix I-A describes the equipment as modified for the 1983 effort. 

Due to unusually cool and wet spring weather in 1983, the shad run up 

the Connecticut was delayed and transport did not begin until May 18. 

From this date until May 31, PFC transported shad on ten separate days. 

On May 26-27, shad were transported by PFC upstream to the Vernon pool. 

On each of the remaining eight days fish were transported to the Susque­

hanna River and released at Tunkhannock (12 truckloads). 

Pennsylvania operated one truck from May 18 to May 20 and two trucks on 

all days thereafter. Loading was completed between 1:00 and 4:00 pm on 

most days. Between 119-150 shad were hauled per truckload (average 126). 
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One truckload of Connecticut River shad (122 fish on May 19) was stocked 

into a flow-thru pond at Pleasant Mount Fish Cultural Station. The 

remaining 12 loads were delivered to Tunkhannock. Mortality assessment 

was conducted for each load using a net/corral device placed in the 

water ilTVTlediately downstream from the tank discharge. One PFC truckload 

from the Hudson River was also delivered to Tunkhannock for mortality 

assessment and one NES truckload (Hudson) was delivered to the Pleasant 

Mount pond. 

In 1983 attempts were made to refine the mode of transportation and 

to determine which variables could be controlled or altered to enhance 

survival of trucked shad. Studies reported in Appendix I-A were con­

ducted to compare addition of salt, antifoam, MS-222 and ice and to 

evaluate how these alterations in transport water affected survival. 

Water velocity in the tanks was adjusted and held at 0.5 fps for all 

Connecticut River trips. Finall y, a length of flexible plastic hose 

(18-in. diameter) was fitted to the tank release hatch to minimize contact 

of live fish with the river bottom during discharge. 

1.3.3 Results 

The PFC hauled 1,519 shad from Holyoke to Tunkhannock in 12 truckloads 

between May 18-31. Only 921 of these shad (61%) were alive following 

stocking (Table 4 ). lrrnnediate mortality for the one PFC truckload 

(122 fish) stocked in the Pleasant Mount pond was 11%. The survival rate 

of these fish after 5 days in the pond was 97%. 
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Though we have not yet received an accounting of the male:female ratio 

of shad at the Holyoke lift, dead specimens examined at Tunkhannock were 

56% (338) male and 44% (261) female. Trip by trip mortality by sex and 

with mean lengths and weights of dead shad is provided in Table 5. 

Results of the water conditioning trials are presented in Appendix I-A. 

While these results are not definitive, it appears that shad survival 

during transportation over a 7-9 hour time interval is enhanced by the 

addition of 1% salt and antifoam while maintaining the tank perimeter 

velocity (current) at 0.5 fps. From this years effort we can project 

that at least 60% of the shad hauled from Holyoke should survive the 

trip to Tunkhannock and that greater than 80% of those healthy fish planted 

should survive to spawn. 

Though we exhausted our Job I funds for the Connecticut River program 

during the last 2 weeks of May while the shad run was depressed, it is 

interesting to note that by mid-June the Holyoke lift was setting a new 

record for numbers of shad passing that structure (528,000). This accounts 

for our inability to reach the target (3,000 shad) and points to the 

difficulty in planning and scheduling manpower and equipment. 
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1. 4 DELA~~ARE RI VER SHAD TRANSFER PROGRAM 

An experimental effort was conducted on the Delaware River in 1983 by 

personnel from the USFWS, PFC and a local volunteer group to collect and 

transfer up to 1,000 prespawned adult shad to the Susquehanna River. 

Numerous attempts were made to collect fish with a 450-ft. haul seine 

on the river in the vicinity of Smithfield Beach Bushkill, PA. Work 

crews seined in daylight and evening hours at several locations between 

May 9-12 but no shad were collected. One of the PFC transport units 

stood by during these trials. 

High river flows and reduced water temperatures (52-56°F) apparently 

spread the shad run thin throughout the sampling area and recreat ional 

fishermen reported taking shad over a 100 mile stretch of river in 

reduced abundance. New Jersey's shad tagging effort and live transfer 

of shad from Lambertville, NJ to the Raritan River was similarly affected 

with few fish available. 

There are only limited access sites to suitable seining areas along 

the middle reaches of the Delaware. Numerous snags and uneven bottom 

contours hampered seining operations. Also, large numbers of recreat­

ional fishermen and boaters are encountered throughout the upper basi n 

during shad season. 

The Delaware River shad population appears significantly smaller than that 

on the Hudson where one seine haul may produce 1,000 fish or more. New 

Jersey's shad population estimate for the Delaware in 1983 was 250,000 

fish, a dramatic decrease from the 1981-82 levels of~ million each year. 
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1.5 SUMMARY 

1.5.1 Hudson River 

In 1982 the Hudson 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 about 82%. The success of this effort and the 

effectiveness of seining encouraged SRAFRC to expand the effort. In 

1983, a goal of 2,000 gravid (green) adult shad were to be captured 

from the Hudson and trucked to Owego, NY with at least 75% survival. 

Adult shad were collected by haul seine near Greensport, NY by NES and 

transferred to the Susquehanna River. All fish were taken to Owego 

except for two shipments used for mortality tests. During the period 

May 3-21, a total of 2,716 shad were hauled by NES, 750 by PFC, and 

225 by USFWS. The number transferred per load ranged from 136 to 160 

by NES/PFC and up to 75 by the USFWS which utilized a standard compart­

mentalized rectangular trout distribution tank on an experimental basis. 

The grand total of shad transferred was 3,691 of which 3,123 were pre­

sumed alive at release. The average survival rate during transfer was 84%. 

Water temperature on the Hudson River during this period ranged from 

50-64°F (average 55°F). Approximately a 2°F increase occurred during 

transfer. Dissolved oxygen levels in tank water averaged approximately 

5.5 ppm when shad were loaded and increased slightly during the trips. 
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1.5.2 Connecticut River 

The Pennsylvania Fish Commission stationed a biologist at Holyoke Dam 

during May 13-31 to assist in operating the fish lift and loading trans­

port trucks. Twelve truckloads of shad (1,519) were transferred to the 

Susquehanna River at Tunkhannock, PA during May 18-31. One additional 

load of 122 fish was stocked into a flow-thru pond at Pleasant Mount Fish 

Cultural Station (PFC) on May 19. 

Complete assessment of mortality at the stocking sites using nets revealed 

that only 61% of the shad hauled survived the transport from Holyoke. 

Delayed 5-day mortality of trucking survivors at Pleasant Mount was only 3%. 

Several tests were conducted with various water conditioning agents in 

an effort to determine w~ich factors might improve survival. Preliminary 

results indicated that addition of 1% salt and antifoam were beneficial. 

The shad run on the Connecticut River was slow to develop in 1983 because 

of high spring flows and reduced temperatures. The bulk of the run 

arrived late (June) and a new lift record for shad was established at Holyoke. 

1.5.3 Delaware River 

An experimental effort was conducted on the Delaware River in 1983 by 

personnel of the USFWS, PFC and volunteers. Attempts were made to collect 

adult shad with a 450-ft haul seine during May 9-12 near Smithfield Beach. 

No shad were collected. The Delaware River shad run was weak in 1983 

and operations were hampered by swift currents, high waters, uneven 

bottom contours and snags, and crowded conditions. 
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Table 1. Data on Prespawned Adult Shad Transferred from the Hudson 
River to the Susquehanna River at Owego, NY in 1983 by 
National Environmental Services, Inc. 

DATE 

5/3 

5/5 

5/6 

5/7 

5/8 

5/9 

5/10 

5/11 

5/12 

5/13 * 

5/14 

5/15 

5/16 

5/17 

5/18 

5/19 

5/20 

5/21 

Total 

NUMBER 
TRANSPORTED 

153 

136 

154 

145 

151 

141 

146 

150 

150 

150 

150 

155 

155 

160 

155 

155 

155 

155 

2,716 

NUMBER 
DEAD 

56 

1 

8 

4 

12 

2 

5 

18 

21 

95 

8 

11 

11 

24 

9 

16 

17 

28 

346 

NUMBER 
ALIVE 

97 

135 

146 

141 

139 

139 

141 

132 

129 

55 

142 

144 

144 

136 

146 

139 

138 

127 

2,370 

* stocked into Pleasant Mount pond 
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PERCENT 
SURVIVAL 

63 

99 

95 

97 

92 

99 

97 

88 

86 

37 

95 

93 

93 

85 

94 

90 

89 

82 

x=87 



Table 2. Data on prespawned American shad transferred from the 
Hudson River to the Susquehanna River in 1983 by the U.S. Fish and 
Wildlife Service. Fish released at Owego , New York. 

DATE MAY 17 MAY 20 MAY 21 

NO. FISH LOADED 75 75 75 

NO. SURVIVORS 59 (78'.t) 58 (77%) 66 (88%) 

MORTALITIES 16 17 9 

POOR FISH@ START 8 6 5 

LOAD/TRAVEL TIME 51s hrs. 5 hrs. 31s hrs. 

ADDJTIVES l1. sa 1 t l'.t sa 1t 1% salt 

WATER CHEMISTRY 

Before Fi sh After fish During After Receivin<J 
loaded loaded transport release water 

MAY 17 

TEMP (F) 57 57 57 55 54 

pH 8.2 8.2 8.2 8.2 9.2 

02 (ppm) 9.4 9.7 12.0 10.4 9.1 

CO2 (ppm) 80 160 512 120 80 

NH3 (ppm) 0.3 0.8 1.6 2.3 0.15 

MAY 20 

TEMP. (F) 58 59 60 60 57 

pH 9.3 8.8 8.8 8.7 9.2 

02 (ppm) 9.4 9.5 9.5 9.4 9.1 

CO2 (ppm) 80 80 120 120 80 

NH3 (ppm) 0.3 0.3 1.1 2.4 0.15 

MAY 21 

TEMP. (F) 59 60 59 

pH 9.2 9.0 9.2 

02 (ppm) 9.4 8.8 9.1 

CO2 (ppm) 80 160 80 

NH3 (ppm) 0.3 0.3 0.15 
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TABLE J. 
Record of Dissolved Oxygen and Temperature During Transport of Adult American Shad by 
National Environmental Services, Inc. from the Hudson River to the Susquehanna River, 1983. 

DISSOLVED OXYGEN (PPM) TEMPERATURE c·F> 
DATE TRIP , START 2 HRS 4 HRS FINISH START 2 HRS 4 HRS FINISH SUSQUEHANNA RIVER 

liAY 3 5.9 5.0 5.0 5.0 63 64 64 64 56 

5 2 4.6 4,6 3.9 3.9 57 56 56 S7 56 

6 3 5.6 5.4 6.0 5.6 53 53 54 55 52 

7 4 5.9 5.9 5.9 6.0 52 53 58 58 54 

8 5 5.0 5.4 5.4 5.4 54 54 56 57 54 

9 6 5.4 5.5 5.2 5.2 51 51 50 50 54 

10 7 5.7 5.6 5.4 5.4 St 51 51 51 51 

11 8 5.2 5.2 5.2 5.2 50 51 52 52 51 

12 9 5.0 5.4 5.7 5.7 52 53 54 54 52 

13 10 4.6 6.7 6.2 6.2 55 57 62 62 53 

14 11 6.3 4.8 4.2 4. 2 57 61 63 63 57 

15 12 5.2 7. l 6.8 6.8 56 61 58 58 51 

16 13 4.8 7.1 6.1 6. 1 54 54 55 55 55 

17 14 5.0 5.5 6.4 6.4 56 56 56 56 53 

18 15 7.2 6. l 5.7 5.7 57 60 59 59 54 

19 16 7.2 5.6 4.0 4.0 56 56 55 ~ 55 .. 54 

20 17 5.6 5.6 5.4 6.2 59 59 60 60 55 

21 18 5.4 4.9 5.7 5.7 59 59 59 59 57 

TOTALS x-5.3 x•S.S x• SS · x-51 x•55 
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Table n. 1983 ADULT AMERICAN SHAD 
TRANSPORTATION - MORTALITY ASSESSMENT 

Releaseb 
Immediate Mortalitx 

Water Conditioning Ori ii Fish Temperature,°F # ii Total Total 
Date Agent of F,;;n Site Hauled Jnit. Final Males Females # Percent 
5/12 Salt + Antifoam Hudson Tunk #2 150 50 54 26 11 37 24.7 
5/13 Nonec Hudson Pl .Mt. Lag. 155 - - 61 44 105 67.7 
5/18 Salt + Antifoam Holyoke Tunk #1 125 52 58 7 7 14 11.2 
5/19 Sa 1 t + Anti foam Holyoke Pl.Mt. Lag. 122 52 54 5 8 13 10. 7 
5/20 Salt+ Antifoam Holyoke Tunk #2 125 51 59 28 20 48 38.4 
5/21 Salt+ Antifoam Holyoke Tunk 112 125 55 62 34 18 52 41.6 
5/21 None Holyoke Tunk #2 123 55 62 42 31 73 59.3 
5/22 None Holyoke Tunk #2 123 57 - 24 20 44 35.8 
5/22 MS 222 + Buffer Holyoke Tunk #2 125 57 64 37 30 67 53.6 
5/23 Ice Holyoke Tunk 112 125 59 64 32 21 53 42.4 

5/23 None Holyoke Tunk #2 124 52 59 31 17 48 38.7 
5/24 Ice Holyoke Tunk #2 124 - - 34 28 62 49.6 
5/24 Salt + Anti foam Holyoke Tunk #2 150 - 63 36 21 57 38 .0 
5/31 Salt + Af. d Holyoke Tunk //2 125 47 51 15 26 41 32.8 
5/31 Ice + Salt+ Af. Holyoke Tunk #2 125 47 50 18 21 39 31.2 
Note: 
aHudson implies fish captured by Everett Nack et al. along Hudson River shoals near Germantown, New York. 
Holyoke implies Connecticut River fish entrapped at the Holyoke Power Station fish lift operation in Holyoke, Massachusetts. 

bTunk #2 implies release site at the "lesser developed" upstream access area in Tunkhannock, Pennsylvania. This site is 
excellent for mortality assessment during high-water conditions . 
Tunk #1 implies release site at the "more frequented" downstream access area in Tunkhannock, Pennsylvania. This site is 
best suited for mortality assessment during low-water conditions. 
Pl. Mt. Lag. implies release site at the Corrmonwealth of Pennsylvania's Pleasant Mount Fish Culture Station where American 
shad were planted into a control pond receiving high volumes of water to simulate river conditions (to assess instantaneous and 
delayed mortality estimates). 

'Except for 5/13/83,all data reflects PFC operations; NES driver considered their 5/13 load to be very good when fish arrived 
at Pleasant Mount. 

dAf . = Antifoam 



Table 5. 1983 ADULT AMERICAN SHAD 
TRANSPORTATION - MORTALITY ASSESSMENT BY SEX 

IMMEDIATE MORTALITY 
___________________ Males _____________________ 

-------------~---Females ____________________ 

Fisha ffb % # % of Total Mean Lenrh Mean Weirt # % of Total Mean Lenrh Mean Weight 
Date Hauled Dead Dead Dead # Dead (pounds Dead 41 Dead (inches (pounds) (inches 
5/12 150 37 24.7 26 70.3 19.3 2.9 11 29.7 22.5 4.9 
5/13 155 105 67.7 61 58.1 19.8 3.0 44 41. 9 22.5 4.7 
5/18 125 14 11.2 7 50.0 19.4 2.4 7 50.0 22.4 4.9 
5/ 19 122 13 lD.7 5 38.5 18.8 2.8 8 61. 5 22.3 5.3 
5/20 125 48 38.4 28 58.3 19.4 3.3 20 41. 7 22.4 5.2 

...... 5/21 125 52 41. 6 34 65.4 19.2 3.1 18 34.6 21. 5 4.7 
I 5/21 123 73 59.3 42 57.5 19.5 3.1 31 42.5 22.2 4.9 N 

0 5/22 123 44 35.8 24 54.5 19.0 2.9 20 45. 5 22.4 5. 1 
5/22 125 67 53.6 37 55.2 19.3 3.1 30 44.8 22.D 4.8 
5/23 125 53 42.4 32 60.4 19.5 3.1 21 39.6 22.4 5.2 
5/23 124 48 38.7 31 64.6 19.1 3.0 17 35.4 21. 7 4.5 
5/24 124 62 49.6 34 54.8 19.3 3.1 18 45.2 21. 7 4.9 
5/24 150 57 38.0 36 63.2 19.0 3.1 21 36.8 21. l 4.5 
5/31 125 41 32.8 15 36.6 19.5 2.8 26 63.4 22.2 4.6 
5/31 125 39 31.2 18 46.2 19.4 3.0 21 53.8 22.0 4.6 

Overa 11 1,946 753 38.7 430 57 .1 19.3 3.D 323 42.9 22 .1 4.8 
Remarks: 

a) The "Holyoke run" of American shad had been considered to be over on June l; however it suddenly reappeared a few days 
later. Subsequently, four loads of American shad (141 + 147 + 145 + 145) totalling 578 fish were transported from 
Holyoke, Massachusetts to Owego, New York, but no mortality assessment was made. 

b) Delayed mortality assessment was based on the formula {{# fish after IM - # fish alive after 5 days) ; (b fish after IM) ) 
NES Transport of 5/13/83 - {(50 - 39) T (50)) e 11/50 = 22%, 5-day post stocking mortality. 
PFC Transport of 5/19/83 - {(109 - 106) f (109) ) = 3/109 = 3%, 5-day post stocking mortality. 



APPENDIX I-A. ADULT AMERICAN SHAD TRANSPORTATION STUDIES - 19B3 

V. A. Mudrak, D. D. Truesdale, K. R. Stark, T. R. Bender, Jr. 
Pennsylvania Fish Corrmission 

Benner Spring Research Station 
and 

Zenas Bean 
Pleasant Mount Hatchery 

An evaluation of Pennsylvania Fish Commission shad hauling units was 

conducted in 1983 to determine in-transit mortalities (see Job I) and 

the efficacy of water conditioning agents used during transportation. 

Purpose of these studies is to define conditions which will maximize 

survival during long-range transfers. 

METHODS 

Duplicate trucks carried 1,100 gallon capacity circular tanks equipped 

with two 5 hp circulating pumps and a Hayward S-200 high-rate s.and 

filter, used as a reservoir for conditioning agents. The water velocity 

in each tank was determined using a Pygmy Gurley Meter. The tanks were 

filled to a depth of 25 inches, the normal level prior to the loading 

of shad. The tangential flow velocities were then adjusted to 0.7 feet 

per second (fps) at a point 19 inches above the tank bottom, adjacent 

to the tank wall at the lower right hand side of the tank access door. 

When the tanks were filled to normal capacity the resultant velocity 

was 0.5 fps. The velocities in both trucks were rechecked daily using 

the same procedure. 

The following conditioning agents were obtained for addition to, the 

transportation tanks via the Hayward S-200 reservoir: 
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1. Salt - Agway solar salt, approximately 80 pounds/truck (0.9% solution) 

2. Antifoam - 100 ml of Argent silicone based antifoam solution per truck 
(diluted to 500 ml with distilled water) 

3. MS-222 - 56.1 grams of tricaine methane su]fonate per truck - yielding 
approximate concentrations of 14 mg/1. 

4. Buffer - 1,419 grams of sodium bicarbonate per truck (approximately 
356 mg/1 NaHC03) 

5. Ice - approximately 100 pounds non-chlorinated ice per truck 

A research technician traveled daily on one of the two trucks to assure 

that the proper number of fish (125) and conditioning agents were 

added to the transportation units, and that water samples and data were 

properly collected. Moreover, dissolved oxygen concentrations, temper­

ature, and gas saturation values were determined by this technician at 

both the loading and stocking points; carbon dioxide and pH concentra-

tions were measured at the loading point only. 

A second research technician worked with representatives of the Fish 

Culture Research Unit at the Tunkhannock stocking site on the Susquehanna 

River in a netting procedure to enumerate instantaneous mortalities 

and to determine length, weight and sex ratios of those mortalities. A 

temporary field laboratory was established in a nearby motel where pH, 

alkalinity, hardness, carbon dioxide, ammonia nitrogen, and urea nitrogen 

analyses were performed nightly (approximately 10 pm to 6 am). Chloride 

analyses were performed at a later date at the Benner Spring Fish 

Research Station at Bellefonte. 

Water samples were collected daily from each transportation unit accord­

ing to the following schedule: 
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Sample Number Sample Description 

1 

2 

3 

4 

Transportation tank "fill water" - water collected 
from the tank prior to the addition of chemical 
conditioning agents or fish. 

Transportation tank water col lected after the 
addition of fish, but prior to the addition of 
chemical conditioning agents. 

Tank water collected approximately 1 hour after 
the addition of fish and chemical conditioning 
agents. 

Tank water collected just prior to the discharge 
of fish at the Tunkhannock release site. 

Samples were collected in duplicate, and one of the two samples was 

acidified with 0.8 ml sulfuric acid per liter. All samples except onel 

were irrrnediately stored in foam containers and cooled using Blue Ice 

freezer packs. Samples number one and two from truck A were analyzed 

for carbon dioxide and pH at the Holyoke Dam site using a Beckman 

Electromate pH meter with a Corning 476051 pH electrode. The pH meter 

was recalibrated daily and the sodium hydroxide titrant was prepared 

and standardized daily. With the exception of chlorides, all other 

analyses were performed at the temporary lab site at Tunkhannock, where 

the following equipment was utilized: 

Orion model 701 pH meter with an Orion Model 95-10 arrrnonia electr~ 
Beckman Century SS-1 pH meter with Beckman 39502 combination 

pH electrode, and a Beckman Model 76 and 96 thermocompensator. 

1samples collected from Truck Bon May 22, 1983 were stored at ambient temp. 
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The following analytical procedures from the 14th Edition of Standard 

Methods for the Examination of Water and Wastewater were followed: 

pH - glass electrode method; alkalinity - potentiometer titration method; 

hardness - EOTA titrametric method; carbon dioxide - titrametric method. 

Ammonia nitrogen analysis was performed following the selective ion 

method from the EPA Methods for Chemical Analysis of Water and Wastewater, 

2nd Edition. Urea nitrogen concentrations were determined by neutraliz-

ing the preserved samples to pH 7.0 followed by urease digestion as 

described in the Folin and Youngburg Modified Procedure2 using a 50 ml 

sample. Total a1TJ11onia nitrogen was then determined using the alTITlonia 

electrode. Urea nitrogen values were calculated by subtracting the 

ammonia nitrogen values for the undigested sample from the corresponding 

ammonia nitrogen values for the urease digested sample. Chloride anal­

yses were performed using the Beckman pH equipment described above and 

following the mercuric nitrate high and low range procedures from the 

i4th Edition of Standard Methods. 

RESULTS ANO DISCUSSION 

As originally scheduled, the chemical conditioning agent study was to 

have taken place several weeks after the shipping of adult shad from 

the Holyoke Dam to the Susquehanna River had begun. This would have 

permitted the temporary employees hired as truck drivers to become 

familiar with the equipment, route, and stocking procedures before data 

collection began, and also would have allowed the correction of early 

2Hawk, Oser, and Surmierson, Practical Physiological Chemistry, 1954 
Maple Press Co., York, PA. 
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mechanical problems. Unfortunately, high river conditions on the Conn­

ecticut River resulted in a delay of the initiation of shad shipments, 

making it necessary to utilize inexperienced drivers and equipment with 

only a few hours of seasona l use. This resulted in minor equipment 

failures on three (May 22, 23, and 24) of the four scheduled test days. 

In addition, confusion over stocking of Vernon Pool on the Connecticut 

resulted in unequal tank densities on May 24th. As a result, the valid ity 

of duplicate truck comparisons conducted in 1983 is questionable due 

to the number of unexpected variables introduced into the evaluation . 

However, the 1983 study does provide a legitimate reference point inas­

much as the results as reported, reflect valid baseline criteria and can 

be used to project logical approaches to enhance the restoration effort. 

The following sunvnarizes the results of data collected in the trans­

portation study: 

1. A tangential flow velocity of 0.5 fps may be satisfactory for the 
transportation of shad in a circular tank. Since instantaneous mort­
alities had not been enumerated in prior years, there was no reference 
point for comparison; however, an average survival rate of 64% for 

a 7-hour stocking run was considered acceptable. Previous reports 
of fish becoming fatigued and changing their orientation seems to 
indicate that tank current velocity should be a parameter of concern. 

2. The addition of salt to the transportation tanks seems to reduce 

mortalities in long duration stocking trips. The May 21 evaluation 
with duplicate trucks yielded 58% survival for the l~-hour trip, as 
compared to a 41% survival for the 9-hour trip without salt added. 

3. MS-222 plus buffer did not result in an increased survival on the 
May 22 stocking comparison, however pump failures may have influenced 

these results. 
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4. Ice, in the quantity used in this study, did not increase the per­
cent survival in the May 23 evaluation. However, the trip duration 
for the truck utilizing the ice was approximately 1\-hours longer 
than that for the comparison trip. Also, abnormally low air temp­
eratures may have masked any significant effect of using ice. 
Future evaluation of more efficient cooling systems might prove 
worthwhile (e.g. ice, insulation, refrigeration). 

5. Gas supersaturation of tank water was not a problem in this study. 
Apparently the pressure relief mechanisms were working well. 

6. The decreases in dissolved oxygen concentrations in the transport 
tanks were relatively consistent (2.5 to 3.2 ppm) on those days 

for which data are available. While oxygen does not seem to be 
limiting, experience with small shad demonstrated a positive response 
when pure 02 with little agitation replaced aerators in the transport unit. 

7. The low pH of the transportation tank was a contributing factor to 

maintaining un-ionized ammonia concentrations below toxic levels. 

8. Carbon dioxide concentrations remained relatively low. 

SUMMARY OF TRANSPORT TANK WATER QUALITY AT TUNKHANNOCK RELEASE SITE 

Trip duration (hours) 6 2/3 to 10 1/3 
% surviva 1 41 to 64 
pH ( S. U.) 6.1 to 7.3 

Alkalinity (mg/1) 27 to 187 

Hardness (mg/1) 34 to 52 

Carbon dioxide (mg/1) 10 to 17 

Dissolved oxygen (mg/1 ) 6.4 to 7.0 

% gas saturation 101 

Temperature (°C) 15.0 to 17.5 

AITITlonia-N (mg/1) 2.2 to 3.6 

Chloride (mg/1) 11 to 5889 

Results of replicate tests on water conditioning factors studied and 

water quality parameters measured are provided on the following data sheets. 
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DAILY TRIP SUMMARY 

May 21, 1983: 

All equipment functioned well. Conditioni ng the water with salt yielded 
a higher percent survival even though the duration of the tri p was approx­
imately 1-1/3 hrs longer than that of the second truck with untreated 
water. 

May 22, 1983: 

Transportation Unit A with MS 222 and buffer added suffered a complete 
failure of one recirculating pump approximately four hours into the 
trip. The second pump failed periodically during the trip. The dissolved 
oxygen meter failed due to pinched line from the probe. The decrease 
in tank flow caused by the pump failures may have influenced the high 
mortalities observed in the transportation unit. Therefore, valid 
comparison is not possible. 

May 23, 1983: 

Transportation Unit A with a replacement recirculating pump was adjusted 
to the appropriate flow rate; however, after approximately 4 hours of 
operation it was necessary to readjust the pump. The second recirculating 
pump continued to fail periodically. The 100 lb of ice which was added 
directly to tank A resulted in a temperature increase of only 2.6oc for 
the 9 hour trip, versus an increase of 3.9°c in tank B which was not 
conditioned during its 7-1/2 hour trip. 

May 24, 1983: 

Due to confusion over stocking obligations at Vernon pool, truck B was 
loaded with 150 fish (as compared with 125 fish for truck A) thus introducing 
another variable into the comparison . Transportation unit A suffered com­
plete failure of one of its recirculati ng pumps, resulting in reduced flow 
velocity in the tank. Truck A also suffered a mechanical failure thus 
increasing the trip duration. 
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Carbon Dioxide 1 mgLl 

Date: 5/21/83 5/22/83 5/23/83 5/24/8} 
Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 51 51 71 5 
A2 81 101 111 · 12 
A3 10 13 14 15 
A4 10 10 13 16 

Date: 5/21/83 5/22/833 5/23/83 5/24/834 

Conditioning Agent: Salt+ Antifoam None None Salt 
Sample 

Bl 6 6 5 N/A 
B2 13 12 10 13 
83 16 13 14 16 
B4 17 14 13 15 

1. Analysis performed at time of sample collection. 
2. 124 fish transported. 
3. 123 fish transported. 
4. 150 fish transported. 

Percent Gas Saturation 

Date: 5/21/83 5/22/83 5/23/83 5/24/83 
Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 104 104 104 

A4 101 101 101 

Dissolved Oxygen, mg/1 

Date: 5/21/83 5/22/83 5/23/83 5/24/83 
Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 10.2 10.2(10.2) 1 9.2 N/A 
A4 7.0 7.0(7.0) 1 6.4 N/A 

b 3.2 3.2 2.8 

1. Adjusted for salinity. 
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Date : 
Sample 

A4 

B4 

Date: 
Truck 

A 

B 

Urea-N/Arrunonia-N Ratio 

5/21/83 5/22/83 

.27 .17 

.14 .32 

Number of Fish Transported 

5/21/83 

125 
125 

5/22/83 

125 
123 

5/23/83 

.33 

.27 

5/23/83 

125 
124 

Combined Loading and Transit Time (approx. hours} 

Date: 5/21/83 5/22/83 5/23/83 
Truck 

A 9 7-3/4 9 

B 10-1/3 7 7-1/2 

Mortalities (% Survival} 

Date: 5/21/83 5/22/83 5/23/83 
Conditioning Agent: None MS222 + Buffer Ice 
Truck 

A 73 (41%) 67 ( 46%) 53 (58%) 

Date: 5/21/83 5/22/83 5/23/83 
Conditioning Agent: Salt + Antifoam None None 
Truck 

B 52 (58%) 44 (64%) 48 (61%) 
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5/24/83 

.59 

.62 

5/24/83 

124 
150 

5/24/83 

N/A 
6-2/3 

5/24/83 
Ice 

62 ( 50%) 

5/24/83 
Salt 

57 ( 62%) 



Alkalinity, mg/1 (as Caco3) 

Date: 5/21/83 5/22/83 5/23/83 5/24/831 

Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 21 21 18 23 
A2 21 21 19 26 
A3 23 189 21 33 
A4 30 187 27 34 

Date: 5/21/83 5/22/8i 5/23/83 5/24/833 

Conditioning Agent: Salt+ Antifoam None None Salt 
Sample 

Bl 21 20 20 N/A 
82 21 22 18 27 
83 22 22 20 30 
84 31 25 27 39 

1. 124 fish transported. 
2. 123 fish transported. 
3. 150 fish transported. 

Chloride, mg/1 

Date: 5/21/83 5/22/83 5/23/83 5/24/83 
Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 14 148 6 6 
A2 29 97 21 7 
A3 28 6361 23 9 
A4 34 6881 N/A 11 

Date: 5/21/83 5/22/83 5/23/83 5/24/83 
Conditioning Agent: Salt + Antifoam None None Salt 
Sample 

Bl 89 182 6 N/A 
82 50 1151 7 7 
83 57841 1201 8 53151 

84 58891 1301 13 56281 

1. High range analysis procedure. 
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eH, S. u. 
Date: 5/21/83 5/22/83 5/23/83 5/24/8} 

Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 6.61 6.71 6.61 6. 5 
A2 6.41 6.31 6.41 6.0 
A3 6.0 7.2 6. 9 6.1 
A4 6.1 7.3 6.2 6.1 

Date: 5/21/83 5/22/833 5/23/83 5/24/834 

Conditioning Agent: Sa 1t + Ant if oam None None Salt 
Sample 

Bl 6.8 6.9 6.8 N/A 
82 6. 2 6.3 6. 2 6.1 
83 6.4 6.2 6.0 6.5 
84 6.6 6.4 6.2 6.7 

1. Analysis performed at the time of sample collection. 
2. 124 fish transported. 
3. 123 fish transported. 
4. 150 fish transported. 

Anmonia-N, mg/1 

Date: 5/21/83 5/22/83 5/23/83 5/24/831 

Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 0.10 0.12 0.08 0.04 
A2 0.20 0.24 0.17 0.33 
A3 0.85 0.83 0.84 1.47 

A4 2.6 2.3 (.015) 4 2.7 2.2 

Date: 5/21/83 5/22/83 5/23/83 5/24/833 

Conditioning Agent: Salt+ Antifoam None None Salt 

Sample 

Bl 0.14 0.29 0. 13 N/A 

82 0.35 0.40 0.30 0.41 

83 1.28 0. 78 0.66 1.1 

84 3.6 2.8 2.9 2.9 

1. 124 fish transported. 
2. 123 fish transported. 
3. 150 fish transported. 
4. Un-ionized ammonia-N. 
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Urea-N, mg/1 

Date: 5/21/83 5/22/83 5/23/83 5/24/8} 
Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 0.13 0.05 0.08 0.19 
A2 0.01 0.04 0.24 0.45 
A3 0.10 0.17 0.34 0.09 
A4 0.7 0.4 0.9 1. 3 

Date: 5/21/83 5/22/8i 5/23/83 5/24/833 

Conditioning Agent: Salt+ Antifoam None None Salt 
Sample 

Bl 0.13 0.12 0.19 N/A 
82 0.07 0.17 0.24 0.67 
83 0.34 0.37 0.19 1.1 
84 0.5 0.9 0.8 1.8 

1. 124 fish transported. 
2. 150 fish transported. 
3. 123 fish transported. 

Hardness, mg/1 (as caco3) 

Date: 5/21/83 5/22/83 5/23/83 5/24/831 

Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 32 32 32 34 
A2 36 32 32 34 
A3 32 36 32 32 
A4 36 40 36 34 

Date : 5/21/83 5/22/8} 5/23/83 5/24/833 

Conditioning Agent: Salt+ Antifoam None None Salt 
Sample 

Bl 32 32 32 N/A 
82 32 32 32 30 
83 48 36 32 44 
84 52 36 36 48 

1. 124 fish transported. 
2. 123 fish transported. 
3. 150 fish transported. 
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Temperature, 0c. 

Date: 5/2.1/83 5/22/83 5/23/83 5/24/831 

Conditioning Agent: None MS222 + Buffer Ice Ice 
Sample 

Al 12.9 13.9 14.9 N/A 
A4 16.5 17.5 17.5 N/A 

6 3.6 3.6 2.6 

Date: 5/21/83 5/22/8} 5/23/83 5/24/833 

Conditioning Agent: Sa 1t + Anti foam None None Salt 
Sample 

Bl 12.8 N/A 11.1 N/A 
84 15.6 N/A 15.0 N/A 

4 2.8 3.9 

1. 124 fish transported 
2. 123 fish transported 
3. 150 fish transported 
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JOB II. AMERICAN SHAD EGG COLLECTION PROGRAM 

Timothy W. Robbins, Thomas J. Koch and Joseph A. Nack 
National Environmental Services, Inc. 

Lancaster , PA 

2 .1 INTRODUCTION 

The objective of the Shad Egg Collection Program was to 

obtain viable,artificially fertilized shad eggs to support the 

hatchery culture program operated by the Pennsylvania Fish 

Commission . Fish released from the hatchery will supplement 

the development of the shad population below the Conowingo 

Dam with the urge to migrate upstream past the dams to spawn. 

In 1982, 25.9 million eggs collected from East and West Coast 

rivers resulted in the release of 5.35 million fry and 41,000 

fingerling shad. The SRAFRC goal for 1983 was to obtain 25 -

50 million eggs , based on the previous years' viability and 

production rate, to reach a target of 5 - 10 million fry and 

50 - 100,000 advanced fry and fingerlings. Eggs were to be 

primarily collected from the James and Parnunkey rivers on the 

East Coast and the Columbia River on the West Coast. Other 

East Coast rivers were investigated fo1 the feasibility of ob-

taining eggs and it was determined th,t 1 efforts be limited to 

the Delaware and Hudson rivers. Operations on the Mattaponi 

River were terminated for 1983. 
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2.2 METHODS 

2.2.1 Egg Collection 

Eggs were collected ffOm shad in spawning condi tion taken 

in gill-nets by commercial fishermen. Eggs were artificially 

fertilized in essentially the same manner established by Kilcer 

(1973), although minor revisions were employed. Modifications 

were made as a result of consultation with the PFC and fish 

culture experts on the West Coast. A brief description of the 

procedure follows. 

Eggs were stripped from three or four spawning females into 

a dry collecting pan and fertilized with sperm from one or more 

males. After dry mixing eggs and sperm for several minutes, 

the eggs were allowed to set for 2-3 minutes to allow for op­

timum fertilization. A small amount of water was then added 

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

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

This rinsing process was repeated 3-4 t unes t o remove dead 

spenn, unfertilized and broken eggs, a r d debris. Fertilized 

eggs were then poured into large plaP~LC buckets filled with 

clean river water and allowed to soak for several hours to be­

come hardened. During this period, water was periodically 

drained, clean water added and agitated to provide aeration. 
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Once the eggs were hardened, the water was drained and debris, 

such as scales and sticks, 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 containi ng eggs and the 

bag securely tied with two castrator rings. The package was 

then placed into styrofoam containers, sealed with tape and 

placed in cardboard boxes for shipment. Each box was labelled 

to show river name, date, number of liters of eggs , water 

temperature and ratio of females to males. 

2.2.2 Collection Areas 

2. 2.2.1 Pamunkey River, Virginia 

NES biologists began egg collection efforts on the Vir­

ginia rivers on 9 April 1983. Biologists worked with commer­

cial fishermen at Thompson's Landing, New Kent, Vi r ginia, lo­

cated approximately 4-6 miles upstream from Lester Manor. 

This area has proven throughout the ye~i s t o be a viable lo­

cation for catching adult spawning shad . Netting was usually 

conducted between 1530 and 2200 hours f rom Monday through Sun­

day. NES biologists operated from the shor e line at Thompson's 

Landing. As fish were captured, fishermen brought adult shad 
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to biologists on the shoreline as quickly as possible. 

2.2.2.2 James River, Virginia 

Experience in past years has proven that shad migrate up 

the James River to spawn when shad are completing spawning ac­

tivity on the Pamunkey River. An overlap of approximately a 

week is not uncommon. Throughout the Pamunkey River Egg Col­

lection Program, communication between commercial fishermen 

on the James and NES biologists was maintained, to determine 

when collection efforts on the James River should begin. 

Egg collection efforts on the James River began on 26 

April. There was an eight day period when both the James and 

Pamunkey rivers were fished simultaneously. The Berkley Plan­

tation Landing on the James River was utilized for the program. 

Berkley Plantation is in the Charles City - Hopewell area of 

Virginia, just below the Benjamin Harrison Bridge. 

Commercial fishermen using gill-n~ts and biologists worked 

together out of small row boats durir egg collection operations, 

so eggs could be taken from spawr..ing s had immediately. Gill­

netting was conducted from 1530 to 2200 hours. 
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2 . 2.2.3 Hudson River 

Shad egg collection on the Hudson River was conducted 

from 21 May - 2 June. Since previous years of egg collection 

on the Hudson River had not been highly successful, NES biolo­

gists and commercial fishermen experimented with various gear, 

times of day and locations in an attempt to net spawning shad. 

Initially, shad were inspected during the Adult Transfer Pro­

gram (3-21 May) as to their state in regard to spawning condi­

tion . Once it was determined by NES biologists that shad were 

ripe, egg collection was initiated . 

Intensive efforts for egg collection began on 21 May util­

izing haul seines, gill-nets and sink nets at different times 

of the day. After three days, it was evident that a greater 

amount of spawning shad were taken between 1800 and 2200 hours 

and that gill and sink nets were by far more effective than 

the haul seine. Basically, the problems associated with the 

haul seine stem from the amount of ma~power ueeded, the high 

number of fish taken per net and thr l jveliness of th~ fish. 

An expansion of these problems and -~mpling practices follows . 
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In regard to manpower - during haul seining operations a 

minimum of 10-1 2 persons plus one boat is necessary to com­

plete the procedure. In gill or stake- netting, on ly 2 fisher­

men, a boat and one biologist are utilized. Also, the haul 

seine has the potential to capture up to 1,000 fish per seine 

which must be checked for spawning condition. During this per­

iod, high mortal i ty can result. In addition, the fish taken 

from the haul seine are very lively, making them difficult to 

handle. 

Throughout the operation, 21 May - 2 June, NES kept in 

contact with commercial fishermen from the area of Kingston­

Rhinecliff Bridge to Catskill-Hudson, New York. The NYDEC 

also agreed to assist with the egg collection efforts. During 

their experimental haul seine operation for shad, the NYDEC 

and NES worked cooperatively on various nights. The NYDEC al­

so supplied information as to the condition of shad captured 

either during their operations or from conver~Jtions with com­

mercial fishermen. 

Based on this information, i t as decided that the best 

area to sample was the stretch of river from Coxsackie-Castle­

ton area south to Kingston, NY. Commercial fishermen and NES 
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biologists worked cooperatively out of small JON boats during 

the gill-netting operation . Fishermen drifted 500-750 foot 

gill-nets in the river channel, a distance of approxi mately 

five river miles. Monofilament nylon gill-nets with mesh 

-.: --- \...-~ .. ·---~.L«.C~ 1..1,::1..w,:::,::u 
A -,c 
"t • I J 

--..::1 C -,c ~ --"--- ··--- ..:1-~ &..__,:r auu ;.J, t::J .1..u1..,;u1::;::, w1::i.c UJ..J.J.1..cu &---.L J. Ulll a half 

hour to three hours, depending on tidal conditions and ship/ 

barge traffic in the fishing area. Two or three drifts were 

made daily. At slack tide, 500-750 ft. by 20-25 ft . sink-nets 

with mesh size of 5~ inches were drifted perpendicular to the 

shoreline for approximatley one half hour. 

2.2.2.4 Columbia River 

The Egg Collection Program on the Columbia River (Washing-

ton and Oregon) for 1983 was expanded to a four-week period by 

the SRAFRC Technical Committee. Operations on the Columbia 

River in 1973-74, 1977 and 1981-82 indicated that it was a 

reliable source for eggs. 

Three biologists with collection equ:pment were flown to 

Portland, Oregon on 3 June 1983. ~ _se biologists met wi th 

conunercial fishermen on 6 June at a ~ooring area 15 miles east 

of Portland on the south shore of the Columbia River. Egg col-

lection operations began on this date. Two boats were utilized. 
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Crews consisted of one commercial fisherman per boat and two 

biologists on one boat and one on another. 

Netting for shad was conducted on the north sho reline 

approximately two mile s upstream in an area known as the Camas­

Washougal Reef. This reef is characterized by 10-30 foot water 

depths with rocky substrate and scattered logs and trees under­

lying the netting area. Shad were captured by two means. One 

boat utilized a 100 fathom x 1 fathom x 5 3/4 inch mesh nylon 

gill-net drifted downriver over the reef, while the other util­

ized a 100 fathom x 1~ fathoms x 5~ inch mesh monofilament gill­

net. It was found that the rnonofilament net was by far more 

effective in fish capture as well as in increasing the catch 

of males. A series of two to five drifts were made, depending 

on the amount of fish available and drift time. Unlike the 

East Coast rivers, there is no tidal action on the Columbia 

River at Washougal Reef. The nets are drifted from the boat, 

with fishermen having to be very careful to avo.d contact with 

sport fishermen, docks and debris. 
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2.2.2.5 Delaware River 

An experimental effort was conducted on the Delaware River 

at the Smithfield Beach by personnel of the U.S. Fish ana 

Wildlife Service, PA Fish Commission and a local volunteer group 

to collect American shad eggs. Smithfield Beach is located 

about 8 miles upstream NE from East Stroudsburg, PA. 

The sampling program was inititated on 23 May and termina ted 

on 3 June; a total of eight days effort was expended . Shad were 

captured by six anchored gill-nets (100 ft long, 5 ft deep, with 

4~ - 5~ in. mesh). Nets were generally set between dusk and mid­

night. Fish were removed from nets and shuttled by boat to shore 

in wash tubs . 
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2.3 TRANSPORTATION 

2. 3.1 Pamunkey and James Rivers 

Shad eggs collected from the Pamunkey and James rivers 

were transported by automobile, instead of by aircraft as in 

previous years. (See Quality Control section.) Eggs collec-

ted at the rivers were driven to Sandston, Virginia . Arrange­

ments were made to deliver the egqs from Sandston to the Van 

Dyke Hatchery . NES personnel in Virginia notified the hatchery 

every evening to verify that there was a shipment, the esti­

mated volume of eggs shipped and the ETA of the delivery. The 

average trip from Virginia to the hatchery was six hours. 

2.3 . 2 Hudson - Delaware River 

Egg shipments from the Hudson and Delaware rivers were 

transported in the same manner as in Virginia. Eggs were de­

livered by automobile from Hudson, NY to the Van Dyke Hatchery. 

On shipment nights, NES personnel would contact PFC - USF&WS 

collectors on the Delaware River to verify an ecg delivery. 

On nights when eggs were collected trrm both ~ivers, NES per-

sonnel would deliver both the New Yo a~d Delaware River eggs 

to the hatchery. Shipments from th ~ Hudson and Delaware river s 

to the hatchery averaged 5 to 6 . 5 hours . 

2.3.3 Columbia River 

After packaging the eggs from the Columbia River, the 

2-10 



boxes of eggs were transported by van to the United Airlines 

Freight Terminal at Portland International Airport. Eggs were 

delivered to the airport between 2215 and 2230 hours, five days 

per week, (Monday through Friday) and shipped Uni ted Airlines 

First Freight from Portland to Washington, D.C. 

In previous years, eggs were shipped United Airlines Small 

Package Delivery to Baltimore. However, NES found it more 

feasibfe to ship eggs on United Airlines Air Freight to Wash­

ington. Air Freight to Washington, D.C. did not result in a 

plane change in Chicago, thus reducing handling and possible 

problems with connecting flights. 

Upon arrival of egg shipments into Washington, D.C., eggs 

were transported by van to the hatchery. Approximate shipping 

time was 10-12 hours. 

2.4 COLLECTION SCHEDULE 

The shad egg collection schedul was based on experience 

gained over a ten year period. In a tion of collection activi-

ties on any river was determined th ~ough communication with 

commercial fishermen, who would inform NES when shad in spawning 

condition had been taken. Collection activities usually began 
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when water temperatures reached 55 - 60°F (Table 1) . 

East Coast egg col l ection operations were terminated when 

less than 5 liters of eggs were taken on five con s ecutive nights. 

The West Coast operation was terminated when quality and quantity 

of eggs declined . Manpower allocation was based on the quantity 

of eggs collected and was decreased after the peak , however, 

at least one collector remained available until conditions for 

departure were met . 

2.5 QUALITY CONTROL 

In 1983 a cooperative effort was made to follow procedures 

proven effective in collection, artificial fertilization and 

shipment of American shad eggs. In previous years the viabil­

ity of eggs from the East Coast rivers had been good, thus 

demonstrating that previous quality control measures were uti l­

ized. However , results of viability were disa~pointing on the 

Columbia River in 1981-82 and special measu r~s were taken to 

assure improved viability for the e n ire p r ogram . 

NES met with experts from vari~us agencies to discuss how 

viability might be improved . It was agreed that minor revisions 

in the procedures of artificial fertilization be employed. NES 
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worked closely with PFC personnel at the Van Dyke Research Center 

to maintain and improve, where possible, qua lity control relative 

to the egg collection operations. The f ollowing considerations 

were given to this matter: 

(1) Egg collection procedures were r eviewed in detail with 

various agencies before beginning egg collection efforts on both 

the East and West Coast rivers and minor revisious employed. 

(2) Fishermen's equipment (nets) on the West Coast was 

modified to capture more male shad and decrease the male to fe­

male ratio. This was agreed by all agencies to be a major 

problem in previous years' efforts. 

(3) Shipment procedures were evaluated and it was deter­

mined that transporting eggs by automobile from East Coast 

rivers, though more time consuming, would reduce handling as 

during air transport. 

(4) Transferring shipment of West Coast eggs from United 

Airlines Small Package Delivery to United Airli n~ s First Freight, 

thus eliminating the transfer of egg boxes in ~hicago to another 

plane, consequently reducing handl ~ng and p,ssible plane con­

nection problems. 

2.6 RESULTS 

2.6.1 Pamunkey and James Rivers 

Egg collection efforts on the Virginia rivers began on 
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9 April and continued throughout the duration of the annual 

adult spawning runs. More eggs were collected than in recent 

years. A total of 5 . 49 million eggs were collected f r om the 

Pamunkey River (Table 2) . Water temperature during the 

period of collection ranged from 50 - 69° F. Pamunkey River 

eggs were sent to the Van Dyke Hatchery in eleven separate 

daily shipments from 11 April to 2 May (Table 4 ). 

Some 5.91 million eggs were collected from the James River 

between 26 April - 17 May(Table 2). These were sent to the 

Van Dyke Hatchery in ten separate daily shipments (Table 5). 

Water temperature during this time ranged from 52-71° F. 

In 1983 a total of 11,400,600 were collected from the two 

Virginia Rivers. 

2.6.2 Hudson River 

Throughout the month of May NES biologists in Hudson, NY 

checked the condition of shad captured during the Adult Transfer 

Program (Job I). On 21 May, biologists and New York commercial 

fishermen confirmed that shad had beg n trsi~ annual spawning 

runs; water temperature was 59° F. go-ous attempts ~o collect 

shad eggs from the Hudson River wer~ rnade through a cooperative 

effort between NES, and NYDEC and commercial fishermen. Various 

gear, locations and sampling times were tested . It was found 

that gill and sink nets utilized between 1800 and 2200 hours were 

most effective. Egg collection efforts extended over a 35 - 40 
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mile stretch of river from Kingston, north to Coxsackie-Castleton, 

NY. The most eggs, since the initiation of egg collection on the 

Hudson River, were collected in 1983. A total of 1,172 ,4 00 

shad eggs were delivered to the Van Dyke Hatchery over a ten day 

period (Table 2). 

2.6.3 Delaware River 

Over 2.6 million eggs were collected in efforts on the Del­

aware River (Table 2). Approximately 1.25 million (48%) were 

viable. Some 6.8% were shipped to the U.S. Fish and Wildlife 

National Fisheries Research Development Laboratory, Wellsboro, 

PA for the culture of shad to be used for experimental purposes 

while 19.6% were given to the local volunteer group involved with 

shad restoration efforts on the Lehigh River. 

High river flows (excessive rainfall) and low water tempera­

tures (low SO's) apparently disrupted the normal pattern of 

migration of shad to the upper Delaware River; shad were not 

present in large numbers on any pre1i~table b~sis. In spite of this 

situation, over 600 adult shad (239 •11le~ and 322 feMales ) were 

captured (Table 6). 
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2.6.4 Columbia River 

Egg collection on the Columbia River was conducted for a 

seventeen day period from 6 - 28 June. The river wate temperature 

during this time ranged from 59 to 64° F. Modifications in pro­

cedures and shipping were employed to help increase viaibility from 

the disappointing totals of the previous two years. Reports 

from the PFC indicate that viability was increased this year to 

approximately 55%. This is an improvement over that of 15% in 

1981 and 31% in 1982. (For more information on viability dat2 

and discussion consult American Shad Culture and Research at the 

Pennsylvania Fish Commission Van Dyke Hatchery [Job III]) . 

A total of 19,509,600 eggs (Table 2) were sent to the Van Dyke 

Hatchery in 17 separate shipments (Table 7). Collection activities 

were cancelled on 28 June, when egg quality and quantity declined 

over a three day period. 

2.6.5 All Rivers Combined 

The entire shad egg collection o, ration was conducted on 

four East Coast rivers and the Colu 1~ River (Oregon-Washington) 

between 9 April and 28 June. Over he three month period a total 

of 34,484,700 eggs were collected from the various rivers. Of these 

some 19.51 million were obtained from the Columbia River, while 

the four East Coast rivers combined produced 14.97 million. The 

Columbia River again produced the highest number of eggs (56%). 
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2 . 7 COMPARISONS WITH PREVIOUS YEARS' COLLECTION EFFORTS 

The total number of eggs collected in 198 3 was the largest 

number obtained since 1976 (Table 3). Thi s is a result of the 

improved catches on the Pamunkey and James River, Virgjnia, 

the Hudson River, New York and the addition of the Delaware 

River. The Virginia Rivers' production was up 347% over last 

year , while the Hudson River produced its first eggs since its 

inclusion in the Program in 1981. The Delaware River was also 

an important addition to the Program, supplying 2.4 million eggs. 

Over the past eleven years, the reliability of the East Coast 

rivers as a source of eggs has been erratic. Though this year 

was a good year for the East Coast rivers, the Columbia River 

remains the most reliable source of artificially fertilized shad 

eggs . 
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TABLE 1 Sampl ing per iod for East and West Coast rivers for collection of American 
shad eggs. 

SAMPLING SCHEDULE 

RIVER DATES TOTAL FISHING DAYS 

Pamunkey 9 April - 3 May 23 

James 28 April - 19 May 28 

Hudson 21 May - 2 June 10 

Columbia 6 June - 28 June 16 

Delaware 23 May - 3 June 8 

TABLE 2 Collection data of the total volume and number of Ameri can shad eggs taken 
on the Parnunkey , Janes , Huqson , Delaware and Columbia rivers, 1983* 

River Volurre of Total Number 
Eggs Shipped (L) of Eggs (Millions) 

Parnunkey 145. 9 5.49 

Janes 154 . 7 5.91 

Hudson 26 . 6 1.17 

Delaware 49 . 0 2 .40 

Columbia 562.4 19 . 51 

Totals 938 . 6 34 . 48 

* Delaware and Hudson River egg data provided by Permsylvania Fish Camrission 
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TABLE 3 

YEAR 

1971 

1972 

1973 

1974 

1975 

1976 

N 1977 
I 

~ 1978 

1979 

1980 

1981 

1982 

1983* 

Total number (millions) of American shad eggs collected from the Pamunkey, Mattaponi, James, 
Potomac, Susquehanna, Delaware, Connecticut, Hudson and Columbia rivers, 1971-1983. 

PAMUNKEY MATTAPONI JAMES POTOMAC SUSQUEHANNA DELAWARE CONNECTICUT COLUMBIA HUDSON 

-

- - - - 8 . 42 - - - -
- - - - 7.00 - - - -

8.45 6 .48 - 34.64 4.74 - 4.30 - -
9 .75 6.80 19.20 5 . 56 - - 0 . 53 8 . 18 -
1.88 - 7.15 5 . 70 - - - 18.42 -
- - - - - 4.10 - 54.80 -

4 . 40 0.57 3.42 - - - 0.35 8.90 -
6.90 - 10 . 11 - - - - - -
3.17 - .. ·-, ') - - - - - -
6.73 - 6.P3 - - - - - -
4.58 - 1.26 - - - - 5.78 -
2.03 - 1.25 - - - - 22.57 -
5.49 - 5 91 - - 2.40 - 19.51 1.17 

* 1983 data on numbers of eggs collected provided by Pennsylvania Fish Commission 

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 

34 .48 



TABLE 4 Collection data for American shad eggs taken on the Pamunkey River, 1983. 

Collection 
date 

April 11 

12 

14 

24 
N 
I 

N 
0 25 

26 

27 

28 

29 

30 

May 2 

Water 
Temperature 

(OF) 

55 

56 

55 

55 

53 

56 

57 

60 

62 

64 

68 

Number 
of 

Adult Shad 

Male Female 

13 42 

23 50 

6 16 

10 25 

6 19 

10 24 

14 33 

12 33 

11 37 

14 33 

6 21 

Estimated Volume 
of Eggs Shipped 
( in liters ) 

20 

30 

5 

10 

5 

15 

20 

17 

15 

5 

10 

Weather 
Conditions 
Air Temp (°F) 

cloudy 
35-40 

clear , calm 
40-45 

warmer, windy 
45- 48 

drizzle, calm 
51-53 

very windy 
50-53 

windy, clear 

calm, clear 
60-61 

calm, clear 
78-80 

calm, clear 
78-80 

calm, clear 
70-75 

calm, clear 
70-75 ... ~-- , .. n• 

Number of 
Conrnercial Fishermen 

And Boats 

Fishermen Boats 

2 1 

5 3 

2 1 

2 1 

3 2 

3 2 

2 1 

3 2 

2 2 

2 l 

3 2 



TABLE 5 co11ccc1on daco for .runcr1can shad eggs cokcn on Che James R1ver, 1983. 

) 

Collection Water Number Estimated Volume Weather Number of 
date Temperature of of Eggs Shipped Conditions Corrmercial Fishermen 

(OF) Adult Shad ( in liters) Air Temp (°F) And Boats 

Male Female Fishermen Boats 

April 26 60 1 1 1 windy, clear 
2 1 60-61 

28 60 2 4 3 calm, clear 2 1 78-80 

29 64 19 35 20 calm, clear 2 1 78-80 

30 66 18 41 27 calm, clear 2 1 70-75 

May 6 70 13 26 14 cool, calm 
4 2 62-64 

N 
1 

windy, cool N 7 71 l ', 40 25 4 2 ..... 
42-44 

9 68 1 ' 47 23 cool, calm 2 1 . L 
47-49 

10 69 13 40 20 cool, calm 
4 2 55-57 

11 69 6 16 10 
windy, cool 

2 1 60-63 

17 69 14 39 20 cool, ca lm 
4 2 65- 66 



TABLE 6 Collection data for American shad eggs taken on the Delaware River, 1983. 

0/\TE NET SET NET PULL WATER RIVER " #GREEN #SPENT #RIPE TOTAL TOTAL 
TIME TIME TEMP °F CONDITIONS MALES FEMALES FEMALES FEMALES FISH EGGS(L) DESTINATION 

5/23 20:00 23:00 63 Cloudy 16 5 0 9 30 2.5 Lehigh River 
(rained all 
night) 

5/24 19:45 23:30 63 Cloudy 32 4 0 12 48 2. 5 Lehigh River 

5/25 19:30 23:30 64 Slightly 84 
Cloudy 

I 0 23 108 7. 1 Van Dyke 

5/26 19:30 23:30 63 Cloudy 58 1 10 59 128 13.9 Van Dyke 

5/31 20:00 24:00 59 High (up 25 6 10 28 69 9. 95 5. 95 Van Dyke 
N 2') and 4.00 Hellsboro ' N Cloudy N 

6/1 20:00 24:00 59 Cloudy (6 11
- 19 I 12 15 47 5. 72 4. 22 Van Dyke 

l' lower) I.SO Lehigh 
River 

6/2 20:30 24:00 61 Cloudy (6 11
- 26 2 14 34 76 7. 64 6 .14 Van Dyke 

I' lower) l.50 Lehigh 
River 

6/3 19:45 23:45 63 Cloudy 29 2 12 62 105 15.74 11. 74 Van Dyke 
6"-1' lower) 3.50 Lehi.gh 

River 
0.50 Lamar 

TOTALS 289 22 58 242 611 65.05 (2.6 million) 



TABLE 7 Collection data for American shad eggs taken on the Columbia River, 1983. 

Collection Water Number Estimated Volume Weather Number of 
date Temperature of of Eggs Shipped Conditions Co11111ercial Fishermen 

(°F) Adult Shad ( in liters ) Air Temp (°F) And Boats 

Male Female Fishermen Boats 

June 6 62 52 160 50 
clear, breezy 2 60's 

63 32 120 50 
clear, breezy 2 2 high 60 ' s 

8 62 27 101 45 cloudy, windy 2 2 low 60's 

9 62 31 129 55 
cloudy, drizzle 

2 2 high 50's 

10 61 30 95 40 cloudy, drizzle 
2 2 low 60's 

13 61 38 129 55 
sunny , clear 2 2 low 70' s 

14 62 40 132 45 rain 2 2 high 50's 

rl,•u,,h, h1"'007''1 

15 61 45 144 62 -----J • _ .. __ ... ., 2 2 l ow 60's 

June 16 61 28 95 40 
cloudy 2 2 
high 60's 

17 62 22 71 25 showers, breezy 2 2 
high 50's 

20 59 24 95 45 rain 2 2 
hiRh 50' s 

21 63 25 115 40 c lo·~d, , calm 2 2 l ow 70' s 

22 61 15 70 15 rain 2 2 high 60's 

27 64 30 80 30 sunny, breezy 
low 70 ' s 

28 64 8 12 10 
rainy, windy 

low 60's 



JOB III. AMERICAN SHAD HATCHERY OPERATIONS AND CULTURAL RESEARCH 

INTRODUCTION 

T.A. Wiggins, T.R. Bender Jr., D.D. Truesdale, 
K.R. Stark, and V.A. Mudrak 
Pennsylvania Fish Commission 

Benner Spring Fish Research Station 
Be 11 efonte, PA 

The Pennsylvania Fish Commission continues to operate the Van Dyke Anad­

romous Fish Research Station as part of an effort to restore diadromous 

fishes to the Susquehanna River system. The objectives of the Van Dyke 

Station are to develop culture techniques 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 Susque-

hanna drainage, which will subsequently return to the river as spawning 

adults. During 1983, the Van Dyke Station incubated a record 34.5 million 

eggs and released 4.1 million juvenile American shad. In addition, 

studies conducted in 1983 described the period of developmental transition 

from endogenous to exogenous nutrition in larval shad, and initiated 

the development of culture techniques and optimum stocking densities for 

rearing shad in ponds and raceways . All fish stocked were exposed to 

phenethyl alcohol, an imprinting agent to be used as a chemical attract-

ant at the Conowingo Darn fish collection f1cility. 

This years effort was supported by funds provided from the settlement 

agreement between Pennsylvania Power & 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 a record 34.5 million American 

shad eggs in 1983. There were 40 egg shipments, two of which were trans­

ferred to Lamar Fish Cultural Development Center (1.3 million eggs) 

(Table 3-1). National Environmental Services, Incorporated, primarily 

responsible for egg collection, provided eggs from four sources: the 

Pamunkey and James Rivers in Virginia, the Hudson River in New York, and 

the Columbia River, Oregon. The U.S. Fish and Wildlife Service provided 

eggs from the Delaware River with assistance from the Pennsylvania Fish 

Commission, the Lehigh River Preservation, Protection and Improvement 

Foundation, and the Delaware River Shad Fishermen's Association. 

The traditional egg sources, the Pamunkey and James Rivers, produced 

exceptionally well this year, yielding 11 million eggs (330.6 liters) with 

a 71 percent viability. From April 11 to May 2, the Pamunkey River pro­

vided 5.5 million eggs of which 71.8 percent were viable. James River 

egg shipments began April 26 and continued longer than in past seasons, 

ending May 17. The James River produced 5.9 million eggs of which 69.6 

percent were viable. .. 
An exploratory egg collection effort, tonducted on the Hudson and 

Delaware Rivers, provided 1. 2 and 2.4 million eggs respectively. Egg 

collection on the Hudson River began May 22 and ended May 31. Egg 

viability was rather high at 72. 6 percent. Delaware River eggs were 

collected from May 25 to June 3. Viability of Delaware River eggs was 

variable; 13.4 to 82.1 percent, and averaged 48 percent. It was felt 

that the poor viability in some lots of Delaware River eggs was 

associated with the use of sperm from dead males or males in poor 

condition. Both rivers showed promise as future egg sources. 
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The Columbia River produced 19.5 million eggs during 1983. The 

potential for a greater egg collection effort existed since eggs were 

available both prior to and_ following the June 6-22 collection period. 

Egg viability was much improved over the past 2 years, averag ing 48.2 

percent. The ratio of males to females used during the spawning 

operation was improved this year (from one to 20 in 1981 and 1982, to 

one to three in 1983) and appears to have been responsible for the 

improved egg viability. 

The egg collection effort in 1983 was successful in many aspects. 

A record 34.5 million eggs were collected. Average egg viability was 

55.6 percent, and resulted in 19.2 million viable eggs (Table 3-2). 

It was demonstrated that a large number of "quality" eggs could be 

successfully collected over an extended period of time, April through 

June, by systematically utilizing the various r iver systems . In 

addition, problems such as the use of milt from dead males to fertilize 

eggs, and the use of milt from one male to fertilize the eggs collected 

from more than three females have been recognized, and hopefully, will 

not be repeated in future collection efforts. 

Production 

Thirty stockings in 1983 resulted i n tre release of 4.1 milli on 

juvenile American shad (Table 3-3); 4 mil li on fry, 8 to 31 days of age 

(Table 3-4), and 98,000 fingerlings (1 inch or greater in length) 

(Table 3-5). The fish were stocked i n good condition at the Pennsylvania 

Fish Commission's Thompsontown Access Are~, Muskrat Springs Access Area~ 

and Amity Hall Access Area. Shad stocked were exposed to the chemical 

, 
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attractant phenethyl alcohol, which was adfllinistered at a concentration 

of 1 x 10-4 ppm for 12 hours each day during the period the fish were 

cultured in tanks . Additionally, the Van Dyke Station provided 72 ,000 

fry to Skip Bason of the Delmarva Ecological Laboratory, and 5,000 to 

6,000 fingerlings to the Lamar Fish Cultural Development Center for 

study purposes. 

The major sources of fingerlings were the canal -pond at Thompson­

town and the Benner Spring Fish Research Station. The canal-pond was 

double-cropped this year and resulted in the release of an estimated 

72,000 fingerlings directly into the Juniata River. An additional 

21,000 fingerlings were released from the Benner Spring facility 

following density studies in ponds and raceways, and handling andl 

transport evaluations. The Van Dyke facility produced 5,000 

fingerlings for planting into the Juniata River. 

The hatchery did sustain higher than normal fry mortality this 

season with 21.6 percent of the viable eggs eventually resultinq in 

stocked fish (Table 3-6). There were exceptions to the low survival. 

Virginia river fry, cultured early in the season , compris ed most of 

the fry stockings (Figure 3-1). In addit ,Jn, fry hatched from the 

last few Columbia River egg shipments did well and were used for 

fingerling production (Figure 3-2). Fry survival during the midd'le 

of the production season, which included Delaware and Hudson River 

fish, was low (Figures 3- 3 and 3-4). 

Several steps were taken in an effort to alleviate, or at least 

define, the cause of the unusually high mortality of cultured fry. 

Initially, a pathological examination and a water quality survey 

(pH, alkalinity, dissolved oxygen, hardness , total dissolved oxyg1en, 
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hardness, total dissolved oxygen, gas saturation, and heavy metals) 

were conducted. Neither resulted in conclusive findings, although 

trace amounts of copper were detected . Two tests were also conductP.d, 

one testing the effects of a buffered water supply and the second, the 

effects of an antibiotic on survival of cultured fry. Finally, 

differences in survival of fry hatched from Columbia River eggs were 

examined in an attempt to define a cause/effect relationship . 

Buffering the water supply was tested because Van Dyke's water 

supply is soft (pH was approximately 6 to 7 S.U.), and had little 

buffering capacity (alkalinity 4 to 10 ppm). The test was designed 

to determine the effect, if any, of adding buffers (sodium bicarbonate 

and calcium chloride) to the water (Tables 3-7 and 3- 8). Test results 

were inconclusive since larval survival was similar in test and control 

tanks . 

Since procedures used in isolating systemic bacterial pathogens 

were limited for larval fishes, a test was designed to determine if 

a non-specific drug treatment (water soluble neomycin sulfate) would 

affect survival. At the end of the test larval survival was higher 

in test tanks (20.6 percent) than in controls (8. 4 percent), although 

low survival in all units indicated that neJ1nyci n sulfate was in­

effective in reducing the unusually high mortality experienced during 

the 1983 season (Table 3-9). 

Fry hatched early and late in the season followed a 11 normal" 

mortality pattern similar to that documented in past years. The 

sudden improvement in Columbia River survival led to attempts to 

define a cause/effect relationship. Standard operating procedures 

had not changed except that the water heating system (thermostatically 

controlled) was turned off for the season on June 26. All egg 

f ' 
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shipments received after June 26 exhibited a "normal" mortality pattern 

(Table 3-10). Survival for fry from the 10 Columbia River shipments 

received prior to June 26 was 18.8 percent at 18 days of age comparE~d 

to 59.8 percent for the three egg shipments received after June 26 

(Figure 3-5). Mean survival for Columbia River fry in 1982 was 

59.7 percent. It is possible that gas supersaturation, caused by 

heating water may have been responsible for the high fry mortality 

in 1983. 

Facility Improvements 

Continued expansion of the hatchery's production goal resulted 

in the necessity to make facility improvements. Anticipating larger 

numbers of fish to feed in 1983, a second brine shrimp unit was 

temporarily added resulting in a 25 percent increase in the production 

of brine shrimp. Although the additional unit was beneficial, a more 

streamlined and efficient means of mass producing brine shrimp must 

be developed to adequately feed ever increasing numbers of fish . Two 

live food feeders and accessory equipment were insta11ed on all rearing 

units to better handle the large quantities of feed and to increase feed 

availability to the fish. The feeders would run more efficiently wiith 

the addition of a second air blower which would increase air pressure 

in the lines. 

Research 

The following section contains a brief synopsis of the conclusions 

derived from research conducted in 1983. Each study, including pertinent 

data, is presented in Appendix III-A. 
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This year's research defined many aspects in the survival and 

feeding of larval American shad . The prolarval stage lasted 5 to 6 

days characteri zed by retention of the yoke sac. At 5 days exogenous 

feeding began although a large percentage of the larvae appeared not 

to be feeding . The first-feeding larvae demonstrated a size preference 

when feeding on brine shrimp, general ly selecting organisms sma ller 

than the mean. There appeared to be a defined avoidance of larger 

organisms which comprised approximately 13 percent of the feed . Diel 

variations in the feeding intensity of first-feeding larvae were noted. 

The highest level of feeding intensity occurred during the evening 

(1800-2100 hours) and the lowest level at night {2300-600 hours). 

Feeding efficiency and intens ity increased when larvae were reared in 

continuous light . There appears to be a period where feeding inten-

sity and growth do not increase, 10 to 14 and 11 and 16 days respectively. 

An age- spec i fic survival rate demonstrated a period of high larval mor-

tality from 9 to 14 days of age, which closely paralleled the periods 

when growth and feeding intensity did not increase. These data suggest 

that survival of cultured larvae may be dependent on the success of 

first-feeding larvae. 

The optimum stocking density when rearing shad to fingerling size 

appeared to be between 1.9 and 3.1 fish pel liter for raceways, and 

between 160,300 and 246,500 per hectare for ponds. It was also 

detennined that fingerlings could be crowded and transported from 

raceways with less than 0.7 percent handling mortality after 48 hours. 

Handling mortal ity was slightly higher for ponds, averaging less than 

3 percent after 48 hours. Approximately 80- 95 percent of the ponded 

shad were successf\lly harvested . More fish could probably be 

harvested if the ponds drained completely. 
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A manuscript written from a study conducted at the Van Dyke Station 

in 1982, "The Influence of Rolling on the Hatch of American Shad Eggs" 

by Wiggins et al., 1984, will be published in the Progressive Fish­

Culturist, Volume 46(1) . 

Summary 

The Pennsylvania Fish Commission continued to operate the Van Dyke 

Research Station as a part of the diadromous fish restoration effort on 

the Susquehanna River drainage. The scope of the Van Dyke program 

included: incubation and hatch of American shad eggs; rearing and 

releasing juvenile fish, and the development of more effective culture 

techniques. Changes improving and broadening the egg collection 

effort resulted in the incubation of a record 34.5 million American 

shad eggs at the station. A total of 4.1 million juvenile American 

shad, 4 million fry and 98,000 fingerlings, were cultured and released 

in 1983 at three sites on the Juniata River. All fish were exposed 

to a chemical imprinting agent, phenethyl alcohol, to be used as an 

attractant at the Conowingo Darn fish collection facility. Studies 

in 1983 on larval shad began to define the period of first-feeding 

larval development which may result in mo re effective feeding regimes 

and improved larval survival. In additi· n, culture techniques and 

optimum stocking densities for both pond and raceway culture of 

fingerlings are being developed. Includi ng fish released in 1983, 

a total of 19.4 million juvenile American shad have been released 

into the Susquehanna drainage since 1976. 
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RECOMMENDATIONS FOR 1984 

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 must be provided. The 
Van Dyke Station can handle 8 mil lion eggs per week. 

2. Culture of 200,000 fingerlings (I-inch or larger) using the canal 
pond at Thompsontown and the Benner Spring Complex. 

3. To facilitate the future increases in production and to reduce the 
likelihood of the recurrence of the high larval mortality experienced 
in 1983, the following facility improvements are suggested: 

a) 30 to 40 gal/min river water pumped to the warming pond. 
b) Ultraviolet light treatment that can handle 80 gal/min with 

easy maintenance (removable cover for cleaning). 
c) Air blower to supply live food feeders. 
d) Installation of 6 tanks and an appropriate shelter, wiring, 

plumbing and platform. 
e) Brine shrimp incubation room with heat, water and electric 

(possibly a small extension to the furnace room). 
f) Vacuum degasser which can handle 80 gal/min. 
g) Electric pump with float valve at canal pond. 

4. Continue research into larval culture techniques, pond density 
studies and juvenile transportation studies ( to b~ conducted at 
the Van Dyke facility and the Benner Sp1 i ng complex). 

5. Continue imprinting efforts at Van Dy~. us ing phenethyl alcohol, 
and coordinate the dispensing of thi s hemical attractant at the 
Conowingo fish collection facility (provide pump, chemical, expertise). 

6. Evaluate spawning success/potential of adult shad in the circular 
pond at the Benner Spring Fish Research Station . 
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TABLE 3-1 
VAN DYKE 

AMERICAN SHAD EGG DATA 
1983 

Shipment Date Date Vol. {l) Percent 
Number River Taken Received Received (VD) Eggs Viabil i tx Viable Eggs Sac Frx 

Pamuakel! !£11 4£12 18.0 659,100 82.0 540.700 434,500 
z__ eamYak~l! 4£12 4£13 25.2 928,70Q 64.4 598,100 365,] OQ 
J__ Pamynkel! 4£14 4£15 5.5 196,600 80.2 157, 7QQ 1 ~z. 7QQ 
4 ___ Pamunke:r: 4£24 4L25 11.4 447,400 66.2 296,20Q 293,8QQ 
_5 __ Pamunke:r: 4£25 , 4£26 5.5 369,200 52.2 19Z,2QQ J2Z,6QQ 
6__ Ps1mynk~l! 4£26 4L27 12 .4 407,]QQ 63.0 256,300 225,300 

James 4L26 4£28 0.4 14,700 63.3 9,300 
..... 7 Pamunkel! 4£27 4L28 21.1 948,000 75.4 714,900 fi~2 Z!lO ..... ..... 

Pamunke:r: 4L28 4L29 16. 3 503.500 83.9 422,400 I 8 421.300 ..... 
N James 4/28 4/29 2.3 78,400 65.4 51,300 - -

9 Pamun l<ey 4/29 4/30 16 .1 589,300 71. l 419,100 BfiQ.900 
James 4/30 19 .9 742,600 59.5 441,800 

10 Pamunkey 4/ J(J 5/1 4.8 150,400 78.5 1181000 679,300 
James 4/30 5/1 27.4 1,002,500 69.4 695,700 

11 Pallk.lnkey 5/2 5/3 9.6 291.800 77 .8 226,900 226,200 
12 . James 5/6 5/7 14.6 472,600 75.2 355,400 327,500 
13 James 5/7 5/8 23 .8 11014,600 76.6 777,300 687,300 
14 James 5/9 5/10 21.6 764,600 75.5 577,200 488,000 
15 James 5/10 5/11 16.2 687,500 58.2 400,400 3731100 
16 James 5/11 5/12 8.3 325,800 74.8 243zB00 231,800 
17 James 5/17 5/18 20.2 806,200 69.7 562.100 4761000 
18 Hudson 5/23 5/24 6.0 182,400 70.1 _ J_p_!_8Q9 _ 124,400 



TABLE .3-1 (CONTD.) 

VAN DYKE 
AMERICAN SHAD EGG DATA 

1983 

Shipment Date Date Vol. (l) Percent 
Number River Taken Received Received {VD} Eggs Viability Viable Eggs Sac Frt 

19 Hudson 5/24 5/25 5.5 394,000 * 60,000* --
20 Hudson 5/25 5/26 6.0 225,000 82.1 184,700 172 ,20Q 

Delaware 5/25 5/26 7 .1 279,500 81.6 228,000 227,900 
21 Delaware 5/26 5/27 13.9 653,300 13.4 87,700 67,600 
22 Hudson 5/31 6/1 3.0 118.500 68.2 80,800 79!200 

Delaware 5/31 6/1 6.0 2651600 54.1 143,800 140,600 
23 Hudson 6/1 6/2 6.1 252 1500 68.0 171,800 171,100 

Del aware 6/1 6/2 4.2 174,700 77 .6 135,500 135,000 
..... 24 Del aware 6/2 6/3 6.1 368,700 49.5 182,400 180,700 ...... - 56.8 375,300 366,500 I 25 De) aware 6/3 6/4 j] 7 660,300 
~ 

w 26 Columbia 6/6 6/7 50.4 1,861,400 48.0 892,800 777,400 - --
27 Columbi<l ·., I 6/8 52.2 1,834,400 39.6 726,900 657,800 - - -
28 Columbia 6/8 o/9 42.9 1,491,100 47.9 714,500 679,900 
29 Columbia 6/9 6/10 58. l 1,854 ,500 52.9 981,300 879,800 
30 Columbia 6/10 6/ll 41.6 1,347,800 47 .8 644,900 608,500 --
31 Colurroia 6/13 6/14 52.5 1,754,900 5~.Q 248 600 935,700 

32 Colurroia 6L]4 6l15 47. 1 1 .573,900 59.5 936,BQQ 891,900 
33 Columbia 6l]5 6/16 59.3 11901,600 44.3 B~3,3QQ 813,000 
34 Colurroia 6/16 6/17 40.0 11331, 100 44.9 522,400 576,900 
35 Colurroia 6/17 6/18 19.6 6681400 35,Z ZJB.ZOQ 226,100 
36 Columbia 6l20 6/21 43.9 1 ,601 ,900 42.3 677,500 645,600 

37 Columbia 6l21 6/22 33.8 1,520,700 52.9 805,100 730,800 

38 Columbia 6l22 6L23 21.0 767.900 52 2 400,700 ~800 
*Shipment Number 19 - a large percentage of the eggs received did not water harden precluding accurate egg viability 
estimates. The number of fry is an estimate. 



TABLE 3- 2 

VAN DYKE 
1983 

AMERICAN SHAD EGG TOTALS 

Total (all ri vers) 

Number of shipments 
Number of eggs received 
Volume of eggs received 
Average percent viability 
Tota 1 number of vi a lj e eggs 
Number of fry 
Number of fry stocked 

Totals (broken down by river) 

Pamunkey River 
Number of eggs received 
Vo l ume of eggs received 
Percent viability 
Total number of viable eggs 

James River 
Number of eggs received 
Vol ume of eggs received 
Percent viability 
Total number of viable eggs 

Hudson River 
Number of eggs received 
Volume of eggs received 
Percent viability 
Total number of viable eggs 
Number of fry 

Delaware River 
Number of eggs received 
Volume of eggs received 
Percent viability 
Total number of viable eggs 
Number of fry 

Columbia River 
Number of eggs received 
Volume of eggs received 
Percent viability 
Total number of viable eggs 
Number of fry 

38 
34,484,700 

938.6 1.. 
55.6 

19,183,800 
17,681,500 
4,047,610 

5,491,100 
145. 9 l 
71. 8 

3,943,200 

5,909,500 
154. 7 l 
69.6 

4,114,300 

1,172,400 
26.6 l 
72.6 

565, 100* 
606,900** 

2,402,100 
49.0 l 
48.0 

1,152,700 
1,118,300 

19,509,600 
562.4 l 
48.2 

9,408,500 
8,816 , 200 

*Shipment #19 is not included because of inability to accurately access low 
egg viability on eggs which do not water harden. 

**Reflects estimat.e.s of fry hatch from shipment #19. 
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TABLE 3-3 

SUMMARY OF VAN DYKE PRODUCTION 

1976-1983 

_,..-
1976 1977 1978 1979 

Vol ume of Eggs Received (liters) 120.3 145.8 381.2 164.8 
Number of Eggs Received (millions) 4. 0 6.4 14.5 6.4 

Egg Viability (percent hatch) 52.0 46.7 44.0 41.4 
Number of Viable Eggs (millions) 2.1 2.9 6.4 2.6 

Shad Stocked 

Fry (up to l") 518,000 968,901 2,124,000 629,500 
Fingerling (1" and larger) 266,000 34,509 6,379 34,087 
TOTAL 784,250 1,003,410 2,130,379 663,587 

Percent of Eggs Received which 19.4 
were eventually stocked 

15.9 14.0 10. 4 

Percent of Viable Eggs wh i ch J7.J 34 . 2 33.0 25.1 
were eventually stocked 

Total Shad Stocked from 1976 to 1983 - 19,371 , 310 

...... .... .... 
I 

...... 
Vl 

1980 1981 1982 1983 

347 . 6 286.0 624.3 938 . 6 
12 . 5 11. 6 25 . 9 34.5 

65 . 6 44.9 35.7 55.6 
8.2 5. 2 9.2 19.2 

3,526,275 2,029,650 5,018,800 4,047,61 
5,050 23,620 40,700 98,30 

3,531,325 2,053,270 5,059,500 4, 145 , 91 

28.3 17 . 7 19.6 12.0 

43 . 1 39.3 54 .8 21. 6 



TABLE 3-4 

VAN DYKE HATCHERY 
SUMMARY OF STOCKING ACTIVITIES 

1983 

FRY STOCKINGS 

Date Age (Days) Number 

5/13 25 163,100 
5/14 27 191,900 

23 85,100 
5/15 17 200,000 
5/22 22 251,500 
5/29 26 25,700 
5/31 30 27,800 
6/1 30 91,800 
6/2 21 375,000 

26 50,900 
29 289,900 
31 132,500 

6/3 18 220,300 
19 259,300 
21 70,800 

6/13 21 23,000 
6/14 22 40,000 
6/15 17 13,300 

15 10,000 
6/18 19 59,200 
6/19 18 10,000 

13 207,400 
6/20 12 73,400 

13 71,800 
21 32,100 

6/21 8 54,800 
12 295.500 

6/22 19 275,300 
6/25 13 189,300 
6/26 13 20,400 

14 48,200 
7/2 18 45,000 
7/5 19 42,000 

19 75,000 
7/12 21 26,300 

TOTAL 4,047 ,600 
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Date 

7/10 

7/13 

7/15 

8/30 

8/31 

9/14 

9/16 

10/05 

TABLE 3-5 

VAN DYKE HATCHERY 
SUMMARY OF STOCKING ACTIVITIES 

1983 

FINGERLING STOCKINGS 

Age (Days) Size (Inches) 

Not Known 1.5 

59 1.5 

70 1.5 

69 2.0 

63 1.0 

78 1.5-2.0 

82 2.0 

98-99 2.0-2.8 
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Number 

1,400 

1,750 

52,000 

3,850 

700 

20,000 

1,100 

17,500 
TOTAL 98,300 



Age (days) 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 

11 

12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 

TABLE 3 -6 
VAN DYKE 

1983 
MEAN PERCENT FRY SURVIVAL 

River(s) 
Pamunkey and James Hudson 

96.2 99.4 
88.2 96.7 
85.9 96 . 3 
84.8 95.9 
84.3 95 .5 
83.7 95.1 
83.2 94.5 
82.5 93.0 
81.4 91. 7 
80.2 87.9 
77. 7 74.9 
74.3 63.2 
70.8 55.3 
66 . 9 46.6 
63.0 37 . 4 
59.3 19.8 
55.8 8.0 
51. 6 
47.6 
42.0 
37.1 
32.1 
28.3 
25.1 
21. 9 
19.2 

I 11-18 

Delaware Columbia 

98.2 97.0 

96.2 94.3 
95.0 93.3 
93.1 93.1 
91.6 92.9 
89.6 92.5 
88.2 92.2 
86.8 91. 7 

85.1 89.2 
81.1 81.2 
72.7 66.5 

63.9 48.7 
59.7 36.7 
54.8 30.0 
39.4 27.4 
25.7 26 .4 

12.4 25.9 
25.5 
25 . 3 
25.1 
24.9 
24.6 
24.3 
24.2 
24.0 
23 .8 



TABLE 3-7 

VAN DYKE 
1983 

BUFFERED WATER TEST 

Water Qual i ty Parameters 

~H {S.U.) Alkal inity (mg/1} Hardness {mg/1 CaCOJ} 
Sample Collection Untreated Treated Untreated Treated Untreated Treated 

Date Trou91!. Tank Tank Trough Tank Tank Trough Tank Tank 

7/3 6.3 6.3 6.3 9.2 8.9 8.9 16 14 14 

7/5 6.4 7. l 8.6 9.2 9.2 28.7 16 14 29 

7 /7 6.7 6.7 6.7 9.2 8.9 17.4 12 14 14 ..... ..... ..... 7/9 6.7 6.5 6.6 7.0 6.0 8.0 14 16 16 I ,_. 
\0 

7 / 11 6.5 6.7 6.6 6.0 6.0 7.0 16 16 18 

7 /13 6. 6 5. 7 6.8 6.0 6.0 9.0 16 16 16 

7 /15 6.4 6.6 6.6 9.0 9.0 9.0 16 18 18 



TABLE 3- 8 

VAN DYKE 
1983 

BUFFERED WATER TEST 

Mean Percent Fry Survival 

Control Tanks Test Tanks 
Age (da.x:s) #1 #2 #3 Mean #1 #2 #3 Mean 

1 96.4 98.9 96. 1 98.8 98 . 2 
2 95.9 96.2 83.2 90 . 9 97.2 95.7 98.5 97.2 
3 95 .6 96 . 1 82.7 90.6 97.0 95.6 98. 3 97.1 
4 95.6 95.9 82.6 90.5 96 . 9 95.5 98.2 97.0 
5 95 .6 95.7 82 . 4 90 . 4 96 .8 95.4 98.2 96.9 
6 95.6 95 . 7 82.3 90.3 96.6 95.3 98.0 96 .8 
7 95.5 95.6 82 .2 90 . 2 96 . 5 95 . 3 97 .7 96.7 
8 95.2 94.8 82.1 89 .8 95.2 94.9 96.7 95.8 
9 92.0 91.9 80.9 87 .5 85 . 9 93.1 95.5 92.1 

10 85.9 69.1 80.1 78 .5 73.0 88 . 0 87.0 83 .6 
11 63.9 49 . 3 79.6 65 .8 58.9 76.0 68.3 68.5 
12 38.8 43.3 79 . 1 56 .5 53.0 58.7 57 . 3 56 .8 
13 27 . 7 41.2 78.6 52.4 50.0 46.4 55.2 50.9 
14 25.6 40.1 77. 9 51.3 47.9 44.6 54.5 49.4 

15 24.9 39.7 77.5 50.9 46 . 5 44.0 54 .0 48.6 
16 24.5 39.4 77 . 1 50.5 45.6 43.7 53 .6 48.1 
17 24.4 39.3 76.8 50 3 45. 0 43.6 53 . 4 47.8 

18 24 . 3 39 .2 76.4 50. l 44.4 44. 3 53 . 3 47 .5 

Hean Density: Control Tanks - 343,800 
Test Tanks - 349 ,600 
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TABLE 3-9 

VAN DYKE 

1983 

DRUG TREATMENT TEST 

Mean Percent Fry Surv i val 

Control Tanks Test ranks 

Age (Days) #1 #2 #3 Mean* #1 #2 #3 Mean 

1 97.3 93.1 99.3 97.5 

2 98.0 7.5 96.1 96.9 99.3 91. 7 90.7 93.8 

3 97.7 6.3 91.4 94.9 98.2 91.4 89 .8 93.0 

4 97 .5 6.3 91.0 94.6 97.7 91.3 89.6 92 . 7 

5 97.4 6.3 90.7 94.4 97.3 91. 2 89.5 92.5 

6 95.1 6.3 90.4 92.6 97.1 91.1 89.4 92.4 

7 95.0 6.2 90.3 92.5 97.0 91.0 89.3 92.3 

8 95.0 6.2 88.9 91. 9 96.9 90.7 88.9 92.0 

9 94.8 5.8 82.6 89 . 3 96.8 82.9 83.7 87.5 

10 94.3 4.3 64.1 81.8 96.0 48.6 69.6 79.5 

11 87 .5 2 .. 5 41. 5 68.0 93.2 35.5 57.5 70.0 

12 71.1 0 3.4 41. 0 67.9 23 .3 36.2 50.5 

13 48.1 0 0 22.5 46.7 11. 9 29.8 37.8 

14 34.0 0 0 12.0 35. 4 0 27.8 28.3 

15 29.7 0 0 8. 7 20 .4 0 27.1 23.3 

16 29.3 0 Q 8 5 16.1 0 26.8 21.8 

17 29.2 0 0 8.4 13.6 0 26.5 20.9 

18 29.2 0 0 8.4 12.9 0 26.2 20.6 

Mean Density: Control Tanks - 225,200 
Test Tanks - 355,900 

*Mean of Control Tanks #1 and #3 
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Age (Days) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

TABLE 3;..10 

VAN DYKE 
1983 

MEAN PERCENT FRY SURVIVAL (COLUMBIA RIVER) 
IN HEATED VS NON-HEATED WATER SOURCE 

Water Treatment 
Heated l~ater Non-Heated Water 

96.8 95.0 

93.7 94.1 

92.6 93.6 

92.4 93.2 

92 .3 92.5 

92.0 91.6 

91.8 90.6 

91.3 90.0 

88.6 88 .8 

80 .3 83.5 

64.9 74.4 

45.2 66.8 

31. 6 62.4 

24.4 61. 3 

21.0 60 .8 

19.8 60.3 

19.2 60.0 

18.8 59.8 

18.6 59.6 

18.4 59 .4 
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APPENDIX III-A AMERICAN SHAD CULTURAL RESEARCH 
Pennsylvania Fish Corrrnission 

Benner Spring Fish Resea rch Station 
Be 11 efonte, PA 

Introduction 

Effective management of cultured American shad depends on the ability to 

predict the success of larval survival through given periods of time. 

First-feeding herring larvae are particularly sensitive to food depriva­

tion (Werner and Blaxter 1980). The term "critical peri od" has been used 

to describe the period of developmental transit ion in larvae from endo­

genous (pro-larval) to exogenous (post-larval) feeding (May, 1974) which 

may determine the success of larval survival . Studies at the Van Dyke 

Research Station in 1983 were designed to define and describe develop­

mental characteristics related to nutrition; temporal growth and mortality 

patterns of larval shad; incidence of feeding; behavioral and morpho­

logical characteristics related to feeding; and, size selectivity of feed 

organisms by American shad larvae. 

An extensive effort was initiated in 1983 to rear Ameri can shad to fing­

erling size in ponds and raceways, and to determine oot imum stocking 

densities through the use of growth and su rvival information. Work was 

also done to determine if suitable techn iqJ~s could be developed to 

successfully harvest and transport the deli cate shad fingerlings from 

ponds and raceways. 
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Developmental Characteristics 
Related to Nutrition 

The objective of this study was to define larval stages related 

to nutrition and to quantify the incidence of feeding success from 

0 to 18 days of age. Hubbs (1943) defined two stages of larval 

development - a prolarval stage characterized by endongenous nutrition 

and a postlarval stage characterized by exogenous nutrition. Each day, 

from hatch to 18 days of age, approximately 50 shad larvae were sampled. 

Each larvae was examined to determine if a yoke sac was present, if 

exogenous feeding had occurred (Artemia present in the gut), and 

measured for total length (Tables A-1 and A-2). The prolarval stage 

lasted 5 days during which time 100 percent of the sample fish exhibited 

a yoke sac. Days 5 and 6 were characterized by mixed nutrition. It is 

interesting to note that on day 6, 52 percent of the sample fish had no 

food in the gut and no visible yoke sac. Following day 6, apparently 

nutrition was from exogenous feeding - the postlarval stage (Figure A-1). 

There was a substantial increase in the number of fish feeding on Artemia 

from days 5 to 10 and from day 15 on, between days 10 to 14 there was no 

apparent increase in the number of fish feeding. The pattern of growth 

closely resembled that of feeding with increases in length through day 

10, little increase in length from day 11 through 16, after which growth 

again continued (Figure A-2). 
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TABLEA-1 

VAN DYKE 
1983 

TEMPORAL PATTERNS IN GROWTH 
OF AMERICAN SHAD LARVAE 

Age (Days) Mean Length (mm) Range (mm) 
Mean Temperature of 

Rearing Unit (OF) 

0 8.7 7.3-9.5 60 

1 8.8 7. 6- 10.1 58 
2 9. 1 8.2-10.0 57 

3 9.2 8.5- 10.3 61 
4 9.5 8. 6-10. 5 60 
5 9.7 8.9- 11.0 62 

6 10.2 9.2-11.0 63 

7 10. 2 9.2- 11.2 64 

8 10. 3 9.4-11.6 66 
9 10.4 8.9-12.1 64 

10 10.0 8.2-11.4 63 

11 10. 6 9.2-12.0 63 

12 10. l 9.1-11.4 63 

13 10.1 9.2-11.3 63 

14 10.4 9.2-12.1 63 

15 10.2 9.6-11 . 6 63 

16 10.8 9.8-12.0 63 

17 10.8 10.0-12.2 64 

18 10. 4 9.5-12.5 63 

21 10.5 9. 1-12.0 61 

25 12.1 9.4-16.2 63 
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/ 
TAI:, 

VAN DYkc. 
1983 

DEVELOPMENTAL CHARACTERISTICS RELATED TO NUTRITION 

Endogenous and 
Age 

(Days) 
Endogenous Nutrition 
(Percent of Sample) 

Exogenous Nutrition 
(Percent of Sample) 

Exogenous Nutritl 
(Percent of Sam 1 

0 100 0 0 

1 100 0 0 

2 100 0 0 
3 100 0 0 
4 100 0 0 
5 100 22 22 
6 22 8 34 
7 0 0 20 

8 0 0 54 
9 6 0 32 

10 0 0 68 
11 0 0 36 
12 0 0 48 
13 0 0 48 
14 0 0 44 

15 0 0 78 

16 0 0 48 

17 0 0 76 

18 0 0 72 
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Temporal Patterns in Mortality 

of Larval American Shad 

The objective of this study was to determine age specific survival 

rates for American shad . An estimate of the number of fry (F) hd tched 

into each rearing unit was made using the van Bayer (1910) method of 

egg enumeration (modified slightly) to enumerate the number of live 

eggs (E1) and the number of dead eggs (Ed): 

F = E1 - Ed 

Mortalities were collected daily by syphoning the rearing units. 

An estimate of fish mortality (Mtd) was then made volumetrically for 

each rearing unit: 

where; 

mtd = number of dead larvae in a subsample for tank (t) on day (d); 

vtd = volume of subsample (40-50 ml); 

Vtd = total volume of mortality(£; 2,000 ml). 

Survival rate (S, %) was determined for the sampling period, day tx to 

day tx+i: 

S = Nx+i (100); 

w;-
Nx = number of fish alive on day tx , 

Nx+i = number of fish alive on day tx+i; 

i = sampling intervals (days). 

The fry in five tanks (from the last three Columbia River egg shipments), 

reared in unheated water, were used to determine mean age specific survival . 
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Despite some difference among uni ts, Amerii can shad 1 arvae demon­

strated temporal patterns in larval mortality (Figure A-3) . .... .,Initially, 

there was a slightly higher larval mortality from hatch to 2 days of 

age {5.9 percent), followed by a period of relatively low daily mor­

tality to 9 days of age {<0.75 percent). From 9 to 14 days of age 

there was a sharp increase in larval mortality {5.5 percent/day), 

after which mortality again returned to a low level (<0.3 percent). 
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Diel Variations in Feeding Intensity 
of Larval American Shad 

The object of this study was to determine if diel variations in 

feeding intensity existed and to determine if continuous light affected 

the feeding intensity of larval Ameri can shad. Shad larvae cultured 

in two sheltered rearing units (roof covered) receiving only indirect 

natural lighting were compared to larvae cultured in units where 

artificial lighting was constantly provided. The live food feeders 

dispensed a brine shrimp (Artemia) suspension to each rearing unit 

for 5 seconds every 5 minutes, 24 hours each day . At day 6, 12 and 

18 days of age, 25 larvae were sampled from each of the test units 

at 3 hour intervals during a 24-hour period. Samples were examined 

to determine if feed (Artemia) was present in the gut. Diel 

variations in feeding intensity in test units were determined using 

incidence of feeding (IF, %): 

IF = (100); 

Total number of fry sampled on 
day (i); hour (h); 

Number of fry with feed in the gut 

Total length was determined for each tes un it from a sample of 50 

larvae on each test day . Daily mortali ~y was recorded for all test 

units. 

The mean percent of larvae feeding increased with age in both 

natural (30 percent at 6 days, 45 percent at 12 days, and 68 percent 

at 18 days) and artificial lighting (43 percent at 6 days, 58 percent 

at 12 days, and 72 percent at 18 days) ~(TablesA-3 andA-4). At 6 to 

12 days of age there were diel variations in feeding intensity with 
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the peak incidence of feeding in the evening hours (1800-2100) . At 

18 days of age, there was no obvious peak in feeding activity but a 

more uniform pattern of feeding. Feeding continued but declined in 

intensity for all ages at night (Figures ~-4, A-5, and A-6). 

Continuous lighting apparently resulted in a higher incidence 

of feeding at 6 and 12 days of age. The differences between natural 

and continuous lighting were much l ess distinct at 18 days of age. In 

all cases, but particularly at 12 days of age, continuous lighting 

resulted in a higher incidence of feeding at night. At 6 days of age , 

l arvae had a mean length of 9.6 mm and at 12 days of age, 10.3 mm for 

natural light, compared to 9.8 at 6 days of age, and 10.4 at 12 days 

of age for fish reared in continuous light. Growth was slightly better 

for larvae reared in continuous lighting. The larvae reared in natural 

light were 10.8 mm at 18 days of age while larvae reared in the con­

tinuous light was 10.7 respectively . There was little difference in 

mortality between treatments once feeding had begun (Figure A-7). 
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TABLE A-3 
VAN DYKE 

1983 
DIEL VARIATIONS IN FEEDING INTENSITY OF LARVAL 

AMERICAN SHAD REARED UNDER NATURAL LIGHT 

INCIDENCE OF FEEDING 
(PERCENT OF LARVAE WITH FEED IN GUT} 

6 12 18 

Trial Trial Trial 
Time 1 2 -

X 1 2 X 1 2 -
X -

w 
I "'9:00 a.m. 0 56 28 28 56 42 76 56 66 .p 

0 

12:00 p.m. 12 44 28 72 32 52 44 88 66 

3:00 p.m. 32 J2 32 44 48 46 48 84 66 

6:00 p.m. 44 24 34 80 40 60 76 84 80 

9:00 p.m. 24 56 40 68 72 70 88 84 86 

12:00 a.m. 52 16 34 40 52 46 68 84 76 

3:00 a.m. 16 32 24 16 32 24 76 72 74 

6:00 a.rn. 12 24 18 16 16 16 16 44 30 .__ 

Mean of Sample(%) Feeding 30 45 68 



TABLE A-4 

VAN DYKE 
1983 

DIEL VARIATIONS IN FEEDING INTENSITY OF LARVAL AMERICAN 
SHAD REARED UNDER ARTIFICIAL LIGHT (24 HR) 

INCIDENCE OF FEEDING 
{PERCENT OF LARVAE WITH FEED IN GUT) 

- Age (Oats) 6 12 18 
Trial Trial Trial 

Time 1 2 - 1 2 - 1 2 -
X X X w - - -

I 
~ 9:00 a.m. 32 28 30 48 52 50 88 48 68 __, 

12:00 p.m. 48 36 42 48 68 58 80 84 82 

3:00 p.m. 32 i b 30 64 52 58 88 68 78 

6:00 p.m. 64 52 58 84 64 74 80 84 82 

9:00 p.m. 64 60 62 76 60 68 88 64 76 

12:00 a.m. 48 52 50 72 40 56 80 52 66 

3:00 a.m. 36 44 40 72 36 54 92 48 ~o 
6:00 a.m. 44 16 30 68 24 46 64 44 54 

Mean of Sample(%) Feeding 43 58 72 
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Behavioral Characteristics Related To 
Feeding in Cultured American Shad Larvae 

The objective of this study was to determine the behavioral char­

acteristics related to feeding in cultured American shad larvae fed 

brine shrimp. Larvae were cultured in 1.524 m diameter, 1,100 L 

circular rearing units with a mean water flow of 6 L/min. Fry were 

fed a brine shrimp suspension from two automatic live food feeders 

on each tank which released the suspension for 5 sec. every 5 min ., 

24 hr/day. 

The study was conducted with larvae 6 to 12 days of age. On 

each test day, the mean length and mouth width of the larvae, and 

the mean length and width of the Artemia (excluding appendage) to 

be fed were determined. At each age group, seven larvae were 

individually observed. Each larvae was placed in a 7 L clear 

plastic cylindrical unit containing 3 L of water, and observed for 

a period of 1 hour while Artemia were presented in such a manner as 

to be continually available to the fish (an equal quantity of nauplii 

were presented to all fish of a particular age group during the test 

period). The number of orientations between strikes, t he amount of 

time between strikes, the number of striker and the number of 

successful strikes were recorded. The ph ical act of striking was 

also described for both 6 and 12 day ol d arvae. 

At 6 days of age larvae had an average length of 10.3 mm and 

the horizontal width of the mouth was 0.76 mm . The larvae would 

strike at Artemia (0.55 mm in mean length, 0.19 mm in mean width) 

with nothing more than a 11 sprint swim11 or would simply 11 plow11 through 

the Artemia at the water's surface . The larvae made an average of 16 

orientations, and seven strikes, three of which were successful, in 

the hour observed. 
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At 12 days of age, larvae averaged 10.5 mm in length and had a 

mean mouth width of 0.87 mm. When attempting to feed, larvae would 

orient themselves on an individual shrimp (0.52 nvn in mean length, 

0.19 mm in mean width), drop back, coil into an 11 $ 11 shape and strike 

hard at the prey. The larvae averaged 55 orientations, 18 strikes, 

and nine successful strikes during the hour observed (Table A-5). 

At 12 days of age, shad larvae more actively sought feed as 

indicated by the increased number of orientations (55), but were 

more selective in feeding as seen by comparing the mean number of 

strikes per number of orientations; 0.4 for 6 day old larvae, and 

0.3 for larvae to 12 days of age. Older larvae were slightly more 

efficient at feeding with 50 percent of the strikes resulting in 

successful capture of prey at 12 days of age, compared to 43 percent 

at 6 days of age (Table A-6). 
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Age: 6 days 

Sample 

1 
2 

3 

4 
5 

6 
7 

Means: 

Age: 12 Days 

Sample 
1 
2 

3 
4 

5 
6 
7 

Means: 

TABLE J\..5 

VAN DYKE 
1983 

Feeding Characteristics of Cultured Larval American 
Shad being fed Brine Shrimp (Artemia salina) 

Number Number Successful 
Orientations Strikes Strikes 

13 3 0 
18 8 4 

17 7 5 

14 7 3 
14 4 1 
22 10 4 
17 9 4 
16 7 3 

Number Number Successful 
Orientations Strikes Strikes 

47 16 5 
60 22 13 
53 19 11 
52 b 8 
50 15 8 

64 18 10 

59 17 10 
55 18 9 

3-48 



TABLE A-.6 

VAN DYKE 
1983 

Ratio of mean number of Strikes to the mean number of approaches 
of American Shad Feeding on Brine Shrimp (Artemia salina)for 1 hr 

Age (days) 

6 

Ratio Strikes/Approaches 

12 
7/16 = .438 

18/55 = .327 

Mean Number of Successful and Unsuccessful Strikes in 1 hr by 
American Shad feeding on Brine Shrimp (Artemia salina) 

Age (days) 

6 

Successful Strikes Unsuccessful Strikes 

12 

3 

9 

Mean Successful Strike percentage of American Shad feeding on 
Brine Shrimp (Artemia salina) for 1 hr 

4 

9 

Age (days) 

6 

Successful Strikes (%) 

12 
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Size Selectivity of Feed Organisms 
By American Shad Larvae 

The objective of the study was to determine if there was size 

selectivity of Artemia by larval American shad. Larvae 6 days of 

age were selected because of the small size of the fry and at this 

age the larvae have exhausted the yoke as a nutritional source and 

will have begun or soon will have to begin to feed exogenously. 

The electivity index of Ivlev (1961) was used to compare the size 

distribution of Artemia in the stomach of larvae to its distribution 

in the feed suspension. 

Electivity Index = 
(r. -p.} 

1 1 

(r.+p.) 
1 1 

r . = the concentration of Artemia, size class i, 
1 in the stomach; 

p. = the concentration in feed suspensions . 
l 

The index theoreti cally ranges in value from +0.1 (maximal selec­

tionl to - 1.0 (maximal avoidance), with a value of 0.0 indicating that 

an item is eaten in the frequency of its occurrence. 

The maximum width and length of Artemia, excluding appendages, 

were measured. The mean length was 0.51 mm and mean width 0.19 mm. 

Results of the study suggested that larvae ~id sel ec t slightly for 

Artemia smaller than the mean length and ~,d th (0.13 and 0.15 

respectively) with a rejection of those 1reater than the mean length 

and width (-0.22 and -0.19 respectively). In addition, the electivity 

index demonstrated a more definite avoidance (-0 .60) of the larger 

Artemia (>.55 mm) which comprised 13 percent of the sample (Figure ,A-8). 
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.American Shad Density Study 

A. Raceways 
•,'' 

The study's objective was to determine, by fish growth and survival, 

optimum fish density to rear juveni le American shad in racew;1ys. The 

tE!st was run at the Benner Spring Research Station. Fry were obtained 

from the Van Dyke Research Station . Total transport time was approx­

imately 3 hours including preparation for shipment. Fry were transported 

in plastic bags containing approximately 7 to 11 liters of water. The 

ba19 was then inflated with oxygen, sealed and placed inside a styrofoam 

box for shipment. 

Shad fry were reared to fingerling size (44 nm+) in four 12.19 m 

bj' 2.44 m raceway sections, each with an independent water supply and 

dishcarge. Water depth was 0.56 m. Water was supplied to each section 

from two sources, a warming pond which was set to provide 30 L/min and 

a well which was set to provide 9 L/min. Mean water temperature was 

22°c and ranged from 17.8 to 21.2°c (Table A-7). 

The shad fry, 26 days of age, were planted at estimated densities 

of 0.6 fish/L (10,300 fry), 1.2 fish/L (20,600 fry), 1.9 fish/L 

(310,400 fry), and 3.1 fish/L (51,500 fry) in four raceway sections. 

Thie number of fry per shipping container used to stock raceway sections 

wa.s estimated by dividing the product , estimate for a rearing unit by 

the number of containers. Estimates ~e re made in this manner to 

facilitate the transfer of fish and reduce handling stress. 

Fish were initially fed on natural feed coming in with the water 

suipply, although some brine shrimp were provided during the first few 

days. Dry feed (Abernathy starter) was hand-fed to excess four times 

each day for the first week, then increased to eight times daily. 

Fry were held in the upper half of the raceway unti l 40 days of age, 
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then allowed to utilize the entire raceway section. At 44 days of 

age, two MoDo feeders were placed above each section and set to feed 

10 sec. (and later changed to 15 sec . ) every 10 min. during daylight 

hours . Fingerlings were harvested at 69 days of age. 

To facilitate harvest, the water level was lowered and fish were 

crowded to the end of a section using a push screen. Fish were counted 

by water brailing into a transportation unit. Mean percent survival 

was 10.9 (Table A-8). Growth and harvested density were greatest in 

the unit initially stocked at 1.9 fish/liter (FigureA-9) . The number 

harvested was proportional to the number stocked except for the high­

est density (Fig. A-10). The linear relationship of the three low 

densities indicates that survival was proportional to the stocked 

densities and that the carrying capacity had not been exceeded. The 

reduced survival in the highest density unit (3 . 1 fish/liter) apparently 

indicates that the carrying capacity was exceeded; therefore. optimum 

density, under the conditions described appears to be between 1.9 and 

3.1 fish/liter in raceway sections. Additional experimentation will 

have to be done before definite conclusions can be made. 
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Date 

7/20 
7/21 
7 /22 
7 /23 
7/24 
7 /25 

7/27 
7/28 
7/29 
7/30 
7/31 
8/01 
8/02 
8/03 
8/04 
8/05 
8/06 
8/09 

8/10 
8/11 
8/12 
8/14 

8/15 
8/16 
8/17 
8/18 
8/19 
8/21 

Mean 

TABLE A -7. 

BENNER SPRING - 1983 
AMERICAN SHAD DENSITY STUDIES 

RACEWAY TEMPERATURES 

Tem~erature 
8:30 a.rn. 

24.4 

27.2 
23 .3 
22.2 
23 . 3 
22.2 

23.3 
21.1 

21.1 
21.1 
21.1 
21. 7 
20.6 
20 . 6 
20.6 
20.6 

20.6 
21.1 
20.0 
20 . 6 
21.1 
17.8 
17 .8 
18. 3 
17.8 
18.9 
20.0 
20.0 

21; .0°c 
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2:30 p.m. 

26 .7 
26.7 

26 .7 
23 .4 
24. 4 

25.6 
26.1 
23.3 
22.2 
23.3 
23.3 
23. 3 
22.8 
23.3 
21. 7 

21. 7 
22.2 
23 . 9 
22. 2 
20.6 
19.4 
20.6 
20.6 
21.1 
21. 7 
21.1 
22.8 
21.1 

22 , fl0 c 



w 
I 
u, 
u, 

Rearing 
Unit 

1 

2 

3 

4 

A~Days) 
Introduction Harvest 

26 

26 

26 

26 

69 

69 

69 

69 

*Estimated density 

TABLE A-8 

BENNER SPRING 
1983 

AMERICAN SHAD DENSITY STUDIES 

RACEWAYS 

Introduction* 
Number Stocking 
Fi sh/L Rate 

0.62 

1.24 

1.86 

3.10 

10,300 

20,600 

30,900 

51,500 

Densit_y 

Harvest 
Number . Stocking 
Fish/L Rate 

0.09 

0.14 

0.22 

0.19 

1,450 

2,400 

3,600 

3,200 

Percent Size (mm) 
Return Harvest 

14 . 1 59 (0 .8 g) 

11. 7 44 (0.5 g) 

11. 6 59 (1.2 g) 

6. 2 51 (0 .9 g) 
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8. Ponds 

The object of this study (to determine optimum fish density in 

American shad cultured in ponds}, shipment of fry, and location of 

the study were similar to that described for the raceway density 

stud,Y. Shad fry, 19 to 20 days of age, were planted into 0.18 

ha ponds with a mean depth of 1.28 m. Water was added to the 

ponds only to maintain level. Initial stocked densities were 

269,000 fry/ha (48,000), 483,000 fry/ha (86,000), 977,000 fry/ha 

(174,000), and 1,504,000 fry/ha (268,000) in the four ponds 

respectively. Initial densities were attained in a manner similar 

to that described for the raceway study. Ponds were fertilized 

on July 1 with sheep manure immediately prior to filling. Ponds 

were filled by July 3 and fertilized weekly using inorganic 

fertilizer (20-20-5). Fertilization was discontinued on August 11 

because of excessive growth of filamentous algae. During fry 

metaimorphosis dry feed was used to augment available natural feed. 

Supplemental feed was discontinued following the filamentous algae 

problem. Mean water temperature was 26°c, ranging from 21 to 
0 28 C through the season. 

Fish were harvested by slowly drair i, g the ponds into k~~tle 

type bulkheads which were 1.37 m wide, 35 m long, and 0.46 m deep . 

The kettle basin was cleaned as the watei· level dropped and the 

majority of fish moved into the kettle basin. Because of improper 

grading, the ponds did not drain completely and groups of fish were 

stranded in shallow pools, primarily located in front of the catch 

basin. Handling survi(al during harvest of the four ponds was about 

90, 80 to 85, 95, and 95 percent respectively. A 99 percent plus 

harvest could probably have been achieved with complete pond drainage . 
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When fingerlings were concentrated in the kettle basin, the water 

level was lowered and fish were crowded to an end using a push screen . 

Fish w~re bucketed from the kettle basin and placed in a small trans­

portation unit equipped with a quick release. The fingerlings were 

then quick released into a raceway section. Fish remained in the 

raceways for a sufficient time (72 hours) to evaluate delayed mor­

tality and were then put in stocking units in the manner described 

for raceways. Total mortality (following harvest) for fingerlinq 

shad reared in ponds was 2.2 percent or less after 3 days. 

The number of shad fingerlings harvested from the ponds was 

proportional to the number stocked with the exception of the pond 

receiving 1,504,000 per ha, the highest density planted. Growth 

was variable with the largest fish harvested from the lowest density 

pond (Figure A-11). Mean percent return was 7.8 (Table A-9). The 

linear relati onship of survival for the three low densities indicates 

that survival was, as in raceways, proportional to the stocked densities 

and that carrying capacity had not been exceeded. The highest survival, 

18,100 fingerlings (10l,600fingerlings per ha), did not result from the 

highest stocking density; therefore, it would appear chat the carry-

ing capacity was exceeded (Figure A-12). The or1..1 ,num density, under 

the conditions described, appears to be 1 •tween 977,000 per ha and 

1,504,000 per ha. Further studies shou delineate the optimum density. 

The small standard deviation in percent return for ponds and 

raceways (1.4 for the three lowest raceway densities and 1.8 for the 

three lowest pond densities), demonstrated no apparent differences in 

fish loss (such as transport mortali ty, escapement or differential 

mortality a~ong rearing units). The differences in mean percent return, 

although small, between raceways and ponds (with the exception of the 
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hiHh densities which appeared to have exceeded carrying capacity) may 

be attributed to different shipments of fish, predation, or different 

ages at planting. Since the difference in percent return was small 

(<ti percent) between raceways and ponds, it appears that preda4 ion in 

thE! ponds did not account for major fish loss during these studies. 
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TABLE A-9 
BENNER SPRING 

1983 
AMERICAN SHAD DENSITY STUDIES 

PONDS 

Introduction* 

Rearing Age (Days) Number Stocking 
Unit Introduction Harvest Fish/Hectare Rate*** 

1 19 64 269,000 48,000 

2 19-20 68-69 483,000 86,000 

3 19-20 gs-~~ .. 977,000 174,000 

4 19-20 71-72 1,504,000 268 ,000 

*Estimated density 

**Samples for growth were collected when fish were 70-71 days of age 

***0.18 Hectare Ponds 

Density 

Harvest 
Number 

Fish/Hectare 

20,200 

34,200 

101,600 

89,800 

Number*** Percent Size (mm) 
Harvested Return Harvest 

3,600 7.5 74 (3.6 g) 

6,100 7.1 62 (2 .1 g) 

18,100 10.4 69 (2.6 g) 

16,000 6.0 54 ( 1. 1 g) 



Evaluation of the Harvesting and Transporting 

of American Shad Fingerlings from Raceways 

There has already been a great deal of work relative to the trans­

portation of American shad fingerlings. This year's efforts were 

qualitative evaluations designed to detennine the success that could 

' be expected when harvesting fingerlings from raceways and trasnporting 

the fish in a standard, rectangular, Pennsylvania Fish Commission 

transportation unit. 

To harvest fingerlings, the water level was lowered and fish were 

crowded to the end of a raceway section using a push screen . Fish 

were counted into the trout hauling unit by water brailing. No water 

treatments were used. Initially, 3,600 American shad fingerlings, 

58 mm in length (1.2 g), were loaded into a standard quick release 

trout distribution unit. The transportation unit had three compartments 

with a total volume of 3,780 L. Two compartments have a volume of 

about 1,080 Leach while the third compartment held about 1,620 L. 

Following loading, the fish were released directly back into the 

raceway using the quick release system. Instantaneous mortality due 

to handling was 0.2 percent (seven fingerl ings) . Mortality after 24 

hours was an additional 0.6 percent (20 f 11gerlings). 

A second group of 3,200 fingerlinq, , 51 mm in length (0.9 ~) 

was counted and loaded. These fingerli 1gs were transported for 

one-half hour and quick released back into a raceway. Instantaneous 

mortality was 0.3 percent (nine fingerlings) and 24-hour mortality 

was an additional 0.4 percent (12 fingerlings). The highest density 

transported in a standard transportation unit was ~5 fish/L for a 
~ 

5-hour period. There was no observed mortality. 
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A qualitative evaluation was made in October on the suitability 

of a new fiberglass transportation unit (mounted on a gooseneck tra iler) 

for transporting American shad fingerlings. Compartments were loaded 

so that the effect of the following transportation related ite~s could 

be noted: 1) Exceeding the carrying capacity of a compartment; 

2) aerators vs disfused oxygen for aeration during transport; and 

3) the 48-hour mortality followi ng transport. 

The shad fingerlings. 45 mm in length (2.6 g), were harve~ted 

from a pond October 5, then counted and transported October 6. The 

fish transportation unit was a six compartment unit; compartments 

were equal in volume with a total volume of 3,200 L. The quick 

release was a single, 152 rrrn manifold on the side of the unit. 

Compartments were loaded at the following densities: Compartments 

one and two, 8 fish/ l (4,000 fingerlings); compartment three, 

4 fish/L (1,800 fingerlings); compartment four, 6 fish/L 

(3,000 fingerlings); compartment five, 5 fish/L (2.900 fingerlings); 

and compartment six, 11 fish/L (6,000 fingerlings). Mean loading 

and transport time was 5.1 hours. Aeration in three compartments was 

accomplished by lightly bubbling pure oxyqen throug~ the water, 

aerators were used in the remaining compd~tmPnts . Compartment six, 

with 6,000 fingerlings, 11 fish/L, was 5su1ned to be over the ~arrying 

capacity. The high density compartmen ~as aerated with bubbled 

oxygen. One compartment, 8 fish/L (4,000 fingerlings), was returned 

to Benner Spring for a quantitative evaluation. This compartment had 

a mean loading and transport time of 7 hours and received both types 

of aeration for equal periods of time. 

It was obvious at planting that bubbled oxygen was less stressful 

to the fish than aerators for aeration. Scale loss was higher in 
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compartments using aerators than in compartments where bubbled oxygen 

was used. It was also obvious that instantaneous mortality was higher 

in aerator compartments although no quantitative measurements were 

taken. The high density compartment (11 fish/l) appeared to have the 

highest mortality; therefore, it is assumed that 11 fish/L exceeds 

the carrying capacity for this type of transport unit. Mortality of 

fingerlings returned to Benner Spring (7 hours transport with the 

aerator used for 3.5 hours) was 10 percent (400 fingerlings after 

24 hours) with an additional 2 percent (70 fingerlings) after 

48 hours. 

These preliminary tests indicated that, under appropriate cond i ­

tions , there should be little or no difficulty in harvesting and 

transporting American shad fingerlings from raceways and ponds. 

I 

' 
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JOB IV EVALUATION OF SHAD STOCKING 

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

Harrisburg, PA 

INTRODUCTION 

Joseph A. Nack 
National Environmental Services 

Lancaster, PA 

The purpose of stocking prespawned adult shad in the upper Susquehanna 

River and hatchery reared fry and fingerlings in the Juniata River is 

to produce a stock of shad, imprinted to the Susquehanna system, which 

will emigrate to sea and later return to the river as spawning adults. 

Evaluation of the results of these stockings is important for several 

reasons. North Branch collections of juvenile shad reveal whether or 

not natural reproduction of transplanted adults has occurred. Abundance 

and distribution of these progeny and condition of the fish are indica­

tors of the strength of the year class produced and the relative health 

of the stock. Juniata River collections indicate success of the hatchery 

effort in producing outmigrant fingerlings. Below the confluence of 

the Juniata, all shad emigrants intermingle and cannot be differentiated 

as to source. Collection of young shad at hydroelectric projects in 

the lower river provides useful information on timing of the migration 

and survival through impoundments and over (or through) hydrodams. 

Finally, collection of juvenile shad below Conowingo Dam in late fall 

indicates success of the program in producing shad which survive the 

numerous obstacles to emigration from the river. These are the potential 

recruits to the restoration program. 

The 1983 evaluation program in the North Branch was similar to that 

conducted in 1981-82 in that only a limited amount of effort was expended 
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over a long stretch of river. This was necessary due to funding con­

straints and the primary need to confirm spawning success. Once juveni16 

w,ere collected, all effort concentrated on defining those sites which 

could be worked effectively and sampled repeatedly (with success) to 

establish relative abundance index stations for future year comparison. 

Work done in the lower river hydroproject forebays was designed to 

establish a technique to catch shad repeatedly at all projects and 

to better understand movements, timing and success in passing these 

barriers. Efforts below Conowingo Dam were dramatically expanded in 

1983, with Maryland Tidal Fisheries taking a lead role in an attempt 

to determine suitable collecting sites and gears and to define timing 

of migration and develop a baseline index of abundance. 

The authors extend their appreciation to Tom Koch, Chris Frese, 

John Foster and Ted Jacobsen for their contributions to this report. 

EVALUATION OF SPAWNING SUCCESS OF ADULT SHAD 

As in past years, National Environmental Services, Inc. was contracted 

by SRAFRC to sample the North Branch Susquehanna River for juvenile 

shad. Ichthyological Associates (Susquehanna River Ecological Study, 

Berwick, PA) sampled the river near Beach Haven for larvae (biweekly 

pump samples), juveniles (monthly seining), and adult fishes (monthly 

e·lectrofishing) throughout the surmner. This survey, conducted at sev­

eral sites, was part of the post-operational impact analysis for PP&L 1 s 
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new Susquehanna Steam Electric Station. No American shad were taken 

in any collections here, indicating that young shad were probably 

further upstream in nursery areas nearer to adult release sites. With 

only 2 weeks scheduled for the North Branch evaluation , NES initiated 

sampling at the NY-PA border and worked progressively downriver. 

Since seines were the principal collecting gear employed, sample 

locations were typically deepwater pools near river access sites. 

North Branch Sampling Schedule and Methods 

Juvenile shad sampling began on August 26 and continued through Septem­

ber 11 with a total of 10 collecting days during the period. The area 

from Sayre to Terrytown was sampled on August 26-28 and on August 29-30, 

NES personnel moved downriver to sample from West Falls to Duryea. 

No sampling was conducted from August 31 to September 6. Operations 

continued on September 7-9 between Duryea and Wilkes-Barre. On Septem­

ber 10, collections were made at the Duryea-Pittston area in the morning 

and moved upstream later in the day to the river reach from Mehoopany 

to Tunkhannock. Field sampling ended at Wilkes-Barre on September 11 

and NES continued to maintain contact with IA-Berwick in the event that 

shad were taken in their routine monitoring program. Sampling locations 

are shown in Figure 4.1. 

The principal gear used to sample for juvenile shad in the upper Sus­

quehanna River were seines, electroshocker, and cast nets. Electro­

fishing gear was an AC/DC backpack unit (100-150 volts AC) equipped 

with two 5-ft. probes, modified to be used from a boat. Cast nets of 
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14·, 16, and 20-ft. diameter were used in areas not practical for use 

of electrofishing gear or seines. Prior year efforts on the Susquehanna 

and Juniata rivers showed that seines were the most successful gear 

for sampling juvenile shad. Haul seines were the principal gear used 

ini 1983 and the three nets measured 50'x4'(!.i 11 mesh), 50'x4'(3/8"mesh), 

and 150 1 x6' (~"mesh). The nets were used interchangeably as topography 

and water depth dictated. 

A 10-18 mile stretch of river was sampled daily with a typical days 

operation consisting of 15-20 seine hauls and 1-2 hours electrofishing. 

The length of time needed to execute one haul ranged from 15-25 minutes, 

depending on substrate, the number and size of fish taken, and flow 

conditions. Generally fishing operations were conducted between 0900 

hours and 2000 hours. Night sampling occurred between 2000-2300 hours 

on two occasions. 

IA-Berwick continued monthly electrofishing surveys near Beach Haven 

throughout the fall . In addition to field collections, contact was 

made with PP&L and UGI to monitor intake screens for impinged shad at 

power plants located at Sunbury, Beach Haven, and Hunlock Creek. 

Personnel from IA conducted the survey at Susquehanna SES between 

August 22 and October 14. Screens were washed three times daily (once 

each shift) and cumulative washes were examined daily. UGI personnel 

monitored intake screen washes three times each day at Hunlock Creek 

SES between August 17 - October 14, and PP&L employees followed the 

same procedure at Sunbury SES between September 13 - October 31. 
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Results of North Branch Sampling 

Between August 29 and September 11, 83 juvenile shad were collected 

from the upper Susquehanna River over a 50-mile stretch of river. 

Shad were first collected at Falls, PA on August 29 and continued to 

be taken every sampling day thereafter. All shad were collected with 

haul seines (Table 4.1), and the number of fish taken per haul ranged 

from one on August 29-30 at Falls to 26 on September 10 at Duryea . 

Shad were taken on seven consecutive sampling days over a lengthy 

river reach suggesting that spawning was successful and the fish 

were broadly distributed. 

Shad grew well in the Susquehanna River. Juveniles collected on the 

upper river ranged in length from 93-133 mm FL (Table 4.2). Mean 

length during the evaluation was 108 mm in August and 116 mm in September. 

Water temperature ranged from 75-80~F during this sampling period. 

One of the objectives of the 1983 evaluation was to locate sample 

stations which could serve as monitoring sites for relative abundance 

analysis from year-to-year. These stations are characterized as areas 

where seines can be used effectively, are easily accessible by boat, and 

produce abundant numbers of shad on more than one occasion. Four areas 

meeting these criteria were identified. They are located over a 50-

mile stretch of river from Tunkhannock to Wilkes-Barre. One area which 

produced best results is located at Caxton Yards near the Duryea/Pittston 

border. Shad were taken on every sampling occasion there. A total 

of 57 shad were taken from this stretch of river on four sample days. 
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Another apparent useful location is the Wilkes-Barre site where shad 

were taken during both the 1981 and 1983 surveys. A total of 18 shad 

were taken on the 2 sampling days at this site in 1983 . Two other 

potential relative abundance survey locations are at Falls and Tunk­

hannock where small numbers of shad were taken on sampling days this 

year. Of particular interest is that all sites previously mentioned 

are located within 50 yards of a rapid water area and/or are deep 

backwater pools. 

IA-Berwick reported taking one shad (127 mm) at Beach Haven on September 

22 using electrofishing gear. No shad were taken from any of the 

intake screen samples at Hunlock Creek, Susquehanna SES, or Sunbury. 

EVALUATION OF HATCHERY STOCKED SHAD IN THE JUNIATA RIVER 

A survey of the lower Juniata River conducted in the late summer of 

1981 indicated that juvenile shad from the Van Dyke hatchery were readily 

available to capture by haul seine near the river mouth at Amity Hall. 

This one site was successfully sampled in 1982 and again in 1983. The 

purpose of collecting shad in the Lower Juniata is to determine whether 

or not hatchery-reared fish grow normally and migrate downstream in 

the fall similar to their naturally produced counterparts. 

Personnel from the Pennsylvania Fish Commission, Susquehanna River 

Basin Co1m1ission, and U.S. Fish and Wildlife Service were involved in 

the Juniata River collection program. Sampling difficulties precluded 

establishment of a relative abundance index in 1983. 
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Sampling Schedule and Methods 

Sampling with seines at Amity Hall was loosely scheduled to occur bi ­

weekly during September and early October as personnel and equi pment 

were available. In 1982, a similar schedule was cut short once confirm­

ation of juvenile shad in the area was achieved (2 sample days). 

This same format was followed in 1983 with successful seining occurring 

on September 8 and 23. 

The four-man seine crew met at the PFC Amity Hall access area in the 

early morning, and working with a 75' x 6' x ~" mesh seine, made 

6-8 hauls each day at several locations near a cove downstream from 

the boat ramp. Numerous difficulties were encountered with submerged 

snags, winds and currents. In most instances the net set poorly and 

could not be considered as a successful set - taking advantage of the 

full dimensions of the gear. A second boat was needed to help detach 

the leadline from snags, but was not available during this survey. 

Thus, no relative abundance baseline index was established for 1983. 

Results 

On September 8, 3 American shad averaging 105 mm FL were co11ected at 

Amity Hall in six hauls of the seine. On September 23, 11 shad repre­

senting two distinct size groups were collected in eight hauls. These 

fish averaged 50 mm (n=6) and 96 mm (n=S). One of the larger fish 

had a deformed lower jaw. Numerous juvenile cyprinids and cent rarch ids 

were taken in these collections and water temperatures were 69- 75cF. 
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EVALUATION OF DOWNSTREAM MIGRATION THROUGH HYDROELECTRIC IMPOUNDMENTS 

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

from upstream sources have moved to the lower river and whether or not 

they are successfully passing through hydroprojects and impoundments 

on their way to Chesapeake Bay. Hatchery and naturally produced shad 

cannot be differentiated and fish collected in the lower Susquehanna 

are attributed to both sources. 

National Environmental Seirvices, under contract to SRAFRC sampled hydro­

electric project forebays at Holtwood, Safe Harbor, and York Haven during 

October through early December. Safe Harbor Water Power Corporation 

employees made daily inspections of turbine cooling water strainers at 

that project, and Radiation Management Corporation (RMC) biologists from 

the Muddy Run Lab (under contract to PECO) sampled the Peach Bottom 

Atomic Power Station (PBP1PS) water intake screens, Conowingo Dam strainers, 

and the Conowingo forebay area immediately above the dam. Below Cono­

wingo, RMC sampled for shad with an experimental incline net in the turbine 

discharge, and with gill nets in the tidal river. Maryland DNR (Tidewater 

Fisheries) conducted extensive sampling for juvenile shad using traditional 

collecting gear in the tidal river and Susquehanna Flats. The 1983 

juvenile shad assessment from York Haven to the river mouth was much more 

comprehensive than in past years. 

Methods and Sampling Schedule 

York Haven Project - NES personnel sampled the trash rack area using a 

20-ft. diameter nylon cas.t net (~'' mesh) on three occasions in October 

and three in November. 
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Safe Harbor Project - NES personnel sampled the trash gatewell inside the 

forebay; the first two regulating gatewells outside the forebay; and on 

occasion, both sides of the forebay skimmer wall using a 20-ft. diameter 

cast net during late October and November (6 sample days). On November 30 

and December 8 a 16-ft. diameter cast net (mono) was used in the trash 

gatewell. Safe Harbor personnel made daily checks of cooling water 

intake strainers for impinged shad during October 1 through December 15. 

Controlled spills were provided at the trash gate on several sampling 

occasions in November. 

Holtwood Project - The turbine intake area was sampled by NES with a 

20-ft. diameter cast net on four occasions during late October through 

mid-November and with a 16-ft. cast net on two dates in late November 

and early December. 

Peach Bottom Atomic Power Station - Intake screens washings at Peach 

Bottom were examined on 24 occasions between October 14 and December 12. 

All impinged fish were accounted for by RMC during this 2 month period. 

Conowingo Project and Lower River - Strainer samples were monitored 

weekly between October 14 and December 16. Sampling in the penstock 

areas with cast net (16-ft. diameter) was conducted by RMC on six occasions 

between November 9 and December 6. A 5-ft x 5-ft experimental incline 

net was set in the Conowingo tailrace approximately 300-ft. below the 

discharge of turbine No. 2 during 3 days in November. RMC personnel 

fished floating gill nets in the tidal river during 5 days in November and 

2 in December (total 11.1 hours). Nets measured 200-ft (~11 and~"), and 

250-ft experimental (~11 to 2~", 50-ft panels). 
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Sample stations used by Maryland DNR during the expanded November- December 

study were the same as those used in their ongoing shad monitori ng program 

with the exception of an added seine site located at Lapidum in t he Sus­

quehanna River (site 8). Six sites were sampled using a 16-ft semi - balloon 

otter trawl (11111 stretch mesh body; H/1 stretch mesh cod end with ~11 mesh 

cod end liner), and eight sites were sampled using a 200-ft haul seine 

(10-ft deep with ~11 stretch mesh). In addition , an anchor gill net and 

a drift gill net (both 200-ft x 6-ft x 2-in. mesh) were utilized in the 

Susquehanna River in the area between Port Deposit and the U.S. Route 40 

bridge crossing. All locations are shown in Figure 4.2. 

Single seine pulls and trawl runs were made at each sampling station with 

the exceptions of November 9, 10, and 14 when replicate seine pulls and 

trawl runs were made. On any one sampling day either trawl or seine 

stations were sampled. Sampling gear used on any given day was dependent 

on conditions such as wind speed and direction, fog and tide stage. An 

effort was made to use the trawl and seine as equally as possible. The 

seine was used a total of 7 sample days covering a total sweep area of 

1.77 hectares, while the trawl was used on 9 sample days and covered a 

total sweep area of 7.78 ha. Sampling effort was concentrated on trawl 

stations 1, 5 and 6 and seine stations 1, 5, 6, 7, and 8. These stations 

are located along deeper channels where juvenile American shad are believed 

most likely to be found in cold water. 

In addition to seine and trawl samples, the anchor and drift gill nets 

were fished a total of 9 days in the river below Port Deposit. Table 4.3 

shows the sampling effort during this study by date, gear and location . 
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Results 

York Haven - The forebay at this project was first sampled on October 6 

and no shad were taken. By mid-October shad "flashing" was reported 

at the project during early morning hours, and on October 21, 50 shad 

averaging 127 rrm {FL) were collected in front of the trash racks . Water 

temperature was 63°F and river flow 8,000 cfs. This area was successfully 

sampled on October 26 (70 fish; mean length 132 mm; 55°F); November 3 

(2 fish); and November 16 (4 fish; x=146 mm; 46°F). On November 30, 

after the project had been continuously spilling for 10 days, no shad 

were collected at York Haven Project. 

Safe Harbor - The first sample day with cast net at Safe Harbor was 

October 26 when 39 shad were taken (x=120 rrm). On November 3, 61 shad 

were collected. Since shad juveniles appeared to congregate at the 

first gatewell (inside the skimmer wall) prior to major generation 

startup each morning, SHWPC was asked to provide a controlled spill at 

this gate to facilitate moving fish downstream. Spills of about 2,500 cfs 

(5-10 minutes) were provided on November 5, 7, and 9 following confirma­

tion that shad were present. On these days, 44, 60, and 70 shad were 

taken at this regulating gate prior to the spill and none afterwards. 

On November 5, net samples of shad were also taken in small numbers 

on either side of the forebay skimmer wall. Sampling continued at 

Safe Harbor on November 16 and 30, and December 8, but no shad were 

collected on these dates (water temperatures 41-46.F). 

SHWPC personnel inspected turbine cooling water strainers for impinged 

shad each day between October 1 and December 15. Three shad were 
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collected on October 21, and between November 3-15, an additional 38 

shad were found. Most fish ( 31) were taken on November 11-14 when 

water temperature was 50cF. These fish averaged 127 mm and ranged in 

size from 110 mm to 145 mm. Safe Harbor project maintained a continuous 

release of 3,000 cfs throughout the autumn sampling period. 

Holtwood - Cast net collections were made at Holtwood in an area 

immediately adjacent to the turbine intake No. 1. Shad were taken 

there on each of 6 sampling days starting on October 26 (37 shad; 

x=l23mm) and ending on December 8 (40 shad; x=l27mm). A total of 251 

shad were collected with cast net at Holtwood in 1983. Exceptionally 

high flows on December 15 precluded sampling on that scheduled day 

(see Figure 4.3). Very small shad measuring 60-85 mm were collected 

at Holtwood in late November and early December along with larger 

fish. Holtwood maintained a 3,000 cfs continuous release during the fall. 

Peach Bottom Atomic Power Station - Between October 14 and December 12, 

RMC biologists examined intake screen washes at Units 2 and 3 each 2-3 

days at PBAPS. The first shad was collected on November 2 and the last 

on December 5. A total of 31 American shad were taken here in 1983 

compared to 115 in 1982. Gizzard shad were predominant in the catch. 

Conowingo - Strainer samiples ~,ere monitored for impinged American shad 

at Conowingo Dam once each week between October 14 - December 16 (10 

sample weeks). A total of 8,648 fish representing 10 species were 

collected of which 991 were gizzard shad. Only one American shad was 

taken on November 25. Continuous releases were discontinued here on 

September 15 in keeping with a FERC order. 
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Cast net samples were taken in the areas approximating each of the eleven 

penstocks and one sample was taken in the extreme west corner of the 

dam. Collecting attempts were made by RMC personnel on November 9, 14, 

17, 22, 23, and December 6. Gizzard shad and bluegills were the only 

species captured. 

A new experimental collecting program was conducted on November 9, 10, 

and 11 in the Conowingo tailrace. A 5-ft x 5-ft incline net was set 

about 300 feet below the turbine No. 2 discharge and was successful at 

capturing 34 gizzard shad which presumably passed through the turbine. 

No American shad were collected. 

Tidal River - RMC biologists set floating drift gill nets in the lower 

river off Wiley's (about 1 mile above the I-95 bridge) on November 2, 7, 

9, 16, 29, and December 2 and 8. Total· fishing time for the three nets 

deployed was 665 minutes and no American shad were collected. 

The Maryland DNR sampled for juvenile shad in the lower Susquehanna 

River and Susquehanna Flats area from November 9 through December 14. 

During this 5-week period, 30 seine hauls and 29 trawl runs were completed. 

Also, anchor gill nets were set a total of 27 hours and drift nets were 

set a total of 4 hours. All sampling gear combined captured a total of 

85,644 fish representing 22 species. Of the total fish collected, the 

seine accounted for 84,710 (99~), the trawl took 904, and the gill nets 

collected 30 fish. Gizzard shad accounted for 99% of the fish taken and 

no American shad were collected in the lower river or Flats. 

Table 4.4 suITTTiarizes all American shad collections made in the lower river 

between York Haven and Conowingo during the fall of 1983. Figure 4.3 
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displays average daily flows (Marietta gauge) and water temperatures 

during the period September 15 - December 15, 1983 . 

DISCUSSION 

Reproduction of transplanted adult shad in the North Branch Susquehanna 

River was confirmed in 1983 as it was in 1981. All of the 84 sllad 

collected during late August and September were taken between Beach 

Haven and Tunkhannock. Though twice as many adults were stocked at 

Owego, NY (Hudson fish) compared to Tunkhannock (Connecticut River fish), 

no juveniles were collected within 75 miles of the upper release site. 

This may indicate that (1) adult survival was poor for Hudson Ri ver 

fish; (2) water conditions were not as favorable for reproducti on near 

Owego compared to Tunkhannock; (3) juvenile sampling upstream was insuf­

ficient to detect the presence of shad; or, (4) shad produced in or 

near New York waters of the river migrated downstream and were a component 

of the successful collections made below Tunkhannock. Though we cannot 

resolve this question, SRAFRC should consider stocking all adult shad 

at Tunkhannock - if for no other reason, to shorten the distance from 

nuirsery areas to the river mouth. Even from Tunkhannock juven·i I E: shad 

must swim 218 miles to the Chesapeake Bay and an additional 200 11dles to 

the ocean. No other East Coast shad stock is faced with a migration of 

th ·is magnitude. 

During the 1983 North Branch survey, two prime collecting sites were 

id(~ntified for future relative abundance comparison. These sites, Caxton 

Yards near Duryea and Wilkes-Barre, should be extensively sampled on a 

fil<ed schedule with a set piece of gear in future years. Further effort 

should be devoted to sampling at Tunkhannock and Falls, PA to determine 

thi~ usefulness of these sites for the same purpose. Intensive sampling 
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of power plant cooling water intakes at Hunlock Creek, Susquehanna SES, 

and Sunbury SES produced no shad and this effort can probably be dropped 

in future years. 

Fewer shad were taken in Juniata River collections in 1983 compared to 

1982 and this may partially be explained by problems experienced during 

netting. Not enough money, equipment or manpower were devoted to the 

Juniata in 1983. Although the Amity Hall site has produced shad each 

year since 1981, irregular bottom contour and numerous snags in the 

prime collecting location preclude adequate setting of seines for effective 

samples. Electrofishing trials here in 1981-82 produced no shad. 

Collection of large numbers of shad at York Haven (126), Safe Harbor (324), 

and Holtwood (251) was very encouraging. Many more shad (perhaps thousands) 

could have been taken with the 20-ft cast nets which proved very effective 

in the dam forebays, particularly during early morning hours prior to 

generation startup. These collections provided a good basis for determin­

ing timing of the downstream migration, size of fish, and affects of 

project operation on movements. From a preliminary view at Safe Harbor, 

it appears that controlled spills may be effective in passing shad over 

the dam. Further work needs to be done on this and it will be desirable 

to investigate survival associated with spilling as well as passing 

shad through turbines. 

Although large numbers of shad were collected at the three upstream 

projects in 1983, very few were taken below Holtwood Dam. 1he Peach 

Bottom impingement collections (31 American shad) were only 27% of that 
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taken in 1982 where we had little indication of major downstream movement. 

This may indicate a problem with turbine mortality at the Holtwood 

Project, disorientation in Conowingo Pond, or entrainment at Muddy Run. 

Perhaps of most serious concern was the fact that no shad were collected 

in the lower tidal Susquehanna River, even with extensive efforts on the 

part of RMC and Maryland DNR to catch this species. This is very dis-

couraging and regardless of positive results upstream in the North 

Branch and hydroproject forebays - we must once again assume that few 

American shad are successfully making their way to Chesapeake Bay. 

CONCLUSIONS 

1. Transplanted adult shad successfully spawned in the North Branch 
Susquehanna River. Progeny resulting from this reproduction grew 
rapidly and were readily captured at several locations during late 
August and September. 

2. Hatchery produced shad fry and fingerlings exhibited normal growth 
in the Juniata River and migrated at least to Amity Hall by mid-Sep­
tember. Some incidence of deformity (short gill covers, crooked 
mandible) was detected in hatchery, Juniata and hydroproject collect­
ions. These may be related to production techniques (diet, stress, etc). 

3. Young shad were available for capture in substantial numbers using 
cast nets at select forebay locations at York Haven, Safe Harbor, 
and Holtwood projects during October through early December. Fish 
exhibited a wide range of sizes and were taken at water temperatures 
of 41-65°F. 

4. Peach Bottom Atomic Power Station intakes are a valuable collecting 
location, though numbers of shad taken there in 1983 were considerably 
reduced compared to 1982. 

5. We cannot document that shad produced in the Susquehanna River system 
in 1983 have successfully completed migration to Chesapeake Bay. 
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Date 

8/26 

8/27 

8/28 

8/29 

8/30 

9/7 

9/8 

9/9 

9/10 

9/11 

Table 4.1 Data on Juvenile Shad Collections in the Upper 
Susquehanna River in 1983. 

No. shad Length range Location Method of 
( ITITI) capture 

0 - Sayre-Ulster -

0 - Ulster-Wysox -

0 - Wysox-Terrytown -

4 114-115 Falls seine 

2 (am) 98-99 Falls 
7 ( pm) 104-109 Duryea/Pittston seine 

4 113-127 Duryea/Pittston seine 

12 94-118 Duryea/Pittston seine 

17 93-127 Wilkes-Barre seine 

30 (am) 96- 133 Duryea/Pittston 
4 ( pm) 123-125 Tunkhannock seine 

3 120-123 Wilkes-Barre seine 

* S =seine(#); E = electrofishing (hrs); CN = cast net(# throws) 

Water Unit of Effort* 
Temp.(F) s E CN 

80 20 

80 20 1.0 

79 18 2.0 

79 20 

79 22 - 10 

78 7 

77 14 1. 5 5 

75 19 1. 5 7 

75 21 2.5 

75 15 1. 0 



Table 4.2 Length-frequency distribution of juvenile American 
shad taken on the upper Susquehanna River - 1983 

S E P T E M B E R Fork Length 
(mm) 

AUGUST 
29 30 7 8 9 10 11 

91 - 95 1 1 2 

96 - 100 2 2 

101 - 105 3 2 

106 - 110 4 1 1 3 

111 - 115 4 1 3 5 7 

116 - 120 2 7 4 11 

121 - 125 1 7 

126 - 130 1 1 3 

131 - 135 1 

Totals 4 9 4 12 17 34 

August mean length - 108 mm (n=13) 
September mean length - 116 mm (n=70) 

4-18 

1 

2 

3 

Totals 

4 

4 

5 

9 

20 

25 

10 

5 

1 

83 



Table 4.3 Sampling effort by date, gear, and location for 
evaluation of juvenile shad outmigration from the 
Susquehanna River in 1983. 

DATE Seine sites Trawl sites Anchor gill Drift net 
sampled sampled net set set 

November 9 5,6,7 

November 10 1,5,6 

November 14 1,2,3,4 

November 15 3.0 hrs. 

November 17 3.0 hrs. 

November 18 l,2,5,6 

November 21 5,6 6.5 hrs. 1.0 hr. 

November 22 5,6,7,8 8.5 hrs. 

November 23 1,5,6 1.0 hr. 

November 28 1,5,6 1.0 hr. 

November 29 5,6,7,8 1. 0 hr. 

November 30 7,8 3.0 hrs. 

December 1 1,5,6 

December 2 1, 5, 6 

December 5 5,6,7,8 3.0 hrs. 

December 8 6,7,8 

December 9 5,6 

December 14 3,4,5 
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Table 4.4 Sufllllary of Juvenile American Shad co 11 ect ions in 1 ower 
Susquehanna River during October - December, 1983. 

Number of Shad taken by Location and Gear 

DATE FLOWa TEMPERATUREb YORK HAVEN SAFE HARBOR HOLTWOOO PBAPS CONOWINGO 
(cfs) (o F) (en) (en) (st) (en) (int) (en) (st) 

10/6 4410 68 0 0 
10/14 5480 66 0 0 

10/17 6800 64 0 

10/19 9990 63 0 

10/20 8300 63 50 
10/21 7960 61 3 o 0 
IU/.:'.4 10600 58 0 0 
10/26 10200 56 70 39 0 37 0 
10/27 9520 54 0 0 
10/28 8670 54 0 0 

10/31 6970 52 0 0 

ll/2 6000 52 0 

11/ 3 5890 52 2 61 1 68 

11/4 5710 52 l 0 

11/5 5200 52 53 1 
11/7 6170 51 60 0 0 

11/8 6230 51 1 
11/9 6260 51 70 o 25 0 0 

11/10 6390 50 2 0 

11/11 7940 50 10 4 

11/12 11900 49 12 

11/14 14500 49 9 11 0 

11/15 16100 47 l 

11/16 20600 45 4 0 0 45 8 

11/18 27800 44 1 0 0 

11/21 24700 46 0 

11/22 32700 49 0 

11/23 37400 49 2 o 
11/25 38600 49 1 

11/28 40800 46 0 

11/30 46300 46 0 0 36 1 

12/2 51600 43 2 0 

12/5 45400 40 1 

12/6 47000 41 0 

12/7 59500 41 0 

12/8 71800 41 0 40 

12/9 77400 40 0 0 

12/12 55400 41 0 

12/ 16 305000 45 0 

TOTALS 126 283 41 251 31 0 1 

Notes: a - flow measured at USGS Marietta gage; b - temp measured at Safe Harbor Oam . 
en= cast net; st= strainer; int= intake 
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Figure 4.1 Location map showing adult stocking sites 
and juvenile shad collecting locations on 
the North Branch Susquehanna River - 1983 . 
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Susquehanna Flats 

Se ine s ite - • 

Trawl site - -

2 ,_,. 

Figure 4.2 Sample station locations for Maryland ONR 
1983 juvenile shad survey of the lower 
Susquehanna River and Flats. 
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Figure 4.3 Average daily flow and water temperature in the lower 
Susquehanna River during September 15 - December 15, 1983. 
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JOB V. LAMAR FISHERY TECHNOLOGY CENTER INVESTIGATIONS 

INTRODUCTION 

Ronald G. Howey 
U.S. Fish and Wildl ife Service 

Lamar, Pennsylvania 

The Fishery Technology Center at Lamar (formerly Fish Cultural Devel­

opment Center) continued studies in 1983 directed toward developing and 

modifying American shad intensive culture, transportation techniques, 

and marking investigations as part of SRAFRC's cooperative effort to 

restore American shad to the Susquehanna River system . 

Testing continued in an effort to evaluate the rare earth element 

samarium for marking juvenile American shad and Atlantic salmon. Studies 

included testing various means of incorporating samarium into fish 

tissue (immersion baths, constant flows, laced diets) and subjecting 

fish to higher samarium concentrations than were tried in 1982. 

Other Technology Center studies included evaluating the immune response 

of American shad to various antigens; transportation techniques for 

juvenile and adult shad; and genetic strain variations of shad from 

three stocks. FTC personnel took a lead rol ; in coordinating and con-

ducting the shad egg collection effort on ,c Delaware River in May 

and participated in adult shad transportat. on tests using standard rec­

tangular (compartmented) trout distribution tanks (see Job I). 
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MARKING JUVENILE SHAD WITH SAMARIUM 

A method of mass marking juvenile anadromous fish, particularly American 

shad, is needed to evaluate recent restoration efforts. The rare earth 

element samarium (Sm) is being tested at the Fishery Technology Cen ~er 

as a means of marking sensitive fish such as shad. Methods proven 

successful with other species of fish such as physical tagging and 

staining have been unsuccessfully tried with shad. Scale loss, suscept­

ibility to stress and other unexplained mortalities contribute to the 
in marking 

difficulties/shad at a very young and vulnerable stage of life. Marking 

techniques being tested eliminate the necessity of direct handling and 

facilitate mass marking large numbers of fish. Atlantic salmon are 

also being exposed to samarium to test the feasibility of marking species 

other than shad. 

Last year, samarium was incorporated into a formulated test diet 

(Abernathy salmon diet) at a concentration of 30 mg SmCl3·6H20/gram 

diet and fed to American shad for 30 days. Two groups of shad (25 mm 

and 57 mm) were marked and fish were sampled at 30-day intervals and 

tested for samarium content. Samples were ann,yzed using Neutron Act­

ivation Analysis (NAA). Results indicated th J~ ~ha d : an be marked using 

samarium but a retention time of only 210 d Y"' was achieved (Fig. 5-1 ) . 

Our goal this year is to extend the retention time so that a persistent 

mark is attained. Various methods of incorporating samarium into the 

juvenile shad have been tested using higher concentrations. One method 

of treatment involved exposing 4-day old sac fry (6-7mm) to a constant 
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low of samarium chloride solution for !-hour daily for 18 consecutive 

jays. Since no previous results were available,a starting concentra­

tion of 5ppm Smc1 3·6H20 (2ppm Sm) was used. The solution was placed into 

a holding vessel and dripped into the tank using a syringe tip, with 

incoming water . Water flow was adjusted to 5 L/min and maintained for 

the 1-hour marking period. Thus far this method has proven successful 

with a minimum of shad mortality. 

Another application method tested this year was an immersion bath in 

a samarium chloride solution. Various concentrations were tested indica­

ting a maximum survival rate at lOOppm SmCl3·6H20 (40 ppm Sm)(Fig. 5-2). 

American shad (15-18JTJTI) and Atlantic salmon (75nm) were immersed in this 

concentration for three minutes at two different times. 

Along with these two methods of treatment, Sm was also incorporated into 

formulated test feed (W-16 Spearfish Diet) at two higher concentrations 

than were used the previous year. American shad (25-40mm), which were 

fully converted to formulated feed, were fed this diet at 50 and 100 mg 

samarium chloride hexahydrate per gram of diet for 30 d?ys. Atlantic 

salmon (75mm) were also treated with Sm by i ncorporat ng the same con­

centrations into the appropriate formulater ePo for that species (ASD2-3( 

The laced diet was prepared in batches by jrefully mixing the appro­

priate concentration of SmCl3·6H20 soluti on into the feed and adding oil 

for adhesion. Diets were refrigerated and the proper amounts were fed 

to the fish daily by hand. The fish were converted to regular formulat 

feed after the 30-day marking period. 
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Since previous testing showed that 4-day old American shad could be marked 

using a constant flow method, both Atlantic salmon (mean length 97rrm) and 

larger shad (average 51rm,) are in the process of being exposed to higher 

concentrations of Sm. The advantage of this method is a greater overall 

exposure to Sm for a longer time than with immersion. It is also un­

certain what levels of Sm the treated fish are actually taking up via 

the laced diet as the fish feed at different rates and amounts. 

On five separate occasions small constant flow tests were set up in egg 

hatching jars to determine a suitable concentration for exposure. Twenty 

shad (15- 25mm) were subjected to concentrations ranging from 10-lOOOppm 

SmC1 3·6H20 (Fig. 5-3). The solution was placed into a holding vessel and 

administered for I-hour using calibrated syringe tips and inserted in 

such a way that the Sm solution entered the egg hatching jar with the 

incoming water through the bottom and circulated out through the top. 

Mortalities after a 24-hour period were plotted and optimum survival was 

indicated at a concentration of 60ppm SmCl3·6H20 (24ppm Sm). A dosage of 

half this concentration (12ppm S~) was also tested to determine whether 

tag retention can be achieved using a smaller amount of Sm. 

Atlantic salmon (97rm,) and American shad (51 ) i,.,ere exposed to these 

concentrations. Samarium chloride solution~ (30 and 60 ppm) were dripped 

into the tanks with the incoming water with a flow rate of 2L/min. 

Nearly 100% mortality occurred in the shad tanks while salmon exhibited 

no mortality. Increase in size of the shad and physiological differences 

(metamorphosis) that occurred since the small-scale constant flow tests 

were conducted were the probable cause of the shad mortalities. Further 
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testing with fish of this size should be done at a reduced concentration 

of 15 ppm SmC1 3·6H20 (6ppm Sm). 

In all samarium tests (inrnersion, constant flow, and diet) fish are 

being held and sampled monthly for neutron activation analys 1s and/or 

atomic absorption spectroscopy. The NAA method, performed under contract 

by the University of Michigan, was used on fish samples marked with 

samarium laced diets last year. In this analysis, samples are dried at 

110 C for 24-hours and Sm detection is carried out after samples have 

been bombarded with thermal neutrons. The radioactivity of 153sm in the 

sample is measured with a gamma-ray spectrometer 48-hours after irradia­

tion. The Sm content is then determined by comparing the gamma-ray 

spectrogram with that of a standard sample (Mich ibata and Hori, 1981). 

Neutron activation analysis has the advantage over atomic absorption 

in that it is more sensitive to low levels of Sm (detection in parts per 

billion). The drawback to this analysis is the $25 cost per sample 

which when added to the high cost of samarium makes the method impractical. 

Atomic absorption is much less expensive but the minimum uetection 

level is O.Sppm. 

In the atomic absorption analysis fish are , , ,ed at 500 C and digested 

with concentrated nitric acid. A second ast lng is performed after 

which hydrochloric acid is added. Samples are diluted to 10 Ml with 

a potassium solution which acts as an ionization suppressant. The liquid 

is then aspirated through a nitrous oxide acetylene flame where it is 
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vaporized and detected using a hollow cathode lamp specifically de­

signed for samarium. The absorbance read is converted to ppm based 

on standard values stored in the AA. 

The peak height method of AA analys is which is now being tested at the 

Northeast Fishery Research and Development Laboratory at Wellsboro, 

allows Sm in fish samples to be concentrated to several times the 

original concentration. Very small sample amounts can be aspirated 

at shorter integration times. This registers on a recorder as a peak, 

with the higher peaks indicating higher concentrations. The procedure 

indicates only presence or absence of Sm and is not as quantitative 

as the standard AA procedure. Advantages of the peak height method are 

that it is very cost-effective and that smaller amounts of Sm can be 

detected later in the study. A graphite furnace being purchased by the 

Wellsboro Lab will be used with the peak height AA analysis. This will 

provide a non-flame technique with potential sengtivity increases of 

1000-fold. It also allows direct disintegration of dried fish samples 

placed in the furnace. 

As results indicate thus far, Sm can be used to mass ma r k juvenile 

American shad using several methods of appl ication. rhe length of time 

the element is retained however, is inadeo ~e and requires further work. 

Rare earth elements do show promise for s1 r t-tenn marking studies such 

as might be necessary for turbine mortali ty assessment or evaluation 

of outmigration of juvenile shad. 
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IMMUNE RESPONSE STUDY 

In 1982, a project was designed by Doug Anderson (Leetown National Fish 

Health Lab) to investigate the irrmune response in American shad and 

study the possibilities of tracing migration through irrnnunizing the fish. 

Testing was completed in 1983 and the results are su1TU11arized here. 

Six-month old shad (average 89rrm) were irrmunized by injection with two 

potent irrmunogens, the hapten DNP (dinitrophenyl) conjugated to the 

carrier carbohydrate molecule, Ficoll; and the a-antigen extract of the 

fish bacterial disease agent, Yersenia ruckeri. The i1TU11une response 

was monitored by the passive hemolytic plaque assay {Jerne test ) for 

numbers of splenic or anterior kidney and antibody producing cel l s (APC) 

and by passive hemagglutination to follow the titers of humoral antibody. 

Four weeks after immunization, numbers of APC were highest in the 

anterior kidney with only a few found in the spleen. Humoral antibody 

titers were also detectable in the fish at this time, and were still 

present in samples taken 4 months after immunization. In contrast to 

the rainbow trout standard model , the shad were slower in mounting an 

i1TU11une response, and the spleens showed a mo)e primitive morphology. 

These tests demonstrate that shad have an at~equate i rrnnune response for 

detection, although certain adaptations o f he irrmunological tests are 

required. Immunization regimens could be r,onitored for the detection 

of specific antibody, and possibly young fish could be traced in river 

systems for a few months. Data about how long after immunization the 

specific reactions could be traced is still incomplete. 
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AMERICAN SHAO STRAIN EVALUATION 

American shad stocks from several east and west coast rivers are being 

utilized in the Susquehanna River restoration program. Little or no 

information is available at this time on differentiation of the va rious 

stocks. Physiological or genetic differentiation could possibly be 

used to identify adult shad that return to the Susquehanna River to 

spawn each year. In the future, strain evaluation information could be 

used in conjunction with fishery management and hatchery product ion 

data to determine any strain superiority. 

Both physiological and genetic differences and similarities of the 

various American shad stocks or strains need to be demonstrated. In a 

cooperative study between the FTC and Penn State University, American 

shad from the Delaware River (40 fish), Columbia River (70 fish), and 

the Waccamaw River, SC (40 fish) were examined by Ken Johnson (PSU) 

for genetic variation using horizontal starch get electrophoresis. 

Electrophoretic techniques and genie nomenclature foll owed that detailed 

in May, Wright, and Stoneking (1979). Twenty-three enzymes coded by 

approximately 32 gene loci were resolved in muscle, li ver , or eye tissue 

using three different buffer systems (Table 5-1 ) Ni ne of these enzymes 

exhibited variation. However, the variati observed for the enzyme 

EST did not fit any simple genetic model ar.d therefore was not used in 

subsequent analyses. 

The observed variation for the enzymes AAT, CK, ME, MPI, PEPS, PGK, 

PGM, and SDH could easily be interpreted in terms of simple monogenic 
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polymorphisms (Fig. 5-4). Allele frequencies for these eight polymorphic 

loci are given in Table 5-2 for the Columbia River, Delaware River, and 

Waccamaw River samples. Only the allele frequencies at the PEPS locus 

were significantly different among the three samples. The s imilar ity 

of allele frequencies in samples collected from distant geographic 

locations suggests that the American shad does not form discrete, non­

interbreeding populations. At least a small amount of st rayi ng and inter­

mingling of stocks from different river systems on each coast would appea r 

to occur to account for the observed allele frequency homogeneity. 

Samples of shad from all three rivers exhibited very low levels of genetic 

variability. Average heterozygosity (the average proportion of loci 

heterozygons per individual) based on the 32 loci examined was 0.025 for 

the Columbia River sample, 0.018 for the Delaware River sample, and 0.029 

for the Waccamaw River sample. These values are similar to that reported 

for gizzard shad (Hatfield et al, 1982), but lower than that reported 

for other fish species (Selander, 1976; Nevo, 1978; Allendorf and Utter , 1979). 

The similarity of allele frequencies among the samples of American shad 

examined in this study, coupled with the low ~egree of genetic variability 

exhibited in these samples, precludes the pc ,~ ibility of using isozyme 

markers to identify the native rivers of pa, t icular spawning runs of 

this species. 
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HISTOLOGICAL PROFILE OF JUVENILE AMERICAN SHAO 

Histopathology is an essential tool in the study of infectious and non­

infectious diseases. Histopathological examinati on of tissues from 

fishes infected with bacterial , viral, or parasitic pathogens revtals 

microscopic cell and tissue changes caused by pathogens, shows target 

cells and organs of the disease agent, and indicates virulence mechanism. 

Histopathology also provides valuable information on tissue changes 

associated with nutritional imbalances, environmental toxicity, and 

stress mediated diseases. Finally, histopathology can serve to provide 

valuable clues to the cause of unexplained mortality in fish populations . 

Intensively cultured American shad exhibit increased mortality at a 

developmental stage referred to as metamorphosis. Infectious agents do 

not appear to be responsible. The objective of this study is to evaluate 

histological/histochemical techniques as tools in diagnosis of causes 

of mortalities of American shad under hatchery conditions. 

Juvenile American shad were reared at the Lamar FTC from hatch through 

the metamorphosis developmental stage (24-32r.111) . Samples of healthy 

and dying fish were collected each week, fi ~cl in Bou in's solution for 

24 hours, stored in 65% ethyl alchohol, a~; mailed to the National Fish 

Health Research Lab (Leetown). Histological examinations will be con­

ducted by Dr. Roger Herman to determine if developmental or morphological 

abnormalities might explain the increased mortality associated with 

metamorphosis. Results are expected during 1984. 
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IMPROVEMENTS IN AMERICAN SHAD CULTURE 

In past years, the FTC usually had fewer shad fry on hand for experi­

mental studies than we assumed survived from hatch. Even though some 

modifications were made to the Von Bayer egg enumeration method, it 

appears that the number of viable eggs capable of hatching may still be 

routinely overestimated. Consequently, the actual number of fry that 

hatch is less than the quantity assumed to have hatched . 

To verify whether or not this was actually happening, the FTC conducted 

a test using a random hatch of artificially fertilized shad eggs 

collected from the Delaware River. Ten samo1es of 10ml of eggs each 

were counted and yielded an average of 336 ± 39 eggs. A volume of 350ml 

eggs (11,589) was placed in a 6L egg hatching jar. Water temperature 

was held at a constant 17 C and eggs were treated with 1667ppm formalin 

(1:600) for 17 minutes daily until just prior to initial hatch. Dead 

eggs were removed and enumerated before and after hatch. 

A total of 162.5ml of dead eggs (5460) were removed from t he incubation 

jar and volumetrically enumerated. The remai ning 6 121 eggs were con-

sidered viable and capable of hatching as f 1lowever, only 4,833 fry 

were actually counted in the rearing tank ct • incubation jar 11 days 

after the test was initiated and 780 of these fry were dead (shad egg 

hatch is completed within 10 days at 17 C). This left 4,053 live swim­

ming fry at completion of egg hatch -- only 66% of the number of fry 

expected to hatch. 
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These results are similar to those obtained by Torn Wiggins of the 

PFC Van Dyke Anadromous Fish Research Station (personal communication) 

and observed at Lamar in past years. A small percentage (<5%) of the 

difference in number of fry expected at hatch is attributable to 

error in enumeration of viable eggs on hand. The volume of dead eggs 

is generally subtracted from the total number of eggs. The number of 

viable eggs on hand is overestimated because dead eggs are more flaccid 

and smaller in diameter than turgid, water-hardened live eggs which 

are used to measure the volume and total number of eggs on hand. 

The difference in number of fry expected and actual number of fry on 

hand following hatch is quite significant particularly considering the 

scope of the Susquehanna River shad hatchery program (i.e. 30-50 million 

eggs per year). However, the problem can be negated by simply multi­

plying the number of viable eggs on hand at hatch by 0.65-0.70, depending 

on the method used to determine the number of viable eggs. With this 

correction, a more accurate count of total live fry at hatch will be 

obtained. 
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TABLE 5-1. Tissues and buffer systems that best resolved the enzyme 
loci examined in this study 

Enzyme 

Aspartate Ami notransferase 

Adenylate Kinase 

Alcohol dehydrogenase 

Creatine kinase 

Diaphorase 

Esterase 

Fructose diphosphatase 

Abbreviation 

AAT 

AK 

AOK 

CK 

DIA 

EST 

FOP 

Glycerol-3-phosphate dehydrogenase G3P 

Glucosephosphate isomerase 

Isocitrate dehydrogenase 

Lactate dehydrogenase 

Malate dehydrogenase 

Ma Ii c enzyme 

Mannosephosphate isomerase 

4-Methylumbelliferyl phosphate 

Phosphogluconate dehydrogenase 

Phosphoglycerate kinase 

Phosphoglucomutase 

Peptidase A 

Peptidase D 

Peptidase S 

Sorbitol dehydrogenase 

Superoxide dismutase 

GPI 

IDH 

LOH 

MOH 

ME 

MPI 

MUP 

PGD 

PGK 

PGM 

PEPA 

PEPD 

PEPS 

SDH 

SOD 

Locus 

1,2 

1, 2 

? 

1, 2 

1, 2 

1, 2 

1,2, 3 

1, 2, 3 

1, 2 

Tissue1 

E,M,L 

M 

L 

M,E 

L 

E(M, L) 

L 

M 

M 

M,E 

M,E 

M 

M 

E 

L 

M 

M 

M 

M 

E 

E 

L 

L 

Buffer2 

R 

C 

R 

R,M 

C 

R 

M 

C 

R 

C 

R 

C 

C 

M 

C 

C 

C 

C 

R 

M 

M 

R 

R 

M = muscle L = Liver E = eye 2 R = described by Ridgway et al. 1970 

C = described by Clayton and Tretiak 1972 M = described by Markert and 
Faulhaber 1965 
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TABLE 5- 2. Allele frequencies and their 95% confidence intervals for 
the polymorphic loci examined in this study. 

Locus Allele Columbia River Delaware River South Carolina 

Aat-1 100 1.00( .98-1.00) 1. 00 ( . 9 7-1. 00) 0.99( .96-.99 ) 
145 0 0 0.01 

CK-1 100 0.94(.90-.98) 0.99(.96-.99) 0.90(.84-.96) 
136 0.06 0.01 0. 10 

Me-1 100 0.99(.97-.99) 0.95(.90- . 98) 0.98(.95-.99) 
70 0.01 0.05 0.02 

Mpi 100 0.99(.97-.99) 0.99(.96-.99) 0.99(.96-.99 ) 
111 0.01 0.01 0.01 

Pep S 100 0.60(.47-. 73) 0.83(.74-.92) 0.67( .57-. 77) 
157 0.40 0. 17 0.33 

PgK 100 0. 96( . 93-.98) 0.96(.92-.99) 0.90(.84-.96) 
43 0.04 0.04 0. 10 

Pgm-1 -100 0.99(.97-.99) 1. 00 ( . 9 7 - 1. 00) 0.99(.96-.99) 
300 0.01 0 0.01 

Sdh 100 0.96(.92-.98) 0.95( . 90-.99) 0.99(.96-.99) 
62 0.03 0.04 0.01 

124 0.01 0.01 0 
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INTRODUCTION 

The Conowingo Dam Fish Passage Facility (he r eaf t<:!r Fi sh 

lift) has bee n in operation since 1972 as part of a 

cooperative pr iva te , state, and federal effort to r ~store 

A~erican sha~ to the upper Susquehanna River. The 

operational qoal of the Fish Lift has been to mo nitor fish 

populations below Conowingo Darn and transport as many 

rrioratory fishes (American shad, herrings, hickory shad, 

strired hass~ and American eel) upriver as possible 

accordinq to the restoration pl ~n for the Susquehanna River. 

Gp e r at i on o f t h,: f i sh 1 i f t i s on e o f rn any l on g t e r rn 

comrnitrne nts by Philadelphia Electric and Susouet1 ,mna 

Electric companies to aid in the restoration of migrato ry 

fishes to the Susquehanna Rive r. 

~bjec tives of the 1983 operation were t o monitor (l) 

relative abundance of ~!2~£ species in the Conowingo Dam 

tailrace, (2) species composition of fishes in Cono~ingo D3m 

tailrace (3) obtain life history information from selected 

Migratory fish species and resident s peci es , (4) contribute 

to r esto ration efforts by trap dnd transf e r of µrespawned 

American shad and other mi1ratory fishes to upstream 

localiti es , and (5) assist Maryland Tidewater Administration 

in their American shad popu la tion assessment in the UJJper 

bay by capture of tagged individudls. 
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Methods 

Prior t o the operation of the 1 ift various surveys were 

conducted in the sorinq to detect the arrival of alosids to 

t he lower river area . Personnel at Owe n' s Fish House 

(Pe rryvill e , Ma r y land } were contacted on alternate ~ee~days 

starting o n 14 March to dete r mi n e if comme r c ial fishermen 

we re catchin1 these species in the river or Susquehdnna 

Flats. Few fisherman we r e act i ve d ue to Maryland ' s closure 

of the shad fishery and the li mited numbers of river herring 

available at the t i me . The majo rity of commercia l fishermen 

directed their eforts to the white pe r ch fishe r y . A visual 

su rv ey of Deer Creek was conducted dai l y froM 16 ~arch to 6 

Jun~ and intermittently in Octoraro Creek to determine if 

riv e r herr in~s were oresent in the lowe r river. 

T~~ Fish lift was operationdl startiny l April 1983 per 

the SRAFRC wo rk plan. Operation from l to 9 April was on an 

a ltern ate duy basis and started at 0600 each day . Due to 

the limited number of alosids pr esent in the tailrace 

operati o ns we r e halted apµroxi~dte l y noon each day . On 9 

~pril 19R3 operation was halted a~ 1300 hrs due to a 

mechan ica l b r eakdown of the hopper. No ope r ation was 

poss i b l e from 10 Ao ril to 11 May d ue to unusually high river 

flows. From 12 ~ay to 16 June the lift generally o~erated 

on a d~ ily dawn to dusk schedu le. Son,e cu rtail ne nt of this 
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schedul~ was necessary on 28 May. 22 to 25 May , l June and 6 

to 14 June due to :nechanical failures. 

Op~ration of the Fish lift was extendi-d from 30 June to 

12 July 1983 in response to the presence of lar9e number of 

juv~n ile striped bass in the tailrace. This op~ration 

assisted in the restoration of juvenile striped hass to 

upstream nursery areas µer the strategic restoration plan 

for th~ Susquehanna River (S~AFRC, 1979). This effort. 

however, was halted on 12 July by the order of the ~aryland 

nepart.,1ent of Natural qesources (via a letter dated 12 July 

19~3 from Dr. Georqe Krantz to Mr. William McE lroy of 

Ph i 1 ad el p h i a El e c t r i c C om pa n y ) • 

The ~echanical aspect of fish lift operation was 

simil iar to that described in the 1982 Summary Report ( RMC 

19A3). Fishing ti me and/or lift freauency was deter mined by 

~bundance of fishes and the time required to p rocess the 

catch. 

Attraction velocity and flow in 1983 were generQlly 

similar to those maintained in 19B2 (RMC }933). Based on 

the 1982 experience hydrologic conditions were ~a intained in 

the area of the lift between the crowder ~ate and we ir 

entrances sirnil i-3r to that reported in the latter p:irt of 

the 19~2 trapping season {SRAFRC 1982). 
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h minimum flow of 5,000 cfs from Conowingo Dani has be~n 

re1e3sed from approximately 15 April to 15 June fro~ 1972 to 

In the 1983 anadromous fish trapping season th~ 

continuous flow of 5,000 cfs was discharged via Unit I-Jo. 5. 

The release of 5,00u cfs from Unit No. 5 was based on 1982 

~xperience which showed lift efficiency increas~d when the 

co~pPtition tetween the attraction flow from the lift and 

continuous release Aas reduced. 

The chemical attractant, phenethyl alcohol, was 

sch~duled for release from the fish lift during every other 

scheduled day of operation from start up until water 

te~peratures reached 68°F as outlined in SRAFRC•s 1 983 work 

plan. Equipment malfunction prev~nted rel ease of the 

attractant until 13 May at which time it was r eleased 

according to the specified proc~dure. On 4 June releases 

were terminated due to water temperature criteria being 

exceeded. 

Fishes were processed as repo rted in R~c (1 983). Fishes 

were enum~rated by counting and/or estimation based on their 

abundance and released back to the tailrace. When large 

numo~rs of fishes were present, the nu~ber ~as es timated and 

fishes released to minimize handling. Length, weight, sex 

and scale sa~ples were taken from blueback herring, alewife, 

strioed bass, anj striped ba ss x hhite bass hybrid as in 
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19 82 . Common na~es of fishes (Uailey et al 1970} are used 

thro;19hout the text and tables. A list of comfT':Jn and 

scientific names g iven in Table 1. 

American shaJ we re counted dnd held in one of three 

circular tanks continually supolied with river water . If <" 

sufficient number of green or grav id shad (50) were 

collected in a day they were transporteo uoriver to City 

Tsland, Harrisburg, for release. All shad not transported 

were t~gqed and released back to the tailrace. Only 

healttw, active fish were tagyed with floy anchor tags. 

Prior to their r e l edse lenq th, weight, sex, and s~a~ning 

condition were dete r min~d as conditions per,nitted . Scale 

sawples were taken when possiole . 

Shad scales were cleaned, mounted and a9ed as in 1982. 

Samples were given pe r request to Maryland ONR. This 

~xchange of samples will allow bo th parties to verify that 

the sa~e criteria is used in age determinations. 

Transportation of mia r ato ry fishes to upstream spawn ing 

and nursery areas was accomplished using one of two Circular 

transfer units. One unit had a 800 ga llon capacity and the 

other 500 gal l ons. Stocking sites varied according to 

species. American shad and American eel ~ere released at 

City Island, Harrisourg, PA. River herrings were rel e ased 
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above Safe Ha rbor ~am. Juvenile striped bass were releas ed 

at City Island and a~ove Safe Harbor Oam. 

Results 

In zq days (1 April to 15 June) of Fish Lift ope ration 

1,020, 090 fish r ep resenting 41 taxa were cauqht in 64b lifts 

with a total fishing time of 238 hours (Table 2). 

Predominate species were gizzard shad, white perch, carp, 

and channel catfish. Alosids (al ~wife , American shad, 

bluebac k ~erring, and hickory shad) comprised a small 

po rtion of the total catch. 

The relative ahundance of fishes as measured in the Fish 

lift catche s has changed since 1972. In the early seventies 

tne lift collected large numbers of alosids (primarily 

blueback h~rring), white perch and channel catfish. 

Pecently, the catch has been dominated by the carp and 

gizzard shad. 

The total catch of 985 alosids in 1983 was lower than in 

1982 but similar to the catch in 1980 and 1981 (Table 2). 

alueback herring ( 5 17) and American shad (413) dominated the 

alosid catch. The catch of alewife and hickory shad was 50 

and 5 ind ivirlu a ls, respectively. 

Yost of the AmPrican shad (381) were captured b•tween 19 

May and 5 June (Table 3). Water temperatures at this time 

ran ged fro n 62-68.F, while river flows ranged from 40,000 to 
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E0,000 cfs. Over 66~ of the American shad were collected on 

three days, 22 May, 30 May, and 5 June. The highest single 

day catch of American shad was 111 on 5 June 19d3 at a water 

An additional 24 Awerican shad were 

collPcted ~etween 16 June and 12 July at water temperatures 

exceedinq 75°F. 

Phenet~yl alcohol was rel eased as an attractant on 6 

days between 13 ~ay and 5 June 1983 (Figure 2) . Dur ing this 

period a total of 412 American shad wds caught. Cn ly 34 

American shad were caught on days when the attractant was 

used while 378 were caught on days of no release. 

A total of 14,72 5 migratory fishes was transported above 

Conowingo Da~ in 1983 (Table 4). Some 64 American shad were 

transporte1 and released at City Island, Harrisburg, P A; 

thus bypassing the four hydroelectric dams . The li mited 

number of shad transported was a result of equiµment 

malfunction and the advanced sexual condition of the 

American shad collected. Some 2,500 American eel were 

transported, 600 released above Safe Harbor Dam and the 

remuinder at City Island. Additionally, over 11,aoo 

juvenile striped bass were transported to the aforementioned 

rel 9ase site with the verbal approval of SRAFRC. 

Floy tagging of Aw.erican shad continued in 1983. Two 

~undred thirty-two American shad collected were tag~ed and 
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released to the tailrace (Tab l e 4)• Of these, 24 we r e 

eventua lly recaptured, three of them twice. Fourteen fisn 

were r ecapture d at the Fis h lift while seven were recaptu r~d 

in ~he lowe r river by the Ma ryland DNR . Commercial 

fisher~en r et urned three tags, two from the ChespeaKe Oay 

and one from the Del aware Bay . 

Tt1e c aptu re of the American shad in the Fish lift 

appears to be dependent upon their time of arrival a nd 

ava ilabi li ty. As an exdmple, orior to 10 April 1983 13 

alosids were captured in the Fish Lift , two hic~ory shad a nd 

11 alewife. No Ame rican shad were captured. Rive r flows 

ran ~ed fr0m 55,000 cfs to 71,000 cfs du ring this time. 

However, within a sim il a r range of river flows between 19 

~ay and~ June 1983 381 shad were captured. Some 120 

American shad were captured in the four days of operation 

hetween 22 May to 28 May 1 983 when ri ve r flows rang~d from 

52,00U cfs to 31 , 000 cfs. Thi s s uggests t hat if shad h~d 

been presant in the ta il race pr i or to April 10 , 1983, some 

of them wou l d have been cap tur ed in the Fish Lift. 
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Discussion 

Th~ low numbers of alosids caught at the Fish lift in 

1983 compared with that in 1982 we r e in part due to the hiqh 

springtime natural river flows. Table 5 indicates that from 

10 April to 8 May in 1qa2 natural river florls ave rag ed 

5l•OOU cfs and the Fish lift captured 563 A~erican shad. 

However. in 1983 in this same p~riod river flow was near or 

exceeded 100.oou cfs and no operation of the trap wa s 

possible. River flow rem a ined higher in 1983 when from 9 

~ay to 5 June it averaaed 56•500 cfs and 412 American shad 

were captured in the Fish lift. In contrast. the river flow 

average d 30.000 cfs in 1982 and the catch of AMeric,n shad 

Th~ high river flow in 1983 necessitated electrical 

generation from mo r e than one unit at Conowingo Oam for most 

of the sprinq. As in 1982 the rate of capture of American 

shad w3s much lower at gene rati ons of two or more units than 

at one unit or less (Table 6). At one unit or less the rate 

of capture was 12 fish per hour but at two units o r mo re the 

rate was slightly over one per hour . 
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TA2.LE 1. List of scientific and common names of fishes 
collected at the Conowingo Fish Lift, S~rin9 
1972-1982 (according to Bailey, et al., 1970). 

Sc i Pntific Name 

Family - Petromyzontidae 
P~t r omyzon marinus 

Fam i 1 y - An gu i 11 id a e 
An1uil13 rostrata 

camily - Clupe idae 
Alosa aestival is 
~lQ~~ mediocris 
~!Q~§ osoudoharengus 
~los2 saoidissima 
Srevoortia !_yrannus 
Dorosoma ceoedianum -------- --~-------

Family - Salmonidae 
Salmo (lai r dne ri 
S.tl~ t r!:!t ta 
Salvel inus fontinal is 
s. Fontinal is x 

~ • .!J£!!!~Y£!:!1D 

Family - Coregonidae 
Core~onus artedii 

Family - Esocidae 
£§.~~ Di9~1: 
f~Q~ l!!~iY~ 
Esox masguinongy 
E. _masguinongy x 

f: ._lucius 

Family - Cyprinida~ 
Ca rassius auratus --------- -------
CyQLinius carQiO 
~OCOMiS micrOQOQOn 
Noterni •1 onus crysoleucas 

5-11-

Common I.Ja:ne 

Lampreys 
Sea l amprey 

Freshwater eels 
American eel 

Herrings 
Bluebac~ he r ring 
Hickory shad 
Alewife 
American shad 
Atlantic menhade n 
Gizzard shad 

Trouts 
Rainbow trout 
Brown trout 
5rook trout 

Splake 

White Fishes 
Lak e herrin .~ 

Pikes 
Chain pickerel 
Northe rn pike 
f>'us\< e llunge 

Tiger muskie 

Minnows and carps 
Goldfish 
Carp 
Rive r chub 
Golden shin<:? r 
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TAFLE 1. Continue1. 

Sci~ntific Name 

Fa~ily - Cyprinidae (continued) 
~Q!~QQi~ sp. Shiners 
~2!~2el~ ~~Q~!l~~ 
~QrtQQ!~ b~Q~QQi~ 
~2.!!.QQi~ Q!.Qf.Q~ 
~Ql!.QQi~ ~~Q~ll~~ 
NotroQiS soiloot~ rus 
PimPnhales notatus 
Dhinichthts atratulus 
Qhinichthys cdtaract9 . 

Family - (atostomidae 
Car p iorl~s cyorinus 
Catosto~us com~erscni 
Erimuz~n oblon9us 
Hy~ntP.1 iurn niBric a ns 
~oxostoma macrgleEidotum 

Fami l y - Ictaluridae 
Ictalurus cat.us 
Ictalurus natal is 
Ic!~JJ!~us ~eh~lQ~~~ 
Ictalurus Q~~f!£!~~ 
~Ql~!.~~ sp . 
Noturus insignus 

Family - 3elonidae 
Strongylura marina 

Family - Cyprinodontidae 
Fundulus he t~rocl itus 

Family - Percichthyidae 
,t'.Q[.Q!}g a •nericana 
~Q!:Q!l~ sa~g!ili~ 
~. s;,ixatil is x 
M. Sb!.Y~Q.gi 

6 - 12-

Co mmon Name 

Correly shiner 
Spot tail shiner 
Swallowtail shiner 
Rosyface shiner 
Spotfin ~hine r 
6luntnos2 minnow 

bl aci<. nose . 9~!=~ 
Longnose dace .. . ··., .,. . 

Suckers 
1J ui 11 back 
white sucker 
Cree1< chubsucker 
~orthern hogsucker 
Shorthead redhorse 

Fresh w~ ter catfi ~he s 
rlhite catfis 'l 
Yellow bullhe ad 
Brown bullhe .:1d 
Channel c atfish 
Maatoms 
Marginal madtom 

Needl ef i sh.: s 
Atlantic needlefish 

Kil 1 i fishes 
Mummichog 

Temperc.1te bass~s 
tlhite perch 
Striped bass 

Striped bass x 
White bass 



TA?.L~ 1. Continued. 

Scientific Name 

Fanily - Centrarchidae 
timblo.Qlites ruQeStrjS 
Lepomis auritus 
Le2o~ is ctanellus 
leoomis aibbosus 
leoorn is macrochirus 
~icroQterus dolo~ieui 
MicroQterus salmoides 
f2~2~!~ ~~~~l~ris 
Fomoxis niaromaculatuss 

~amily - Percidae 
ftheostoma olmst~di 
fth~ostoma zonale ---------- ----~ Perea flavescens 
Stizostedion vitreum 
£~L£lD~ ~~QI2Q~~ 
Pere i na nel tata 

6-13-

Common ~~a'lle 

Sunfishes 
r,ock bass 
Redbreast sunfish 
Green sunfish 
Pumpk i nseed 
Blue gi ll 
Smallmouth bass 
Largemouth bass 
White crappie 
Black crappie 

Perches 
Tessellated darte r 
Banded darter 
Yel 1 ow P·l rch 
Walleye 
Log perch 
Shield da rter 
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TA~LE ). co:1o;HNCO ,JAM FISH COLLECTION FACILtTY APRIL l TO lZ JUlYt 198). OAtLY CATCH su~HARY OF ALOSlOS 
CLEANOUT llFTS IUCLUOEO 

DATE 04/03/S.l 04/05/81 04/0 7/81 04/:)9/ 8J 05/13/8') 05/ 14/8) 05/151'3 C5/lS/ 3l 
'lO. LIFTS 10 lZ 11 8 36 34 18 3l 
FIRST l(FT 620 610 6;) '5 912 555 50!1 5lC SU 
UH UFT 1200 lZOO l 200 1315 1655 165 8 \440 1915 
OPE.UTrNC Tl!'E 5.6-, 5.8) 5.?Z 4.os 11.00 u. !I) 9.50 13.00 
FlSHTNC Tl~E(H~J 4.42 5.00 5.ue 3. l7 e.10 9.oo 9.00 e.&r 
AVF' P. IVErt FLOi' 5'5300 •64900 62500 70800 59!100 5\9CO ',9000 47500 
AVE WA TEP TEMP. ',6 .4 46.4 50.0 51.8 59.0 59.0 60•A 61.7 
ATTRACTA~T USE07 NO NO NO NO YES NO NO YES 

~--------------·----------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------BLUE'.lACK HFR.ll t•IC - - - - - l '.l J 
H(CKCRY SHAO - l - l - l 
ALEWIFE l 4 4 z - - z 
AMERICAN SI-IAO - - - - l 5 2 6 

::s:::: ::a==== :::::: '2'2:::: :::::: •2 ==-=:: :::'9:: •===== 
l s 4 3 l 7 12 9 

°' I ..... 
°' 

OATE 05/17/83 05/18/83 05/19/81 05/20/83 05/21/Bl 05/ 22/93 05/26/81 05/27/83 
NO. lll=f<i )6 13 24 Z7 26 14 13 2) 
FIRST LIFT SLO 455 6J'5 '500 506 506 1030 501) 
LAST LIFT 1900 1000 1 sos l !120 1835 l24C 1800 190') 
OPE~i\TINt; Tl'4E 13.83 s.08 11.5u l 3. 33 13. 48 7.57 7.50 14.00 
Fl~Hl~C TI~E(H~) 10.50 3.53 9 .1? 10.00 10,95 6.25 s.sa 9.81 
,ve Q{Vt:R CLOW 49000 48900 46900 47400 4noo 5l6CO 80500 67500 
AVE W.\TEO TEl~P. 61.T 6\.T 62.6 61. T 61. 7 62.h 62.6 62-~ 
ATn ACTA'IT USE07 NO NC NU YES NO NO NO YES 

------------------------- ---------- -------- ---------- ---------- ---------- ---------- -· --------- ----------
8LUEa.\C.I< HfRP.INC 14 l 6 10 8 20 l i 
M lCKl)RY SHAO - - - - - 1 
ALEl-[F'= ll - \ 3 - 1 
A"l'=R 10./.1 SI-IA:> 13 4 30 12 14 96 2 l 

•===== 2::::: 2:2::: a2::::i: :r:as:: s:2::-= -z::::: ==-==== 
38 5 31' ZS 22 11! 3 10 



TA'!LE ) • COIIT I PIUEQ 

OHi: 05/28/8) 05/2Q/8J 05/l0/"3 05/3 \/83 06/01/83 06/0l/8) 06/0)/'33 C6/0~/ '3 

PIO. LI F Vi )4 27 25 39 11 24 Z4 23 
S:(RST L[Cf 505 505 500 '506 506 500 45'5 505 
LAST tIFT l'H ~ \155 1900 UH 11 lO 1904 l84C 182i 

OPERATING Tl'~t: 13. 22 12 •• 8 3 14.0U 1). 55 6.:)7 14.C7 l 3 • 75 1). )8 

FISHING Tll'IE(Hq) 9 . 25 10.25 u.5& 9.13 4.75 11. 33 10.59 1~.75 

AVE P.IVER FLOW 56 30tl 48700 47 )00 43700 38700 396CO ))100 )4500 

AVE ',IATE't TEMP. 62.6 64·~- 64.4 65.3 65.) 64.4 6S.J 6" • ., 

ATTRACTANT USE17 NO NO NO YES NO NO NO YES 

------------------------- ---------- ---------- ---------- ---------- ---------- ·---------- ---------- ---------
SLUEBACK HER~I'IG 6 16 70 q 12 3) 42 32 

HlCKORY SHAO 
ALfWTFE - - l 
lHER [(A :l SHAO l '5 12 67 6 2 4 l z 

-2:22:: s::::,: •===== -:1::::: .. ., •• =-== s22:s:-:a a22::2 as:s:: 

21 28 \3'3 15 14 37 43 )4 

O'\ 
I 
I-' ......., 

UI\LE 3. COIITINUEO 

OATE 06/05/83 06/06/83 06/15/SJ Oo/16/'3) ')6/)IJ/8) 07/08/'33 C7/09/93 07/11/93 

1110. LIFTS 2) 6 2 l l l l4 11 q 8 

FlqST LIFT 507 500 730 '500 610 615 609 60') 

LAST LIFT 1820 755 11355 1100 11 55 1200 1C40 \CO:? 

OPE{.I.TING T(~'E l3 . 22 z.92 11. 42 6.00 5.75 5.15 4.52 4.~n 

F t<;HTNG Tl' '.E (HR) 10.75 2.25 5.08 4 . 75 4.09 4.15 3 .83 3.0) 

AV': R lVEP. l'L!lwt )9000 34100 22UOO l 790U It 7300 17100 169 00 1690:> 

AVE 14ATE II T~110. 66.2 68.0 74.!i 7 c;. 2 11.q 76.3 11.0 75.z 

ATTRACTANT USE07 NO NO NO NO NO NO '110 '10 

------------------------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
gLU~qA(K HERP.ll\lC 206 16 l 7 - - 3 \ 

"i IC KORY ';HAO - - - - - - - 12 

4LI:\. IF~ 16 3 l 
AMEK IC4,-. SHA'1 l \t - l 17 2 2 l 

s::z:::: ::==== ::a:a::: :2:::2 a::::2 •===== as::::: ass==-= 

333 19 ) z,. z z 4 l3 



°' I ...... 
CX> 

TABLE 1. co~,1~ueo 

!>ATE 
NO. LIFTS 
F ('tST LIFT 
LlST UFT 
QP;RA T [l<tC T(''E 
FlSHl~G Tl~E(HRI 
lVE ~IVER FL0.4 
AVE ~~TER TENP• 
ATTRACTA~T USEOJ 

BLUE,ACK HERRING 
HICKORY SHAO 
llEWtF= 
lHEli.ICAN SHAO 

O~/l l/93 
9 

605 
lOl\ 
... 10 
).58 
15300 
11.0 

NO 

----------

1 
2:t:::: 

l 

07/lZ/83 TCULS 
9 15l 

605 
10)5 
... 50 Jc,T.25 
3.75 Z61.86 
11200 
11.0 

"ID 

---------- ---------
52d 

11 
50 

l 437 
a''SS::2 1111:::-:::: 

l 1,u)Z 



TA,LE 4. co,oiltNG~ OAM FISH COLLECTION FACILITY - 19!3 
CJTCH TOTALS, APRIL 1 TO JULY 12, 198). 

TOTAL fOTAL AGE t PIO . rlF NO. OF FISH [~IG NJ"'B~R ~U'·lo.l; R NU~ee~ LENGTH GROWTH ~IU11B ER 04YS Lt FTS TluE(M[N) COMMON nAM~ COUNTED (EST t:-1) TRA'lSP DAU D.lT A T 4l;l;EIJ P.EC!PS ------ ------ --------- ------------------------- ------- ------- ------ ------ ------ ------- ------H 68<l 14016 AM~RtCA~ EEL l 3994 2500 0 0 0 0 
SLUEeACK HERRING 0 528 0 He 348 0 0 HICKORY SHAO 15 15 0 3 3 0 0 ALE,HFE 0 .39 0 15 15 0 0 AHl:RION SIIA') 437 437 ll4 )00 315 23.? 14 GI ZlARO SHAO 0 1076105 )OU 119"1 914 345 82 ATLANTIC MENHAOE~ 0 l 0 0 0 0 C RA(NSC..I TROUT 0 2 0 0 0 0 0 BROil~ T~OUT 0 208 0 0 0 0 0 
BROOK TROUT 0 l 0 0 0 0 0 
NORTHERN PIKE ~-

l l 0 C 0 0 0 CARP 0 lbl24 0 110 llU 'J 0 GOLDEN SHl;IIER 0 246 i) 0 0 0 C 
COMELY SH I'IER 0 .3202 u 0 0 0 0 
SPOTT Ail SHIMER 0 2391 0 0 0 0 0 
SPOTFI~ SHIUER 0 924 0 0 0 0 a 
OU(LLBACK 0 4219 0 0 0 u 0 
WH! TE SUCKER 0 2C. 9 0 0 0 0 C 
SHORTHEAO REOHORSE 0 6636 0 a 0 0 0 
WHITE CATFISH 0 294 0 C 0 0 a 

°' YELL'J\.I BULLHEAO 0 3Z 0 0 u u 0 I 
9R')..IN BULL HE Ai) 0 2)5 0 0 0 0 0 ~ 

\0 CHANNEL CATFISH 2 232)1 0 807 821 799 18 WH[ TE PERCH 0 24764 0 498 501 0 4 
Sfll(PED BASS i) 201 65 11811 418 342 0 0 
110,:K BASS 0 355 0 0 0 0 a 
RE')~RE4ST SUHFISH 0 1110 u 0 0 " 0 
GREE/I SUNFISH 0 32 0 0 0 0 C 
0 u\\p1q;,seEo 0 805 'J 0 •J 0 0 
BLUEGILL 0 1933 I) 0 0 0 0 
SMALLNOUTH BASS 0 971 0 627 na 56~ 160 
LARvF~1UTH :USS 0 22 0 0 0 u 0 
WHITE CHPPIE 0 922 0 0 I Q 0 0 
!iLACK CRAPPIE 0 20) 0 0 ') 0 C 
YELLOW Pl:RCH 0 832 u I) 0 0 0 
WALLEYE 0 au iJ 531 617 358 9', 
LA'•PREYS 0 2 u 0 u 0 0 
SEA LA'IP~EY 0 6 0 C 0 0 C 
lA'<E HEllR l "IG 0 l 0 0 0 u iJ 
ST~IPE') BASS X WHITE aASS 0 433 0 Z36 240 2C4 6 
TIGcR 'IUSKIE 22 22 0 0 0 0 0 ------- ------- ------ ------ ------ ------- ------OTOT 4L l'l8.3 478 1192499 14725 5090 5004 25C7 3U 



TABLE S. 

Comparison of mean daily river flow and total catch 
of American shad early and late spring, 1982 and 1963. 

10 Aoril to 8 May 

Piver flow (cfs x 1000) 
American shad 

9 May to 5 June 

River Flow (cfs x 1000) 
American shad 

6- 20 

1982 

51 
563 

1983 

> 100 
no operation 

56.5 
412 
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TAgLE 6. COMPARl~ON OF THE AMERICAN SHAO CATCH, CATCH PER EFFORT, 
ANO EFFORT 9ETWEE~ LOW {ONE OR LESS UNIT GENERATIO'l) ANO 
HIGH DISCHARGES (TWO OR MORE UNIT GEi~ERATION) AT THE 
CONOWINGO FISH LIFT, 1 APRIL TO 15 JUNE, 1983. 

TOTAL SHAO ,, .. SHAD MINUTES NUMBER CATCH 
GENERATION STATUS CAUGHT FISHED OF LIFTS PER/HR 
----------------- ------ ------- -------- -------

ONE OR LESS 126 615 46 12.29 
TWO OR ~ORE 287 12822 645 1.34 

----- ----------- ----- -- - -------
413 13437 691 1.a4 
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Schematic drawing of Conowingo Dam Fish Collection Facility, Anonymous (1972). 
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FlGU~E Zo c,NOW[NGO OAH FISH COLLECTIO~ FACILITY - 198) 
A~ER[CAN SHAO CATCH DURING THE ,eRIOO CF ATTRACTA~T USE 

F~C lLITY rtOT OPERATEi> ON DAYS :URKEO ~ 
USE 0~ ATTRACTA~T IS INDICATED (Y/~) WHEN SHAO ~5RE CAUGHT 

DATE 

05/13/8) 

05/14/8) 

05/15/83 

OS/16/83 \ 

05/17/83 

05/18/83 

05/19/83 

05/20/83 

05/21/83 

U5/22/83 

os,z 3/83 

05/24/83 

05/2 5/83 

05/26/83 

05/ZT/a3 

05/28/83 

05/29/83 

05/30/83 

05/31/83 

06/:)1/83 

06/:)2/83 

06/03/83 

06/04/83 

06/05/8) 

I 
I IY 
11 
11 NNN 
I I 
11 ti 
I I 
I IYYY 
II 
11 NNNNNN"l 
11 
I IN:I 
11 
IINNNNNNNNNNNNN~N 
11 
11 YYYYYY 
II 
I I NNNNNNtl 
11 

BAR CHART OF su~s 

11 NNNNNNNNNNNNN;-..NNN'~~IN~:lNNNNMmNNNNNNNNNNNN lNNN~IM~l 
11 
11 
11 
11 
11 
II 
11 
I IN 
11 
11 YYYY 
II 
11 NNNNNNNN 
11 
11 NNNNNN 
I I 
l!NNNNNNNNNNNNN~NNNNNNNNNNNNNNNNNNNN 
II 
1 IYYY 
11 
I IN 
11 
I INN 
11 
II "I 
II 
(IY 

II 
l!NNNNNNNNNtlNNNtlNNNNNNN~NNNNNN~NNNNNNNNNNNNNNNNNNNNNNNNNN~ 
11 
-·---------·---------·---------·---------·---------•------o.o zo.o 40o0 60o0 80.0 100.0 

SHAO SU!" 

SHAO SUM 

1.0 

s.o 

z.o 
600 

13.0 

4.0 

Jo.a 

12.0 

l4o0 

96.o 

M 

M 

14 

z.u 
T oO 

l5o0 

12.0 

67 .o 

6.o 

z.o 

4o0 

l .o 

z.o 
111.0 



JOB VII. POPULATION ASSESSMENT OF ADULT AMERICAN SHAO IN THE 
UPPER CHESAPEAKE BAY - 1983 

Dale R. l~einrich and Mary Ellen Dore 
Maryland DNR - Tidewater Administration 

Annapolis, Maryland 

7.1 INTRODUCTI ON 

Prior to 1980, few population estimates for American shad in Maryland 

waters had been made. Walburg's (1954) estimates of the pounds of 

shad in Maryland waters from 1944-1952 were based on a sing le tagging 

experiment. St. Pierre (1979) estimated the average population of 

American shad in the Susquehanna River and extreme northern porti ons 

of Chesapeake Bay from 1890 to 1904 based on the average commercial 

landings in this area during the 15 years examined. 

Realizing the need to update this data base concerning American shad 

in the upper Chesapeake Bay, and because of the drastic decline in stock 

size experienced since the late 1960's, the Tidal Fish Division of the 

Maryland Department of Natural Resources has conducted studies beginning 

in 1980 designed to estimate the number of spawning shad in t his area . 

These capture-mark-recapture efforts are designed not j11st for population 

estimation but can also be utilized for othe ma n~g2ment needs such as 

predicting exploitation, survival, and fis t J ates, va rious catch per 

unit effort parameters for various fishi nc ea rs, and recruitment to 

the population. Maryland commercial and sport fishe ries for shad remained 

closed during 1983. This paper is concerned with our adult population 

estimations and the procedures and techniques used in their derivation . 

Results of a sport ang ling survey and juvenile abundance survey for shad 

in the upper Bay - lower river are also presented. 



7.2 METHODS AND MATERIALS 

Basic capture, holding, and tagging procedures for 1983 differed little 

from the previous year (see 1982 SRAFRC report). Fish captured by the 

anchor gill net were placed in a round holding tank and transported 

away from the netting area in order to avoid immediate recapture. The 

holding tank/bilge pump system utilized in 1982 (Weinrich et al, 1983) 

was again in operation for 1983. The only major change in the 1983 gill 

netting effort was our attempt to reduce the high percei ved net mort­

ality of the previous three years. During past year~ anchor gill nets 

were set at dusk and fished from 1-3 hours later depending on river flows. 

However, this delayed our efforts to check the nets and often resulted 

in large numbers of weakened or dead shad. In an effort to reduce this 

problem in 1983, our anchor nets were not set until river flows per­

mitted immediate fishing. Pound nets and hook and line capture and 

tagging procedures remained unchanged for 1983. 

7.3 RESULTS 

Unusually high river flows during the spring of 1983 greatly hampered 

our entire tagging operation. The commercial µo und net t er was unable 

to assemble and fish his rig until May 25, tr -,eby precluding the use 

of this gear to capture shad for marking. •nok and line tagging, so 

successful the previous year was reduced to 2 days effort in 1983 be­

cause of the dangerous flow conditions in the tailrace below Conowingo 

Dam. Likewise, anchor gill net effort was reduced from 11 nights in 

1982 to only 5 nights during 1983. Tables 7.1 and 7.2 present catch 

and effort data for the 1983 tagging operation. 

7-2 



Only 217 shad were marked and released during 1983, 122 less than the 

previous year. Of these 217, 12 were subsequently recaptured. Specific 

information concerning these recaptures can be found in Table 7.3. A 

general sunmarization of these recaptures is presented below: 

a) all 12 recaptures were made by commercial fishermen 

b) all 12 recaptures were tagged from gil l nets 

c) all 12 fish were recaptured in the same general location 
as they were initially marked 

d) shortest period at large was 2 days 
longest period at large was 20 days 
average period at large was 7 days 

Shad population estimates for 1983 were again calculated using both 

the Petersen Index (7,127) and the Schaefer Method (8,031). The 

advantage to the Schaefer, a series of stratified Petersen estimates, 

is that the bias associated with the immigration-emigration of adult 

spawners can be minimized because of the Schaefer 1 s ability to estimate 

populations during successive time interval s. Tables 7.4 and 7. 5 show 

how the Pertersen and Schaefer estimates were dervived. 

7.4 DISCUSSION 

Modification of gill net fishing procedures d r1ng 1983 greatly reduced 

perceived mortality for this particular ge~ The 1983 gill net mort-

ality was calculated to be 2.8% as opposed tn 551 , 191 , and 30% for 

1980, 1981, and 1982 respectively . 

As in 1982, the 1983 upper Chesapeake Bay population estimate is some­

what suspect. The high river flows greatly reduced effort by Tidal 

7- 3 



Fisheries personnel and RMC trap operation (Job VI). Subsequent 

decreases in the amount of net fished and trap li fts completed, total 

catch, and recaptures by both groups was the result of these adverse 

river conditions. 

However, the tremendous increase in Tidal Fisheries gill net catch per 

unit effort (CPUE) over previous years (Table 7.6) is somewhat contra­

dictory to both our total catch and associated population estimates. 

Reasons for this substantial change in gill net efficiency could be the 

result of one of the following: 

a) high river flows and low water temperatures kept the adult 
shad from moving upstream past our netting area 

b) netting efforts were coincidental with pushes of adult 
spawners into the river 

c) the run size was larger than estimated 

7.5 SUMMARY OF POPULATION ASSESSMENT 

High river flows during the spring of 1983 greatly hampered DNR 

efforts to capture adult American shad for marking and their sub-

sequent recapture. 

The estimates of the number of adult Am~r·can shad utilizing the 

upper Chesapeake Bay for 1983 as calcul~ ~ d hJ t he Petersen d~d 

Schaefer methods were 7,127 and 8,031 , ~pectively. 

A su stantial difference was observed i1, Tidal Fisheries anchor 

gill net CPUE during 1983 as compared to the previous 3 years . 

This increase in gill net efficiency somewhat confuses the 1983 

adult shad population estimate. 

Changes in anchor gill netting procedures in 1983 greatly reduced 
perceived mortality by this gear compared to 1980,1981, and 1982. 

7-4 



7.6 SPORT ANGLING SURVEY 

The following information was gathered from interviews with sport 

anglers fishing the lower Susquehanna River below Conowingo Dam 

from April 2 to June 24, 1983: 

a) Catch/effort data - estimated no. of anglers - 26,778 
no. hours fished - 109,180 
catch - 226,417 fish 

b) Estimated sport catch of American shad: 

1980 - 8 
1981 - 118 
1982 - 266 
1983 - 132 

c) Catch per angler hour and hours to catch one fish: 
1982 1983 

species 
white perch 
striped bass 
channel catfish 
river herring 
American shad 

CPAH 
0.888 
0.017 
0.159 
0.008 
0.008 

HTC 

1. I 
57 . 0 
6.3 

119.0 
119.0 

d) Key differences between 1983 - 1982: 

CPAH 

1.446 
0.030 
0.176 
0.010 
0.001 

- 102% decrease in sport catch of American shad 

HTC 
0.7 

33.3 
5.7 

100.0 
1000.0 

- marked increase in sport angler success for four importantspecies 

- increase in both angler pressure (61~) dnd total ~atch (142%) 

7.7 JUVENILE RECRUITMENT SURVEY 

A comparison of the 1983 juvenile recruitment survey with those conducted 

in 1980~ 1981, and 1982 is presented. These data compare total catch 

and CPUE for both haul seine and otter trawl for three anadromous and 

two estuarine species, all important sport and corrmercial finfish in the 

upper Chesapeake Bay. The 1983 data includes information from nine 

7-5 



biweekly sampling periods that began during the second week of July 

and continued through the first week of November. No young-of-the-year 

American shad were collected during the 1983 sampling program. Catch 

composition for the five important species is given in Table 7.7 . 

In addition to the eight regular seine stations, six auxiliary locations 

were sampled during 1983. These sites, located on the periphery of the 

Flats at Plum Point, Oakington, National Guard Reservation, Stump Point , 

Charter Hall Point, and Turkey Point, were selected on the basis of 

previous American shad studies and were sampled during the off-weeks 

between regular sampling schedule. 

Seining techniques and data collection procedures were identical at 

all 14 sample sites. No juvenile American shad or blueback herring or 

alewife were collected in any of the 86 seine hauls made at the six 

auxiliary sites. A total of 147 white perch juveniles and 4 striped 

bass juveniles were collected at these six sites. 

In summary , the 1983 juvenile survey found no American sh,d; herring 

catches were greatly reduced over 1982 1 s l ow level; anr. a significant 

decline was noted in both striped bass and ~1 te perch CPUE and to tal 

catch, as compared to 1982. 

\ 
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TABLE 7.1 Dates fished by gear type during the 1983 upper 
Chesapeake Bay American shad tagging operation. 

Date G E A R T Y P E S 
POUND NET ANCHOR GILL NET HOOK & LINE 

May 16 X 
17 
18 X X 
19 X 
20 
21 X 
22 X 
23 
24 
25 X 
26 
27 
28 
29 
30 
31 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 1983 upper Chesapeake Bay shad tagging program. 

Gear Type Location Catch # Tagged # Dead Mortality 

Pound Net Susq. Flats 1 0 1 100% 

Anchor gill Susq. River 214 207 6 2.8% 

Hook & line Susq . River 11 10 1 9.1% 

Cono. trap Susq. River 416* 

TOTALS 642 217 8 3. 6'~** 

* Fish lift catch minus 14 RMC recaptur.es of their tagged shad 
** Final perceived gear mortality based on DNR efforts only 

TABLE 7.3 Capture- recapture dates, locations and gear types 
for 12 American shad recaptures during 1983 program 

Tag Recapture Tagging Gear Recapture Gear Days 
Date Date Location Location at large 

5/16 5/20 Susq. R. GN Susq. R. GN 4 

5/16 5/21 Susq. R. GN Susq. R. GN 5 

5/18 5/20 Susq. R. GN Susq. R. GN 2 

5/21 6/2 Susq. R. GN ~11sq . R. GN 12 

5/21 6/10 Susq. R. GN S11sq. R. GN 20 

5/31 6/2 Susq. R. GN Susq. R. GN 2 

5/31 6/3 Susq. R. GN Susq. R. GN 3 

5/31 6/4 Susq. R. GN Susq . R. GN 4 

5/31 6/6 Susq. R. GN Susq. R. GN 6 

5/31 6/7 Susq. R. GN Susq. R. GN 7 

5/31 6/7 Susq . R. GN Susq. R. GN 7 

5/31 6/10 Susq. R. GN Susq. R. GN 10 
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TABLE 7.4 Population estimate of adult American shad utilizinq 
the Susquehanna River, Susquehanna Flats, and the -
Northeast River for 1983 by the Petersen Index. 

Chapman's Modification to the Petersen Index-

N = (M + 1) {C + 1) 
R + 1 

where N = population estimate 
#offish tagged 

For the 1983 Survey -

C = 424 
R = 12 
M = 217 

Therefore -

N = (217 + 1) (424 + 1) 
12 + 1 

= 7,127 

M 
C 
R 

= 
= 
= 

#offish examined for tags 
# of tagged fish recaptured 

From Ricker (1975): Calculation of sampling error using the 
recapture numbers in conjunction with a 
Poisson distribution approximation and 
acceptable confidence limits 

Using Chapman (1951) -

N* = (M + 1) (C + l) 
Rt+ 1 

LOWER N* = (217 + 1) (424 + 1) 
21.0 + 1 

UPPER N* = (217 + 1) (424 + 1) 
6.2 + 1 
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wh ::re : tabular value 
(from Ricker p343) 

= 4 ' l @ .95 confidence limits 

= 12,868@ .95 confidence limits 



TABLE 7.5 Population estimate of adult American shad using the 
Susquehanna River and Flats, and the Northeast River 
during 1983 by the Schaefer Method. 

A. Recoveries of American shad tagged in successive weeks listed 
according to week of recovery; total tagged each week; and fish 
recovered. 

Week of W E E K of TAGGING tagged fish total C;/R; 
Recovery(j) 1 2 3 4 5 6 7 recovered fish 

( Ri ) recovered 
{ Cj ) 

1 0 7 0.00 
2 0 151 0.00 
3 3 3 206 68.67 
4 0 9 0. 00 
5 0 139 0.00 
6 1 3 4 7 1. 75 
7 1 4 5 123 24 .60 

Tagged fish 0 3 2 0 7 0 0 12 recovered 
( R; ) 

Total Fish 
tagged 
( M; ) 

0 92 84 0 41 0 0 (217) 642 

Mi/R; 0 30.7 42.0 0 5.9 0 0 

B. Computed totals of American shad in the Susquehanna 
and the Northeast River during 1983. 

River and Flats 

Week of 
Recovery (j) 

1 

2 

3 

4 

5 

6 

7 

Totals 

1 

Week of Tagg n g 
2 3 4 5 

6,318 

74 

- 1,033 

6,318 1,107 

30 

576 

606 
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6 7 Totals 

6,318 

104 

1,609 

8,031 



TABLE 7.6 Catch, effort and catch per unit effort (CPUE) for adult 
American shad captured by pound nets and anchor gill nets 
during the 1980-1983 upper Chesapeake shad tagging program. 

Pound Nets Year Total Net days Catch per 
Catch Fished pound net day 

1980 120 112 1.07 
1981 103 118 0.87 

1982 79 86 0.92 
1983 1 1 1.00 

Anchor Gill Year Total Yd2-hours Yd2-hours to Nets 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 

TABLE 7.7 Juvenile catch composition of five species taken during 
juvenile recruitment survey in upper Chesapeake Bay and 
Susquehanna River, 1980-1983. 

Species Gear 1980 1981 1982 1983 
total CPUE total CPUE total CPUE total CPUE 

American hs 0 0.0 0 o.o 0 o.o 0 0.0 
shad ot 0 0.0 0 0.0 1 0.01 0 0.0 

Blueback hs 108 0.6 2 O. Cl 130 0.8 1 0.01 
herring ot 27 0.3 0 O. l 8 0.1 2 0.02 

Alewife hs 194 1.1 108 0.8 14 0.1 4 0.03 
ot 38 0.4 33 0.4 14 0.1 6 0.06 

White hs 1315 7.2 174 1.3 1660 10. l 208 1. 5 
perch ot 1453 14.4 347 3.8 3973 37.8 553 5.5 

Striped hs 55 0.3 8 0.1 235 1.4 8 0.06 
bass ot 8 0.1 0 0.0 49 0.5 2 0.02 

hs=haul seine; ot=otter trawl 
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