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INTRODUCTION

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

should be imprinted to the Susquehanna River and will hopefully migrate to
sea and return as spawning adults in future years.

The 1984 restoration program was similar to that of past years and is
separated into seven major work elements. Collection and transplantation

of prespawned adult shad from out-of-basin sources, collection of shad eggs
and delivery to the hatchery, shad culture, cultural research and stocking,
and juvenile outmigration evaluation studies were financially supported by

the Pennsylvania Power-& Light Company and Safe Harbor Water Power Corporation
as part of a settlement agreement reached in April, 1981 with the Pennsyl-
vania Fish Commission and the Susquehanna River Basin Commission.

Operation of the fish collection facility at Conowingo Dam, transport of
prespawned adult shad and herring upstream from that site, and juvenile

shad assessment in Conowingo Pool and tailwaters is funded by the Phila-
delphia Electric Company and conducted by contractors to PECO. Assessment
of population size and characterization of the American shad stock returning
to the upper Chesapeake Bay-lower Susquehanna River is conducted by the
Tidal Fisheries Division of the Maryland Department of Natural Resources

as a cost-shared Federal Aid project.

Tha Conowinan tran had to comnete with h1ﬂh wrunv- 'F'lnmc: and 1’II'I"‘h‘II‘In discharnesg
LA™ le'U" ll!u “e UU S WP F \.- v\,

throughout the spr1ng migration season. These h1gher than norma1 flows
adversely affected shad catch and also hindered population assessment
activities in the lower river.

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

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

This is the final year of effort funded by the 1981 settlement agreement.

A new 10-year agreement was reached in December, 1984 between upstream

utilities and intervenor agencies which were involved in relicensing proceedings.
A1l four utilities and the Susquehanna River Basin Commission are provided
voting representation on SRAFRC as part of the new agreement.



SUMMARY OF ACCOMPLISHMENTS

During May, 1984 a total of 4,671 adult American shad were transferred to

the Susquehanna River from the Hudson (4,372) and Connecticut (299) Rivers.
A1l fish were stocked at Tunkhannock, PA and average survival to the

release site was measured at 82%. Three transport units were used for

hauling and an improved aeration system on one unit outperformed the others

in terms of survival. A single stocking of a flow-through pond at Pleasant
Mount Hatchery (PFC) resulted in 98% survival after 5 days. Improved handling
and hauling conditions and a healthy Hudson River stock contributed to this
success. Over 15,000 adult shad have been stocked into the upper Susquehanna
River during 1982-1984.

A total of 41.11 million shad eggs were collected from the Pamunkey (9.83M),
James (0.74M), Delaware (2.64M), and Columbia Rivers (27.88M) in 1984. This
is the Targest number of eggs delivered to Van Dyke Hatchery since its incep-
tion in 1977. Pamunkey River totals were the greatest in the 11 years of
egg taking from that stream and the Columbia take was the second highest in

8 years. Approximately 45% of the eggs hatched at Van Dyke and a record

73% of those survived to stocking. Greatest viability was recorded for
Virginia eggs, lowest for the Delaware.

Just over 13% million fry were produced of which 12 million were stocked
into the Juniata River. This is equivalent to the total fry production

for the three previous years combined. About 30,000 fingerlings were pro-
duced in the Thompsontown Canal and an additional 4,000 were provided to

RMC for tagging studies. Over half the fry stocked in the Juniata were less
than 18 days of age due to crowding at the hatchery during June.

Catch of American shad at the Conowingo 1ift was the lowest since 1980

(167 fish). Low catch of shad in 1983 and 1984 is related to high river
flow rates and concomitant increased generation at the project during the
migration season. Shad apparently cannot find the trap when large turbine
releases compete for their attention. 1In 1984, flow at Conowingo did not
drop below 50,000 c¢fs until June 5. By contrast, in 1982 over 2,000 shad
were collected at the trap during the month of May, and river flows never
exceeded 50,000 cfs. No shad or herring were transported upstream in 1984.

Maryland DNR continued their adult shad population assessment in the upper
Chesapeake Bay. Anchored gill nets and hook and 1ine (Conowingo tailrace)
were used to collect 221 shad for tagging. Of 13 recaptures, 10 were used
in the population estimate and 7 of those recaptures came from the 1ift.
The estimated shad population size in 1984 was 3.500-3,800, considerably
smaller than estimates for 1981 through 1983. Maryland shad fisheries
remained closed.

No young shad were collected in the main Susquehanna River above Clarks

Ferry during seining efforts in August and September. Unusual flow conditions
during late spring and summer, failed reproduction of adults, or inadequate
sampling may be responsible for lack of shad in collections. Almost 1,300
juvenile shad were taken by seine at Amity Hall near the mouth of the Juniata
River during six sample dates in August through October. Cast net samples

i



at York Haven, Safe Harbor and Holtwood produced erratic results during
weekly collections (September-November) and baseline abundance indices were
not developed. Strainers at Safe Harbor produced 112 shad and Peach Bottom
intake screens took 38. Only one shad was collected below Conowingo Dam

in 1984 despite increased sampling intensity which included midwater
trawling. Size of juveniles in the lower river was larger than past years
with many fish in the 150-175mm fork length range. This may be related

to a poor year-class of gizzard shad in the Tower river impoundments.

Research conducted by the Pennsylvania Fish Comnmission in 1984 emphasized

feed and feeding regimes in early shad larvae in an effort to improve

growth and survival, and use of oxytetracycline to mark daily otolith rings

in shad fry for future identification. It appears that shad larvae do not
feed at night and that growth and survival are enhanced with a feeding rate
of 12 Artemia nauplii per fish per day supplemented with Larval AP-100 dry
diet. ~Two production lots of shad fry (age 15 days) were treated with 50 mg/1
oxytetracycline hydrochloride for 12 hours per day for 4 consecutive days.
Water was buffered and pure oxygen added to reduce stress. At 57 days of age,
39 of 40 fish examined displayed the fluorescent mark on otoliths, and at

152 days of age 14 of 17 (82%) showed the mark. Future marking of all fry
released from Van Dyke may be extremely useful in determining the efficacy

of the hatchery versus adult transfer programs.

Additional information on activities discussed in this Annual Progress Report
can be obtained from the authors or by contacting the Susquehanna River
Coordinator, U.S. Fish and Wildlife Service, P.0. Box 1673, Harrisburg,
Pennsylvania 17105.
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JOB I. TRANSFER ADULT AMERICAN SHAD TO THE SUSQUEHANNA RIVER
FROM OUT-OF-BASIN SOURCES
Thamas J. Koch and Joseph A. Nack

National Envirommental Services, Inc.
Lancaster, PA.

1.1 INTRODUCTION

Fram 1981 through 1983 over 9,800 pre-spawned shad were transported
fram the Connecticut (1981-83) and Hudson Rivers (1982-83) and released
to the Susquehanna. The purpose of this activity is to establish a run
of American shad to the Susquehanna River based upon fish which are
spawned in the river.

The 1984 SRAFRC work program was basically a continuation of the
activities conducted during 1981-1983. Due to funding limitations the
program was streamlined and the target numbers reduced fram the previous
year. A minimum of 4,000 adult shad were to be collected fram the
Hudson and Connecticut Rivers and transported to the Susquehanna River.
Handling and transport mortality was to be limited to 25% or less.

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

The Hudson River was expected to provide 3,000 fish, taken by
haul seining near Hudson, N.Y. The remaining 1,000 adults were to be
taken fram the fishlift at Holyoke Dam on the Connecticut River. Provisions
were made to increase the target numbers and days on the Hudson River
if sufficient quantity of shad were available. Consequently, this would
reduce the number of days at the Holyoke Fish Lift.

1-1



1.1 Continued

The Connecticut River operational procedures differed little fram
previous years (see previous SRAFRC reports). This operation was
conducted by the PFC, using Pleasant Mount Fish Cultural Station as a
center of operations. A series of changes were employed on the PFC

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

The Hudson River out-of-basin transfer program, in its third year,
utilized methods developed in past years. This program was conducted

by NES, utilizing local cammercial fishermen for this operation.

1.2 HUDSON RIVER SHAD TRANSFER PROGRAM

In 1982 and 1983 NES successfully captured pre-spawned adult shad
fram the Hudson River and transferred them to a release site on the upper
Susquehanna River, in New York. A total of 992 in 1982 and 3,123 in
1983 fish were presumed alive at release, resulting in a survival rate of
84% for both years. Past experience by NES on the 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 gill-nets as the primary gear, however, shad
capture was shifted to haul seine when low survival resulted. The overall
success of the haul seine and the operation in general led to its expansion

in 1983.

1-2



1.2.1 Schedule and Collecting Methods

The Hudson River program was conducted fram 30 April - 22 May
on a seven day per week basis. Operational timetables were contingent
m'tidal conditions; i.e., when the tide was running full haul seines
could not be used effectively. Generally, fishing activities took place
between 0600 and 2000 hours. Sampling days were utilized to the fullest
in order to reach the proposed goal.

American shad were collected fram the Hudson River in the vicinity
of Greenport, NY. Crews ranging fram 10-12 technicians worked
cooperatively with cammercial fishermen contracted to collect shad.
Crews worked to capture shad, transport them to a shore-based site and

load the tank truck.

A 500 x 12 ft haul seine with 2 inch square mesh wings and 1 inch
square mesh bag was utilized to collect shad. The seine operation was
directed through mutual agreement with cammercial 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 large
numbers of shad in the 1982 and 1983 operations. The seine was hauled along
the shoreline as soon as the tide changed fram ebb to flood. This tidal

condition was used to minimize manpower needs in hauling the seine.

Two people were needed to lay out the net fram 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.



1.2.1 Continued

Shad collected in the seine were immediately hand brailed fram the
bag to one of two tanks mounted in 16 ft boats. One system consisted
of a 400-gallon oval fiberglass tank, while the other boat supported
a 300-gallon round galvinized stocktank. Both systems were circulated
by 3 HP trash pumps which drew water from the bottam center of the tank
to an intake valve on the top inside tank wall. Oxygen levels were main-
tained by large cylinders of oxygen mounted in each boat.

Tests by NES determined that the 400-gallon oval tank could safely
support 125-130 shad for a 30 minute period, while the 300-gallon round
tank could hold a maximum of 60-65 shad before overly stressed fish were
observed. However, the number of fish loaded each day was determined by
several factors including water temperature, size of fish and river con-
ditions. The boats and tanks, after loading, were driven by two NES
personnel to a shore-based loading site, approximately a five minute
ride. The addition of the second shuttle boat in 1984 enabled the crew
to increase efficiency and to reduce the time the fish were held in the

seine.

At the shoreline 3-5 shad were dip-netted fram the stock tank into
a 15-gallon round galvanized metal wash tub filled with water. Two in-
dividuals carried each tub a distance of about 100 yards. The shad were
lifted by hand to the opening of the transfer tank and deposited into

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

The minimum load to be transferred to the Susquehanna River was
50 shad. They were accumilated in the transport tank until that number
was reached. The maximum capacity of the tank was about 150 shad.

Most shipments averaged between 120-130 fish.

1.2.2 Description of Transfer Equipment Utilized by NES

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 accamplished by
removing the outside circular cap by a gate release located on the
back of the tank. A portable cylindrical shoot, fitted with a flexible
discharge tube to avoid forcing fish to the river bottam during release,
is attached below the unloading hatch and directs both water and shad

into the Susquehanna River.

The fiberglass tank is mounted onto a wooden platform with rubber
cushions on both sides of the structure to provide shock absorption and
reduce stress on the legs of the tank. This structure is mounted to
the bed of the truck. In addition, cable guide lines are attached fram
the tank top to the truck bed to supply additional support. The mounting
system was employed as a result of stress fractures in the legs of the

tank in the 1983 operation.

Water circulation is created by two 3 HP gasoline driven centrifugal
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1.2.2 Continued

pumps. Each pump has an individual pressure discharge to the tank,
located tangential to the inner tank wall. Pressure discharges are
located at different heights to create equal current throughout the

water column in the tank. A cammon return suction to the pumps is located
at the bottam center of the tank. Each pump is equipped with a bleeder

valve which introduces air into the system during pumping.

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 strength of the current. Opening air valves and
increasing the amount of air in the lines causes a reduction in the
current and increases the rate of aeration. Approximately 70% water
and 30% air were continually delivered to the tanks by the pumps. Air valves

were opened to the maximum position.

1.2.3 Description of the PFC Transfer Equipment

The transport tank used by the PFC is of the same dimensions and
specifications as that employed by NES. The basic differences are the
mounting structure (NES utilized the platform and guide lines) and the
life support system (aerators and oxygen injection). The following

description of the system was supplied by the PFC:

The two Fresh-Flow (model #TT, 12 VDC) aerators are mounted through

the lip of the tank. Power is supplied by the trucks existing electrical
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system. Water current speed in the tank is adjusted by directing the
aerator discharge against the tank wall or into the desired flow direction.

A 12-inch section of Porex tubing is mounted under the aerators so that the
oxygen flows directly into the aerators intake screens. A flow meter as well
as an oxygen injection cylinder are utilized in order that a constant amount

of oxygen can be maintained.

1.2.4 Water Conditioning

On suggestions fram the PFC, prior to loading shad in the transport
tank, the water was treated with 80 pounds of Agway Solar Salt (0.9% solution)
and 100 ml of Argent Silicone Based Antifocam Solution (diluted to 500 ml with
distilled water.) These suggestions were based on transportation studies
conducted by the PFC during the 1983 program. (See 1983 Annual Progress

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

The report stated that the addition of salt to the transportation tank
seems to reduce mortalities in long duration stocking trips. The antifoam

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

1.2.5 Temperature/Oxygen Monitoring and Release of Fish

Cooling of the transport tank was not necessary. Cooling is necessary
when 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
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1.2.5 Continued

increases in temperature during transport. Dissolved oxygen (DO) was
maintained by an aeration system which is an integral part of the
transport tank. Dissolved oxygen (DO) and temperature were monitored
with a ¥SI Model 57 oxygen meter. A small opening at the top edge of
the tank provided access to the release hatch cover. The probe was
inserted prior to securing the tank for transport. Readings were
monitored throughout the course of the trip and recorded at two hour
intervals. A final water temperature and dissolved oxygen reading was

made in the tank prior to stocking.

Tunkhannock, PA., was used as the primary release site. At the
release site, the truck was backed down the access ramp to the shoreline
and circulation pumps shut down. The hatch cover was removed and the
flexible shoot attached. Before the release cover was raised, visually
dead shad were removed. Same mortality was unavoidable during transfer.
After release, divers dip-netted arourd the release site for
approximately 15-30 minutes to retrieve any fish which died in transit
or release. It is probable that all dead fish are not recovered in this

manner.

1.2.6 Results - Numbers of Shad Transplanted and Survival

Shad were collected fram the Hudson River fram 30 April through
24 May. The abundance and condition of fish began to decline by end of

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

NES and the PFC fram the Hudson River and released at Tunkhannock, PA.
Of these fish, a total of 3592 were alive at release. The PFC trucked
2,418 fish while NES trucked 1,954. Mean survival was 87.5% (range 70%
to 98%)* and 75.3% (range 30% to 99%) respectively. The average survival

for Hudson River fish was 82%.

The primary release site on the Susquehanna River was at
Tunkhannock, PA. This location was utilized for all but one load, which
was examined for delayed mortality by the PFC. Some 107 shad were delivered
to a 1/2 acre earthen pond at Pleasant Mount Fish Cultural Station. A
total of 93 shad survived the transfer (87%) and 91 shad were found alive
after 5 days in the pond (98% survival). These fish were trucked to the
Susquehanna River and released at Tunkhannock, PA., after the five day
study.

The average time for loading the tank depended on the number of
fish taken in the haul and the number of trucks to be loaded. If
sufficient numbers of fish were taken to fill the tank, the entire
operation would take approximately 2-4 hours. The typical travel time
fran the Hudson River collection site to Tunkhannock was less than five

hours.

The condition of fishes taken by haul seine appeared to be
extremely good. The haul seine, though labor intensive, is an excellent

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

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

quantities of fish with a minimal amount of hardling. The addition of
the second boat mounted shuttle system greatly increased the efficiency
of the operation and reduced the time shad were: held in the net. In
addition, the Hudson River seining site has prowvided the transport
operation with a consistant supply of shad since its inclusion in the
program. These factors, lower fish survival, and greater travel time
for the Holyoke Operation prampted the SRAFRC technical cammittee to
expand the Hudson River transfer project for an additional five days,
consequently reducing the number of hauls schecdluled for the Connecticut

River.

1.2.7 Water Temperature and Dissolved Oxygen

Water temperature during the time of the shad capture ranged fram
54-57°F (Table 3). The increase in temperature during transit varied
between the NES and PFC systems. The increase in temperature in transit
for NES was approximately 5°F, while the PFC transport system had less
than a 2°F rise during the 4-5 hour trip. Water temperature in the

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

Dissolved oxygen was usually about 8 pom (6.4 — 9.5 ppm) on the
Hudson River during the transfer operation. The average DO for the
NES system was approximately 5.0 ppm (4.5 - 6.8 ppm) at trips end
and 8.5 ppm (6.9 - 9.9 pom) for the PFC. The clifference in these parameters

may have contributed to the higher survival of shad trucked by the PFC.
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1.2.7 Continued

It is important to note the results of 17 May when the PFC compared
the two systems. (One truck employed the gasoline trash pumps while
the other system supported the new aerator and oxygen injection). Every
effort was made to minimize differences in loading and trucking procedures.
The PFC indicated that DO for the gasoline powered system declined by
5.3 ppm while temperature rose same 7°F. In comparison the Free Flo
System had approximately a one ppm decline in DO (9.6 start - 8.5 finish)
and water temperature was up only 2°F. Survival was 49.5% and 98.0%

respectively.

1.2.8 Interagency Cooperation

The Hudson River adult transfer program was a cooperative effort
between various agencies. The NYDEC, PFC and USFWS were available for
technical consultation, as necessary, during the course of carrying
out the operation. The PFC was also involved in the fish transport
and delayed mortality studies of shad. In addition, PFC Waterways
Patrolman were helpful in disposal of dead shad, as well as the retrieval
of fish that had washed to the shoreline in the various days after release.

Same 100 fish were collected in this manner.

1.3 CQOONNECTICUT RIVER SHAD TRANSFER PROGRAM
131 Introduction and Schedule

Adult transplant operations fram the Connecticut River to the

Susquehanna River were first conducted on an experimental basis in 1980.
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1.3.1 Continued

Since its inclusion in the program the Connecticut River has supplied
same 6,200 fish for the restoration effort. The 1984 work plan called
for a minimum of 1,000 fish to be captured and trucked to the Susquehanna
River. The program was later streamlined to one day, in order that the

Hudson River operation could be expanded.

1.3.2 Results

The PFC utilized the same transport system that had proved effective
on the Hudson River. A total of 299 shad were handled fram Holyoke to
Tunkhannock, PA., in two truck loads on 29 May. Only 185 of these shad
(62%) were alive following stocking (Table 2). Due to the reduced
schedule, no shad were taken to the Pleasant Mount Pond for mortality

studies.

1.4 SUMMARY

1.4.1 Camparison with Efforts of 1980 through 1984

The number of shad transferred from out-of-basin sources to the Susque-
hanna River ranged from a Tow of 193 in 1980 to 5,637 in 1983. The 1984
program added 4,372 shad for a 5-year total of 15,450 (Table 2). Survival
to stocking during this period averaged 77% (range 59% to 84%), while the
number released alive increased from 114 in 1980 to 4,310 in 1983. Transfer
procedures over the years have also been modified and improved to best meet

the SRAFRC goals.
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1.4.2 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 82%. The success of this effort and the
effectiveness of seining encouraged SRAFRC to expand the efforts in
1983 and 1984. 1In 1984 a goal of 3,000 pre-spawn adult shad were
to be taken by haul seine and trucked to Tunkhannock, PA., with at
least 75% survival. The target number and operation was eventually
expanded by the technical committee.

In 1984, adult shad were collected by haul seine near Greenport, NY
by NES and transferred to the Susquehanna River by NES and the PFC. All
fish were taken directly to Tunkhannock, PA., except for one shipment
used for mortality tests. During the period of 30 April through 24 May
a grand total of 4,372 shad were transferred, of which 3,592 were

presumed alive at release. The average survival rate during transfer was
82%.

In 1984 the PFC utilized a Fresh-Flo aerator and oxygen injection
system in their transport units. The system worked effectively and survival
to stocking was significantly higher (87% PFC - 75% NES) than the
conventional small engine system used by NES. Dissolved oxygen averaged
8.5 ppm while the NES unit was only 5.0 ppm. Temperature increase was
less than 2°F for the PFC and 5°F for NES. The difference in these
parameters may have contributed to the higher survival of shad trucked

by the PFC.
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1.4.3 Connecticut River

The Connecticut River operation was streamlined to one day, as
a result of the Hudson River expansion. On 29 May a total of 299
shad of which 185 survived (62%) were trucked to Tuckhannock, PA

in two loads.
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Table 1.1 Data on Prespawned Adult Shad Transferred from th= Hudson
River to the Susquehanna River at Tuckhannock, PA. by
NES and the PFC, 1984.

TRIP # TOTAL TANK
DATE AND NUMBER NUMBER NUMBER TIME
AGENCY TRANSPORTED DEAD ALIVE (HRS: MIN)
4/30 1 NES 152 44 108 5:45
5/1 2 NES 148 35 113 4:35
5/2 3 NES 152 61 91 4:35
5/3 4 NES 156 109 47 5:30
5/4 5 NES 168 61 107 4:40
5/5 6 NES 107 6 101 5:00
5/5 1 PFC 107 10 97 5:00
5/6 2 PFC 125 16 109 5:20
5/7 7 NES 125 15 110 3:30
5/7 3 PFC 125 20 105 5:30
5/8 8 NES 135 22 113 4:15
5/8 4 PFC 125 37 82 4:00
5/9 9 NES 135 63 72 4:00
5/9 5 PFC 109 13 96 4:12
5/10% 10 NES 107 9 93 ——
5/11 11 NES 125 5 120 4:00
5/11 6 PFC 102 3 99 4:55
5/12 12 NES 90 1 89 4:40
5/12 7 PFC 101 16 85 4:35
5/13 13 NES 123 6 117 4:00
5/13 8 PFC 102 6 96 4:35
5/14 14 NES 125 2 123 4:00

Continued
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Table 1.1 Continued

TRIP # TOTAL TANK
DATE AND NUMBER NUMBER NUMBER TIME

AGENCY TRANSPORTED DEAD ALIVE (HRS: MIN)
5/14 9 PFC 112 8 104 3:55
5/15 10 PFC 120 7 113 5:00
5/16 11 PFC 47 0 47 4:35
5/17 ** 12 PFC 101 51 50 4:55
5/17 Al2 PFC 108 5 103 4:10
5/18 13 PFC 107 4 103 7:05
5/18 Al3 PFC 85 5 80 5:00
5/19 *** 14 PFC 0 0 0 ——
5/21 15 PFC 125 6 119 4:10
5/21 Al5 PFC 127 3 124 4:00
5/22 15 NES 106 42 64 5:45
5/22 16 PFC 106 11 95 5:15
5/22 Al6 PFC 125 13 112 4:00
5/23 17 PFC 119 17 102 4:05
5/23 Al7 PFC 117 13 104 5:00
5/24 18 PFC 123 24 99 5:10

* Transported to Pleasant Mount for delayed mortality studies.

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

*** Equipment failure, no fish transported.
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TABLE 1.2

Comparison of pre-spawned adult American shad transferred fram Connecticut: River
(1980-84) and Hudson River (1982-84) to Susquehanna River.

Number Number Percent:
Year Transported Alive Survival

CONNECTICUT RIVER

1980 193 114 59%
1981 1,486 1,165 78%
1982 2,287 1,573 69%
1983 1,946 1,187 61%
1984 299 185 62%
Total 6,211 4,224 68%
HUDSON RIVER
1982 1,176 992 84%
1983 3,691 3,123 84%
1984 4,372 3,592 82%
Total 9,239 7,707 83%

GRAND TOTAL 15,450 11,931 77%



TABIE 1.3

Record of Dissolved Oxygen and Temperature During Transport of Adult American Shad by NES and the PFC fram the
Hudson River to the Susquehanna River, 1984.

DISSOLVED OXYGEN (PPM) TEMPERATURE (°C)
TRIP # A
DATE AND HUDSON START TWO FOUR FINISH SUSQUEHANNA HUDSON START TWO FOUR FINISH SUSQUEHANNA

AGENCY RIVER TANK HRS. HRS. RIVER RIVER TANK HRS. HRS. RIVER
April 30 1 NES 6.4 7.8 7 ol LG 5ol 8.2 13.0 13.0 15.0 16.0 16.0 13.0
May 1 2 NES 8.0 8.4 T:7 54 5.4 8.4 12,0 13.0 14.0 15.0 1i15.0 11.5
2 3 NES 8.0 9.0 7.9 53 5.5 8.0 13,0 13.0 15.0 15.0 15.0 13.0
3 4 NES 8.0 8.4 7.8 5.4 5.4 8.1 14.0 14.0 14.0 14.0 14.0 130
4 5 NES 8.0 6.8 5.5 4.8 4.8 8.2 1200 12.6° 940 14,00 14.0 12.0
- 5 6 NES 8.0 4.5 4.5 4.5 4.5 8.2 13.0 13.0 13.0 '13.0 13.0 12.0
g 5 1 PFC - 9.0 B.6 7.7 8.9 - 13.2 13.2 13.2' 13.5 135 2.0
6 2 PFC 8.0 9.0 7.8 7.9 8.3 e 13.0 13.0 14.0 14.5 15.0 115

7 7 NES = - e — METER MALFUNCTIONING — -— -_— -— —
7 3 FEC 79 20:%, T.9 8.4 8.2 5 136 130 0 4.5 148 4. 11.5
8 B NES 9.5 4.2 4.8 4.5 4.5 8.0 12.0 11.0 13.0 313.0 13.0 11.5
8 4 PFC 9.5 9.5 8.0 8.2 8.4 - 12.0 12.0 150 120 12.0 11.%
9 9 NES Y i) 4.5 4.7 47 4.7 8.0 1250 12.0 12.0 13.0 13.0 12.0
9 5 PFC D 755 9.0 9.3 9.3 — 12.0 1:2.0 12,0 -12.0 12.0 12.0
10 10 NES 8.4 5.0 4.8 4.8 4.8 8.0 11.0 11.0 11.0. '12.0 12.0 12.0
11 11 NES 8.6 5.5 5.5 4.8 4.8 8.0 .0 11.0° 13.0 14.0 14.0 11.5
11 6 PFC 8.6 8.6 9.3 8.7 B.6 —_— 1150 11.0 Y150 1350 13.0 11.5

12 12 NES 8.6 6.4 5.0 5.0 5.0 8.5 13.0 13.0 14.0 15.0 15.0 12.0
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DISSOLVED OXYGEN (PPM) TEMPERATURE (°C)
TRIP #
DATE AND HUDSON START TWO FOUR FINISH SUSQUEHANNA HUDSON START TWO FOUR FINISH SUSQUEHANMA
AGENCY RIVER TANK HRS. HRS. RIVER. RIVER TANK HRS.  HRS. RIVER

12 7 PFC 8.6 8.6 746~ B8 8.9 = 13.0 13.0 13.0 13.5 13.5 12.0
13 13 NES 8.7 7.0 5.0 4.5 4.5 8.0 12.0 12.0 13.0 14.0 14.0 =
13 8 PFC 8.7 8.7 8.9 9.2 9.2 - 12.0 12.0 13:0. 13:5 135 14.0
14 14 NES 9.0 6.0 6.8 6.8 6.8 8.0 12.0 12.0 13.0 14.0 14.0 115
14 9 FFC 9.0 8.7 B.5: 9,2 9.2 — 12.0 12.5 12.5 12.5 12.5 1%.5
15 10 PFRC 9.5 8.5 T8 99 9.9 = 12.0 12.0 1 HE2 R i B 11.5 12.0
16, A1 PRES 1000 9.0 9.2, 9.8 9.5 — 1.0 11.0 12.0.  11.5 11.5 11.5
17% 12 PFC 1036 9.6 4.7 4.3 4.3 e 1IT.5 13.5 14.0 15.0 15.0 11.0
17 Al2 pPFC 10.6 9.6 Bi5: /Bu5 B.5 == 11.5 12.0 13,0 1350 13.0 11.0
18 13 PFC 9.0 5.5 8.9 8.5 6.8 e 12.0 125 13.0 13.0 13.5 12.0
18 Al3 PFC = = = — e ek i Fh = i st v
19 14 PFC = - e - = e — — — — = —
21 15 PFC 8.7 8.9 7.6/ 8.5 8.5 8.1 14.0 16.0 17.0° 175 175 14.0
21 AlS5 PFC 8.7 5.5 T4 84 8.4 8.1 14.0 16.0 17.0: 17.5 17.5 14.0
22 15 NES 8.0 4.8 4.8 5.1 g | 7.8 12.0 16.0 18.0 19.0 19.0 14.0
22, 16 Prc 6.1 5.9 6.5 7.0 7.0 S 15.0 16.0 17.5 17.5 17.5 s
22 Al6 PFC 6.0 6.0 6.8 7.2 1e2 o-er 16.0 16.0 17.0 17.5 17.5 15.0
23 Y7 PrC 8.3 9.3 8.7 7.4 7.4 7.9 16.5 16.5 5.5 1505 15.5 16.0
23 Al7 PFC 8.3 7.8 8.4 9.6 9.6 7.9 16.5 16.5 5.5 18.5 15.5 16.0
24 18 PFC 7:3 6.9 8.4 7.4 6.9 L 17.0 17.0 1700 17.0 17.0 e

*Trip #12 PFC (5-17) - Utilized small engine life support system.
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Table 1.4 1984 ADULT AMERICAN SHAD TRANSPORTATION -

JIMMEDIATE MORTALITY ASSESSMENT BY SEX

(PENNSYLVANIA FISH COMMISSION)

Males Females
$ of Mean Mean % of Mean Mean

§ Fish i $ # Total Length Weight Total Length Weight
Date Hauled Dead Dead Dead # Dead (inches) (pounds) Dead _#% Dead {inches) {pounds)
5/8 135 24 17.8 17 70.8 21.2 T 7 29.2 23.3 5.4
5/8 125 35 28.0 26 74.3 20.4 3.3 9 25.7 23.6 5.3
5/9 136 64 47.1 49 76.6 20.2 3.6 15 23.4 22.4 5.1
5/9 109 13 11.9 10 76.9 19.1 3.1 3 23.1 22,1 5.3
5/10% 107 11 10.3 8 12.7 20.2 3.5 3 27.3 21.9 5
5/15 120 7 5.8 6 85.7 19.4 3.2 1 14.3 22.4 6.0
5/16 46 0 0 0 0 0 0 0 0 0 0
5/17 108 5 4.6 "4 80.0 19.7 3.1 : | 20.0 22.2 3.9
5/137 101 51 50.5 36 70.6 19.5 2.8 15 29.4 22.8 4.5
Overall 987 210 21.3 156 74.3 20.1 33 54 257 22.8 5.0
*Released in Pleasant Mount " Lagoon;" 5-day delayed mortality after stocking = 2 fish (2%). Subsequent

harvest from "lagoon,™ and transport to the river resulted in the loss of 1 fish and the release of 93 live
American shad. ;



JOB ITI. AMERICAN SHAD EGG QOLLECTION PROGRAM
Thamas J. Koch and Joseph A. Nack

National Environmental Services, Inc.
Lancaster, PA.

2.1 INTRODUCTION

Egg Collection in 1984 was to be conducted on the James and Pamunkey
Rivers in Virginia; the Delaware River; and the Columbia River, Oregon-
Washington. The SRAFRC goal for 1984 was to obtain 25-40 million viable
eggs, to reach a minimum production rate of 4 million fry and 100,000
advanced fry and fingerlings. The Hudson River was to be sampled only
as an alternate if large numbers of ripe fish were encountered during
routine adult collection. Eggs were to be delivered to the Van Dyke
Hatchery. The fish released fram the hatchery will supplement the
development of the shad population below the Conowingo Dam with the

urge to migrate upstream past dams to spawn.

In 1983 East and West Coast egg collection activities resulted in
the incubation of a record 34.5 million American shad eggs. Of these
a total of 4.1 million juvenile American shad, 4 million fry and

98,000 fingerlings were released into the Juniata River.
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2.2 METHODS
2.2.1 Egg Collection

Eggs were collected fraom shad in spawning condition taken in
gill-nets by camercial 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 fram three or four spawning females into a
dry collecting pan and fertilized with sperm fram 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 optimum 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 times to remove dead
sperm, unfertilized and broken eggs, and debris. Fertilized eggs were
then poured into large plastic buckets filled with clean river water
and allowed to soak for several hours to becane hardened. During this
period, water was periodically drained, clean water added and agitated to
provide aeration. Once the eggs were hardened, the water was drained
and debris, such as scales and stickes, removed. Then, five liters each
of eggs and clean water was placed in a plastic bag which had an outer

plastic bag for protection in shipping.

Pure oxygen was put into the bag containing eggs and the bag securely
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2.2.1 Continued

tied with two castrator rings. The package was then placed into styrofoam
containers, sealed with tape and placed in cardboard boxes for 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 Virginia rivers
on 9 April, upon confirming reports that shad had been taken by fishermen
in spawning condition. Biologists/technicians worked with cammercial
fishermen at Thompson's Landing, New Kent, Virginia, located approximately
4-6 miles upstream of Lester Manor. Previous years efforts have proven
that this area is a viable location for catching adult spawning shad.
Netting was usually conducted between 1530 and 2200 hours on a seven day
per week schedule. NES biologists/technicians operated fram the shoreline
at Thampson's Landing. As fish were captured, a small shuttle system
was utilized to bring the spawning fish to the shoreline as quickly as
possible. This shuttle was new for 1984, Fish in spawning condition

were processed at the shoreline.

2.2.2.2 James River, Virginia

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

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

An overlap period of one to two weeks is not uncamwn. Throughout the
Pamunkey River ega collection program communication between cammercial
fishermen on the James and NES bioclogists was maintained, to determine

when collection efforts on the James River should begin.

Egg collection efforts on the James River began on 20 April at
Berkley Plantation Landing. Berkley Plantation is in the Charles City-

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

Camercial fishermen using gill-nets and biologists/technicians
worked together out of small row boats during egg collection operations.
Eggs were stripped fram spawning females and fertilized on the boat,
rather than on the shoreline, as was the case on the Pamunkey River.

Gill-netting was conducted fram 1530 to 2200 hours.

2.2.2.3 BHBudson River

Although a total of 1,172,400 eggs were collected fram the Hudson
River in 1983, the Hudson River was not utilized as an egg source during
1984 SRAFRC activities. The Hudson River was considered as an additional
source if large numbers of ripe fish were encountered during routine adult

collection—a situation which did not occur.

2.2.2.4 Columbia River

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

was initiated on 11 June. This decision was determined only after NES
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2.2.2.4 Continued
biologists had monitored routine fishing activities of Columbia River
camercial fishermen and agreed that spawning shad were available in
sufficient numbers.

Netting for shad was conducted on the north shoreline approximately
two miles upstream at the Camas-Washougal Reef (Troutdale area). The
reef is characterized by 10-30 foot water depths with rocky substrate
and scattered logs and trees underlying the netting area. Shad were
captured by gill-nets, as in previous years. The nets utilized during the
1984 operation were 150 fathams in length and tapered in depth fram a
maximum of 1-2 fathams with 5 3/4 inch monofilament mesh. Typically,

three 45-60 minute drifts were made nightly.

2.2.2.5 Delaware River

In 1983 an experimental effort was conducted on the Delaware River
at the Smithfield Beach by personnel of the U.S. Fish and Wildlife Service,
PA Fish Camission and a local volunteer group to collect American shad
eggs. Smithfield Beach is located about 8 miles upstream NE fram East

Stroudsburg, PA.

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

Work Plan. The PFC had the lead on this project.

The sampling program was initiated on 22 May and terminated on 7 June.
By this time, the majority of shad taken were no longer in spawning
condition. Shad were captured utilizing anchored gill-nets (200 ft long x



2.2.2.5 Continued

6 ft deep, with 4 3/4 - 6 in mesh) set parallel to the current. Nets
were generally set between dusk and midnight. Fish were removed fram

nets and shuttled by boat to shore to be processed.

2.3 TRANSPORTATION
2.3.1 Virginia Rivers

Shad eggs collected fram the Pamunkey and James Rivers were
transported by autamobile, as was the case in 1983. Eggs collected at
the rivers were driven to Sandston, Virginia. Arrangements were made to
deliver the shipments fram Sandston to the Van Dyke Hatchery. NES
personnel in Virginia notified the hatchery nightly to verify the estimated
number of liters and the ETA of the shipment. The average delivery time

fram Virginia to Van Dyke was six hours.

2.3.2 Columbia River

After packaging the eggs fram the Columbia River, the boxes 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).

Unfortunately 1983 flight arrangements were no longer in service and
alternate connections had to be made. In 1983 freight shipped to
Washington, D.C. did not result in a plane change. However, no direct

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

Consequently the egg shipments were flown to Chicago and redirected to

Harrisburg International Airport. This change inaircraft is believed to

have reduced viability and is discussed in more detail later in the report.
Upon arrival of egg shipments into Harrisburg, PA., eggs were

transported by van to the hatchery. Approximate shipping time was

11-13 hours.

2.3.3 Delaware River

Egg shipments fram the Delaware Rivers were transported in the
same manner as in Virginia. Eggs were delivered by autamobile fram the
oollection site to the Van Dyke Hatchery. Eggs were received usually within
a few hours of processing. The driving distance to the hatchery was

approximately 3 hours.

2.4 COLLECTION SCHEDULE

The shad egg collection schedule was based on experience gained
over a ten year period. Initiation of collection activities on any river

wae Aatarmined +hrmith ~ermmmicatione with commecial Fichermen and/or
= (B9 0} s s AT VA i wAAIELReeL A el 3 2 Taasmag ra

Y Sup B 1Y & [ a in it 54—

participation in fishing activities which documented that spawning shad
were available in sufficient numbers. Collection activities usually began

when water temperature reached 55-60°F.

East Coast eqg collection operations were terminated when less than

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

apparent that shad had concluded spawning activities. The West Coast
operation was based on the number of fishing days that the budget could

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

2.5 RESULTS

In 1983 a cooperative effort was made to improve procedures of
collection, artificial fertilization and shipment of American shad eggs.
The result was improved viability and egg quality for the entire program.
These techniques which proved effective in 1983 were followed as closely
as possible in this years program. Regardless, viability of eggs for 1984
was down on both East and West Coast Rivers. Decreased viability is

attributed to:

(1) Abnormal weather conditions on the East Coast in 1984. High
amounts of precipitation and unusually cold weather may have affected
the number and quality of eggs available. For instance, in Virginia,
the number of eggs stripped per fish was significantly lower than that
of the previous year. An average of 12.7 thousand eggs per fish was
taken in 1984, down about 35% fram 17.2 thousand in 1983.

(2) The ratio of buck to roe. Viability on the West Coast declined
by 9% from last years average of 48%. On several occasions this year,

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

(3) Change in the flight schedule for egg shipments. In 1983, ship-

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

change. However, in 1984, no flights to the East Coast were available
without a plane change in Chicago. Consequently, the shipments were
exposed to increased handling, same missed flight connections and
delayed time of arrival. This situation was also a problem in

1981 and 1982.

2.5.1 Pamunkey River

Shad egg collection efforts began on 11 April on the Pamunkey River,
Virginia and continued throughout the duration of the annual adult spawning
runs. Water temperature ranged fram 54 to 64°F. Egg collection efforts
were halted on 1 May when cammercial fishermen no longer caught shad in
gill-nets. A total of 9.8 million eggs, of which 6.3 million were viable,

were collected fram the Pamunkey River.

Heavy rains and abnormally low temperatures in late March and early
April resulted in a late shad run in Virginia. In addition, fishermen were
forced to fish 1-2 miles below Thampson's Landing this year, due to reduced
numbers of shad at the landing. Fishermen attributed the poor catch to the

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

2.5.2 James River

While the Pamunkey River was producing the highest number of eggs in
the history of the collection program, the James River had a disappointing

season (Tables 2 and 5). A late shad run and high winds reduced the number
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2.5.2 Continued
of days in which fishermen were able to set their nets.,

A total of only four fishing days were spent on the James River in
1984 as campared to 10 days in 1983. A sum of only 0.74 million eggs
were collected between 20 April and 2 May. This figure was down
significantly fram 5.91 million eggs in 1983. 1In 1984, 63.9% of James

River eqggs were viable.

2.5.3 Columbia River

Egg collection on the Columbia River began on 11 June and continued
through 29 June. Water temperature ranged from 52-62°F. A total of
27.8 million eggs, of which same 10.9 million were viable, were sent to
the Van Dyke Hatchery in 14 seperate shipments. Although viability for
1984 was down about 9% fram last year, a superior shad run resulted in
an increase of 1.5 million more viable eggs than in 1983. The 27.80
million eggs taken on the Columbia River this year represents the second
highest total number of eggs since the 54.80 million collected in 1976.

2.5.4 Delaware River

Over 2.60 million eggs were collected in efforts on the Delaware
River (Table 7). Approximately 0.82 million (31.2%) were viable. This
is down approximately 7% fram last years 48% average. All eggs were
delivered to the Van Dyke Hatchery nightly, in six separate shipments.

Viability in these shipments ranged fram a low of zero percent to a high
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2.5.4 Continued

of 75.5%. The shipment of 24 May when no viable eggs were received was
a result of not using oxygen in the shipment bags. The PFC also suggested
that the low viabilities in shipments 23-25 (Table 7) may be weather

related, as was the case in Virginia.

2.5.5 All Rivers Cambined

The shad egg collection operation was conducted between 11 April
and 7 June on three East Coast rivers and the Columbia River (Oregon-
Washington) . Cambined, the total number of eggs collected was same
41.1 million. Of these, over 18.5 million were viable. Most eqggs
(67%) were obtained fram the Columbia River. Although viability of eggs
was lower for the entire program, a greater volume of eggs were collected

in 1984.

2.6 COOMPARISON WITH 1971 TO 1984 RESULTS

The total number of eggs collected in 1984 has increased steadily
over the last three years. Much of this increase can be attributed to
the Columbia River and the recent strength of the Pamunkey River. The
Pamunkey in the last two years has made a significant contribution to the
program (5.49 million - 1983 and 9.8 million - 1984). The 9.8 million
eggs taken fram the Pamunkey River this year marks the highest total since
its inclusion in the program. Although the Pamunkey has been strong in

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

source of eggs. The Columbia River once again produced the highest
number of eggs (67%) and remains the most reliable source of artificially

fertilized shad eggs.

2.7 REFERENCE

Kilcer, T. F. 1973. Report on the 1973 American shad egg transplant program
in the Susquehanna River. Ichth. Asso., Inc., Drumore, PA.
Shad Egg Report No. 3 for Susquehanna River Shad Advisory Committee: 26

2-12




TABIE 1. Sampling period for East and West Coast rivers for collection of
American shad eggs, 1984.
SAMPLING SCHEDULE
RIVER DATES TOTAL FISHING DAYS
Pamunkey 11 April - 2 May 19
James 20 April - 2 May 3
Columbia 11 June - 29 June 15
Delaware 22 May - 7 June 6
TABLE 2. Collection data of the total volume and number of American shad eggs
on the Pamunkey, James, Columbia and Delaware rivers, 1984.
RIVER VOLUME OF EGGS SHIPPED (L) TOTAL NUMBER OF EGGS
(Millions)
Pamunkey 299.00 9.83
James 25.20 0.74
Columbia 779.40 27.88
Delaware 53.70 2.64
Totals 1,157.30 41.11
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TABLE 3
Total number (millions) of American shad eggs collected fram the Pamunkey, Mattaponi, James, Potamac,
Susquehanna, Delaware, Connecticut, Hudson and Columbia Rivers, 1971-1984.

Year Pamunkey Mattaponi James Potamac  Susquehanna Delaware Connecticut Columbia Hudson Total
1971 — -_— - - 8.42 - —— - — 8.4
1972 - - — - 7.00 —= — - - 7158 |
1973 8.45 6.48 — 34.64 4.74 -— 4.30 — —_ 58.6
1974 9.75 6.80 19.20 5.56 — - 0.53 8.18 e 50.0
1975 1.88 =h 715 5.70 — —_ - 18.42 - 33.2
1976 - = - — —_ 4.10 — 54.80 —— 58.9
1977 4.40 0.57 3.42 P P = 0.35 8.90 - 17.6
1978 6.90 a 10.11 = e - - - - 17.0
1979 Je i - 4.99 == - —— - — — 8.2
1980 6.73 . 6.83 - — - —_ - - 13.6
1981 4.58 s 1.26 - —_— - - 5.78 - 11.6
1982 2.03 - 1.25 — —_ - - 22.57 e 25.8
1983 5.49 s 5.91 == — 2.40 - 19.51 1.17 34.48
1984 9.83 = 0.74 p = 2.64 — 27.88 - 41.11
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TARIE 4

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

Volure of Eggs

Collection Water Number of (Regzii:dqmer;;: Weather Conditions mc?jl
e Te“p?r;?m hess-imal (In Liters) e T?i“g.";ram Fisherman & Boats

April 11 55 21 8.0 60 - Clear 3 2
12 57 66 16.7 60 - Clear 5 3
13 56 66 21.2 59 - Rain 3 2
14 59 84 23.7 63 - Rain 5 3
15 60 67 14.6 55 - Cloudy 3 2
16 60 97 26.4 55 - Clear 3 2
17 60 49 20.5 55 - Clear 1 1
18 59 44 12.8 52 - Clear 3 2
19 5o 73 25.2 52 - Rain 5 4
20 58 94 24.6 55 - Clear 4 3
21 59 86 29.3 58 - Clear 7 4
23 54 33 8.5 52 - Cloudy 4 3
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TABIE 4 Continued

Volume of Eggs

{ (Received at Number of
Collection yakex Hunber: of Hatchery) Weather Conditions " Camercial
Hate Tenparscune HiLE Shad (In Liters) Air Tempera Fisherman & Boats
(°F) (°F)
April 26 56 24 .00 60 - Clear 2 2
27 60 21 8.4 65 - Clcudy 1 1
28 61 30 10.5 65 = Cloudy 4 3
29 63 50 12.0 70 - Clear 4 3
30 63 37 10.5 73 - Clear 4 3
My 1 64 34 9.8 72 - Clear 3 2
2 64 - 55 11.6 70 - Cloudy 3 2
TABIE 5
Collection data fram American shad eggs taken on the James River, 1984.
Volume of Eggs =
Collection Water Number of (Received at Weather Conditions Number of
Date Temperature Adult Shad Hatchery) Air Temperature Cammercial
(°F) (In Liters) (°F) Fisherman & Boats
April 20 59 38 10.6 55 = Clear 4 2
23 54 19 7.5 52 - Cloudy 2 1

26 56 20 7=1 60 - Clear 2 1
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TABLE 6
Collection data for American shad eggs taken on the Columbia River, 1984.

Volume of Eggs

Collection Water Number of (Received at Weather Conditions
Date Temperature Adult Shad Hatchery) Air Temperature
(°F) Male Female (In Liters) (°F)
June 11 59 38 114 58.8 65 - Clear
12 54 40 120 62.1 65 - Cloudy
13 54 33 100 51.3 62 - Cloudy
14 58 33 100 55. 2 70 - Clear
15 55 36 110 56. 4 67 - Clear
18 56 26 140 72.3 : 70 - Clear
19 60 40 120 68.7 70 - Clear
20 58 15 80 52.4 50 - Rain
21 52 23 70 41.6 60 - Rain
22 56 29 87 55.9 75 - Clear
25 62 44 132 71.9 85 - Clear
26 60 23 70 38.1 68 - Rain
27 60 20 60 37.8 70 - Clear
29 60 20 90 56.9 55 - Cloudy



81-¢

TABLE 7
Collection data for American shad eggs taken on the Delaware River, 1984.

Collection Date Received - Volume of Eggs
Date By Hatchery Received at Hatchery

April 22 April 23 4.6 - Liters

23 24 12.2 - Liters

24 25 4.7 - Liters

May 5 May 6 6.0 - Liters

6 7 11.9 - Liters

7 8 14.3 - Liters



JOB III. AMERICAN SHAD HATCHERY OPERATIONS
T. A. Wiggins, T. R. Bender, and V. A. Mudrak
. Pennsylvania Fish Commission
Benner Spring Fish Research Station
Bellefonte, PA

The Pennsylvania Fish Commission has operated the Van Dyke
Research Station for Anadromous Fishes since 1976 as part of an
effort to restore diadromous fishes to the Susquehanna River
system. The objectives of the Van Dyke Station are to research
culture techniques (Job V) for American shad and to rear
juveniles, both fry and fingerlings, for release into the
Juniata River. The program goal is to develop a stock of shad
imprinted to the Susquehanna drainage, which will subsequently
return to the river as spawning adults. During 1984, the Van
Dyke Station incubated 41.1 million eggs with a 45.2 percent
hatch. A 73 percent survival of fry resulted in the production
of 13.6 million juvenile American shad from which a record 12
million were released into the Juniata River. All fish stocked
were exposed to phenethyl alcohol, an imprinting agent to be
used as a chemical attractant at the Conowingo Dam fish
collection facility.

This year's effort was supported by funds provided from the
settlement agreement between Pennsylvania Power and Light

Company, Safe Harbor Water Power Corporation, the Pennsylvania

Fish Commission, and the Susquehanna River Basin Commission.
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The Van Dyke Research Station received 39 egg shipments in
1984 with a total of 41.1 million eggs, the largest number of
eggs ever received at the facility (Table 3-1). National
Environmental Services, Incorporated, primarily responsible for
egg collection, provided eggs from three sources: the Pamunkey
and James Rivers in Virginia, and the Columbia River, Oregon.
The Pennsylvania Fish Commission was responsible for the egg
collection effort on the Delaware River.

Nineteen egg shipments were received from Virginia river
sources with a total of 10.6 million eggs (346 liters), 65
percent viable. The Pamunkey River shipments provided the
majority of eggs, 9.8 million (299.0 liters) of which 64.5
percent were viable. This was the largest annual collection of
eggs from the Pamunkey River. 1In contrast, the James River
collection effort provided only 0.7 million eggs (25.2 liters),
63.9 percent viable which is the lowest annual collection of
eggs from the James River. Egg collection efforts on the James
River were suspended, however, due to funding rather than the
availability of eggs.

The Delaware River egg collection effort provided 2.6
million eggs (53.7 liters) with an average viability of 31.2
percent. Egg viability was initially high (70-76 percent) until
one shipment was delayed resulting in a 0 percent hatch. Shortly
thereafter, the high river flow temporarily suspended the egg
collection effort. When this operation resumed, egg quality was
poor (17.0 percent viable) and resulted in the termination of

this collection effort.



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

Total # of shipments (all rivers)

Number of eggs received
Volume of eggs received
Average percent viability
Total number of viable eggs
Number of fry (at hatch)
Number of fry stocked

Totals (broken down by river)
Pamunkey River

Number of eggs received
Volume of eggs received
Percent viability

Total number of viable eggs
Number of fry (at hatch)

James River

Number of eggs received
Volume of eggs received
Percent viability

Total number of viable eggs
Number of fry (at hatch)

Delaware River

Number of eggs received
Volume of eggs received
Percent viability

Total number of viable eggs
Number of fry (at hatch)

Columbia River
Number of eggs received
Volume of eggs received
Average percent viability

Total number of viable eggs
Number of fry (at hatch)

*Estimate

3=3

39

41,112,900
1:157.3L%
45.2
18,593,600
18,007,000
11,995,690

9,839,800
299.0L
64.5
6,369,500
6 ;242 I‘OOO

749,700
25.2L
63.9

479,200

446,300

2,641,200
53.7L

31.2
823,600%*
785,800*

27,882,200
779 .4L
3952

10,921,300

10,532,900



The Columbia River has, as in the past, remained an
excellent source for a large number of eggs. A total of 27.9
million eggs were collected, 39.2 percent viable.

A breakdown by river system and shipment can be found in
Table 3-2.

The egg collection effort had an excellent year in 1984
with a record number of eggs delivered to the hatchery over an
extended period of time (April 12 to June 29). There were
some problems; however, egg viability, 45.2 percent, was 10
percent lower than in 1983. 1In 1983, 6.6 million fewer eggs
resulted in over half a million more fish at hatch. The egg
viability problem was partially due to the use of greater than
a 3 to 1l ratio (eggs from 3 females fertilized by 1 male) when
fertilizing eggs. This situation occurs because the mesh size
used is designed to catch fish that typically approach the
size of female American shad; the males tend to be smaller and
are often missed. A 48.3 percent hatch occurred when a
standard 3 to 1 ratio was used, as compared to a 34.9 percent
hatch when greater ratios (8 to 1 or 10 to 1) were used for
eggs collected on the same day. In addition,shipment of eggs
(delays in shipment or breakage of bags) and quality control
of spawning techniques (maintaining clean, dry basins between
lots of eggs, limiting number of eggs collected before
fertilization, etc.) contributed to poor egg quality. It has
been demonstrated that a large number of eggs can be collected
over an extended period of time and successfully handled at
Van Dyke., Effort should now be directed towards making all
eggs, "quality" eggs, without reducing the total number of
eggs collected.
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Table 3-2. BAmerican Shad egg data (listed by shipment) from Van Dyke, 1984.

G=E

Shipment Date Date Vol. (1) Percent Viable
Number River Taken Received Received (VD)  Eggs Viability —Eggs Sac Fry
1 Pamunkey 4/11 4/12 8.0 300,700 69.2 208,000 207,600
2 Pamunkey 4/12 4/13 16.7 692,200 62.2 430,600 421,800
3 Pamunkey 4/13 4/13 21.2 877,700 54.8 480,600 468,300
4 Pamunkey 4/14 4/15 2347 889,100 76.6 681,300 667,700
5 Pamunkey 4/15 4/16 14.6 455,100 60.8 276,500 272.400
6 Pamunkey 4/16 4/17 26.4 805,400 74.7 601,500 592,900
7 Pamunkey 4/17 4/18 20.5 582,900 8l1.8 476,800 448,800
8 Pamunkey 4/18 4/19 12.8 416,800 55.7 232,000 229,900
9 Pamunkey 4/19 4/20 25.2 816,900 51.9 423,600 421,300
10 Pamunkey 4/20 4/21 24.6 766,000 737 564,900 553,000
James 4/20 4/21 10.6 329,600 66.4 218,700 211,600
Lk Pamunkey 4/21 4/22 29.3 851,600 55.0 468,600 466,300
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Table 3-2.

Shipment

American Shad egg data (listed by shipment) from Van Dyke, 1984.

Number River

k.

13

14
15
16
17
18
19
20
21
22
23

24

25

Pamunkey

James
Pamunkey

James
Pamunkey

Pamunkey
Pamunkey
Pamunkey
Pamunkey
Pamunkey
Delaware
Delaware
Delaware

Delaware

Delaware

Delaware

Date Date Vol.
4/23 4/24 8.5
4/23 4/24 T»5
4/ 26 4/27 4.7
4/26 4/27 % |
4/27 4/28 8.4
4/28 4/29 10.5
4/29 4/30 12.0
4/30 5/1 10.5
571 5/2 9.8
5/2 5/3 11.6
5/22 5723 4.6
5/23 5/24 12.2
5/24 5/25 4.7
6/5 6/6 6.0
6/6 6/7 11.9
6/7 6/8 14,3

248,400

204,300
189,800

215,800
255,400

319,100
348,300
309,900
297,900
416,600
196,100
480,400
245,700
236,200

756,500

726,300

Percent

1.9%

23 ,4%

Viable
—Eggs_

126,100

125,800
120,400

134,700
152,400

257,300
212,700
211,200
191,500
253,500
148,100
335,500
0
110,000*

60,000*
170,000%

Sac Fry
121,200

102,000
119,000

132,700
150,400

249,300
205,500
206,800
190,400
249,500
145,500
300,300
0

110,000%*

60,000%*

170,000%*



L7e

Table 3-2.

Shipment

American Shad egg data (listed by shipment) from Van Dyke, 1984.

Number = River

26
27
28
29
30
31
32
33
34
35
36
<
38
39

Columbia
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia
Columbia

Columbia

Date Date Vol.

Iaken  Received = |Received (VD) Eggs
6/11 6/12 58.8 2,052.400
6/12 6/13 62.1 2,123,100
6/13 6/14 51.3 1,993,500
6/14 6/15 55,2 1,947,100
6/15 6/17 56 .4 1,813,400
6/18 6/19 72.3 2,624,000
6/19 6/20 68.7 2,518,800
6/20 6/21 52.4 1,874,900
6/21 6/22 41.6 1,808,800
6/22 6/23 55.9 1,925,000
6/25 6/26 71.9 2,628,500
6/26 6/27 38.1 1,388,300
6/27 6/28 37.8 1,418,300
6/29 6/30 56.9 1,766,100

Percent

Viability

41.1
43.2
38.1
35.2
39.0

Viable
—Eggs

980,600
872,500
808,300
624,400
628,500
1,327,200
1,025,600
595,800
469,700
791,000
1,135,800
473,900
499,200
688,800

Sac Fry
953,100

831,400
786,600
610,300
616,200
1,255,700
921,900
582,700
459,600
777,100
1,123,400
456,700
479,100
679,100



prodections: . Shad 'Cull 1 Stocki Dat

A 72.8 percent fry survival resulted in the production of
13.6 million juvenile American shad (Table 3-3). A record 12
million shad were released into the Juniata River toward the
realization of production goals (Table 3-4) and 847,000 fry
were utilized in studies conducted at the facility and for
stocking ponds. Additionally, in cooperation with other
Sections and Agencies, Van Dyke provided over 700,000 fry and
4,300 fingerlings for various research programs.

Forty-two stockings in 1984 resulted in the release of
12,026,160 juvenile American shad; 11,995,690 fry 7 to 59 days
of age and 30,500 fingerlings (1 inch or greater in length).
Shad stocked were exposed to the chemical attractant phenethyl
alcohol, which was administered 12 hours each day during the
period the fish were cultured in tanks. The fish were stocked
in good condition at the Pennsylvania Fish Commission's
Thompsontown Access Area.

The majority of fingerlings stocked in 1984 were reared in
the canal-pond at the Thompsontown Access Area. The pond
failed to produce fingerlings from the first fry planting but
was successfully restocked. The second crop resulted in the
release of an estimated 25,000 fingerlings directly into
Delaware Creek at the confluence with the Juniata River. The
Van Dyke Station (including tanks and ponds) produced an

additional 9,875 fingerlings.
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Table 3-3. Production and utilization of juvenile American

shad at the Van Dyke Research Station in 1984.

Fry released into the Juniata River

released into ponds at Van Dyke
and ancillary facilities

provided to Benner Spring Research Station
provided to Delmarva Ecological Laboratory

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

Total Production

Total Number of Viable Eggs

Survival (%) (all fry)

Survival (%) (of all fry greater than 18
days of age from the Pamunkey, James and
Columbia Rivers)

Fingerlings released into the Juniata River:
from the Van Dyke Facility

from ancillary facilities (canal-pond)

fingerlings provided to Radiation Management Corp.

provided to Wellsboro National Fishery
Research and Development Laboratory

Total production

11,995,690
416,900

601,700
100,000
430,140

13,544,430
18,593,600
72.8
63.3

5,500

25,000

4,000
375

34,875



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

(Table Continued)

3-10

Date Number River of Origin Age (days) Size
4/30% 142,000 Pamunkey 11 Fry
209,100 Pamunkey 8 Fry
5/3% 230,200 Pamunkey 10 Fry
202,700 Pamunkey 11 Fry
5/4 230,500 Pamunkey 11 Fry
5/5 223,200 Pamunkey 11 Fry
5/6 133,200 Pamunkey 12 Fry
5/7 200,300 Pamunkey 13 Fry
5/9 200,300 Pamunkey 15 Fry
5/13 165,400 Pamunkey 19 Fry
5/14 122,600 Pamunkey 18 Fry
5/15% 331,790 Pamunkey 18 Fry
5/17* 695,300 Pamunkey 18 Fry
5/20% 602,500 Pamunkey 19 Fry
174,100 James 19 Fry
5/21* 55,100 Pamunkey 19 Fry
30,900 James 19 Fry
5/23% 115,650 Pamunkey 18 Fry
115,450 James 18 Fry
5/24 125,800 Pamunkey 18 Fry
5/25 193,300 Pamunkey 18 Fry
5/29% 109,100 Pamunkey 18 Fry
y 189,000 James 19 Fry
6/25 38,100 Delaware 11 Fry



Table 3.4 (Continued).

Summary of stocking activities from
the Van Dyke Hatchery in 1984.

Date Number River of Origin Age (days) Size
6/26% 946,200 Columbia 8 Fry
6/27* 470,400 Columbia 7 Fry
6/28% 294,900 Columbia 8 Fry
489,900 Columbia 7 Fry
6/30 286,900 Columbia 9 Fry
i S 594,700 Columbia 9 Fry
1/ 2% 363,800 Columbia 9 Fry
7/3% 248,800 Columbia 10 Fry
328,600 Columbia 8 Fry
TL5* 726,800 Columbia 9 Fry
7/13% 93,700 Columbia 18 Fry
7/15*% 489,400 Columbia 18 Fry
7/16 67,700 Columbia 18 Fry
7/17 71,600 Columbia 18 Fry
7/18 56,500 Columbia 18 Fry
7/19*% 290,100 Columbia 18 Fry
7/20 141,300 Columbia 19 Fry
7/21 112,800 Columbia 18 Fry

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

Date Number River of Origin Age (days) Size
7/22*% 305,700 Columbia 18 Fry
7/23% 304,700 Columbia 18 Fry
7/31% 65,300 Columbia 22 Fry
145,800 Columbia 27 Fry
64,500 Columbia 30 Fry
8/22 50,000 Columbia 45 Fry
8/24 50,000 Columbia 47 Fry
8/28*% 50,000 Columbia 59 Fry
50,000 Columbia 56 Fry
9/18 4,500 Columbia 77=87

Fingerling (1")

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

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

*More than one tank stocked.

**Fingerlings from the canal-pond.



The 1984 hatchery program was quite successful with a
record 72.8 percent fry survival. The survival of fry from
Virginia River sources was the highest yet obtained at the
facility with 78 percent of the viable eggs resulting in
stocked fish. Survival for fry to 18 days of age was 75
percent. The Columbia River had an overall fry survival of 70
percent, with 57.4 percent survival of all fry (including test
fish) to 18 days of age. Fry used strictly for production had
a slightly lower survival of 53.1 percent (Figure 3-1). There
were instances of low fry survival in some of the early
Columbia River shipments; however, the exact cause, whether
water quality (Van Dyke's spring source had a pH of 5.7 in
July) or some other problem, was not determined.

The record high survival of fry appears to be the result
of several things: constant regulation of the water supply
appeared to reduce, but not eliminate, the mortality due to
gas supersaturation; significant changes were made in the
feeding regime (including scheme and rate) as a result of
studies conducted in 1983.

Early in the spring when the change in water temperatures
is greatest, it appears that flows of approximately 35 gallons
per minute and above exceed the ability of the degassing
devices to reduce total dissolved gases. Close regulation of
the water supply was maintained; however, at the high
production levels experienced in 1984 this is an extremely
difficult task. In order to maintain survival rates similar

to those in 1984, gas supersaturation must be controlled.
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Figure 3-1. Percent survival to 18 days of age for hatchery
reared American shad from Virginia Rivers (James and Pamunkey)

and the Columbia River, Oregon.
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First-feeding larval shad demonstrated diel variations in
feeding intensity (Wiggins et al. 1985) and consequently, the
introduction of food should coincide with the appetite
peak - i.e., with the period when fish have the greatest
stimulation to feed (Corazza and Nickum, 1983). The highest
level of feeding intensity occurred during the evening hours
(1800-2100 hours) and the lowest level at night. As a result
the feeding scheme was adjusted to reflect this pattern and
feed was presented for 8 to 14 hours each day while feeding at
night was discontinued. This allowed the Artemia nauplii to
be presented at a higher density, during a period when feed
would be more likely utilized.

Studies also indicated that there was a difficult period
of transition from endogenous to exogenous nutrition. The
early larvae were not as efficient at feeding, and there was
selection for smaller Artemia nauplii, possibly because the
larger Artemia nauplii could not be utilized. From 9 to 14
days of age, there was a high age specific mortality rate
which parralleled periods when growth and feeding intensity
did not increase. It was assumed the fish were starving and
the high mortality could be reduced by increasing the quantity
of feed. The feeding rate was changed from an average of 12
to 18 Artemia nauplii per fish per day. It appears that the
change in feeding scheme and rate resulted in the record
survival attained in 1984.

The early release of fry became a problem in 1984 when 6.6
million or 55 percent of the fry were released at less than 18
days of age. The facility has 24 rearing units which, in the
past, have often been under-utilized. Now, with the recent
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expansion of the egg collection effort and the short duration
of spawning activity on each river system, the hatchery
receives large numbers of eggs over a relatively short time
frame. This results in large numbers of hatching fry, rapidly
utilizing the existing rearing units, and a cycle emerges where
fry, less than 18 days of age, must be released in order to
provide a sufficient number of rearing units to accommodate the
continued daily hatch of fry.

Nineteen egg shipments from Virginia River sources were
received during a 21 day period (April 12 to May 3) and
required 31 tanks for hatching fry (mean fish density of
198,000 fry per tank or 165 fry per liter). This necessitated
the early release of 8 tanks of fish, 8 to 13 days of age. As
a result 37 percent or, 1.8 million fry, were released early
from Virginia sources in 1984. The annual problem is magnified
when looking at the large numbers of eggs collected from the
Columbia River. Fifteen shipments of eggs in 19 days utilized
41 rearing units (mean fish density of 266,000 fry per tank or
220 fry per liter) at hatch. As a result 18 tanks of fry (4.8
million), 66 percent of the Columbia River's production, were

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

Research conducted during 1983 demonstrated the need to
rear significantly larger quantities of Artemia. To meet this
demand, two 50 gallon (200 liter) units were set up and
tested. The units proved successful in hatching large
quantities of brine shrimp and were also less time consuming
to set up and operate. In addition, 10 vibrator type feeders
(model AFG, Sweeney Enterprises, Inc.) were purchased for the
specific purpose of dispensing finely ground and/or oily
larval diets. The feeders worked quite well and the purchase
of additional feeders is anticipated.

A new, electric, submersible pump was installed at the
canal-pond at the Thompsontown Access Area following several
acts of vandalism. The new pump provides an estimated 40

gallons per minute and is easily maintained.

Summary

The Van Dyke Research Station continued to rear and
release American shad as a part of the diadromous fish
restoration effort on the Susquehanna River drainage. The
station received 41.1 million eggs, the largest number of eggs
incubated at the facility; however, egg viability (45.2
percent) was less than the viability for 1983 (55.6 percent).
Fry survival was a record 73 percent, which resulted in the
rearing of 13.6 million fry and the release of 12 million

juvenile American shad into the Juniata River. Research



demonstrated more effective feeding regimes (Job V) and
verified the ability to intensively culture shad and attain
high survival rates. All fish were exposed to a chemical
imprinting agent, phenethyl alcohol, to be used as an
attractant at the Conowingo Dam fish collection facility.
Including fish released in 1984, a total of 31.4 million
juvenile American shad have been released into the Susquehanna

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

1976 1977 1978 1979 1989 1981 1982 1983 1984
Volume of Eggs Received (liters) 120.3 145.8 381.2 164.8 347.6 286.0 624.3 938.6 1,157.3
Number of Eggs Received (millions) 4.0 6.4 14.5 + 6.4 12.6 11.6 25.9 34.5 41.1
Egg Viability (percent hatch) 52.0 46.7 44.0 41.4 65.6 44.9 35.7 55.6 45.2
Number of Viable Eggs (millions) 2.1 2.9 6.4 2.6 8.2 5.2 9.2 19.2 18.6
Shad Stocked
Fry (up to 1") 518,000 968,901 2,124,100 629,500 3,526,275 2,029,650 5,018,800 4,047,610 11,995,690
Fingerling (1" and larger) 266,000 34,509 6,379 34,087 5,150 23,620 40,700 98,301 3n,50n
TOTAL 784,250 1,003,410 2,130,379 663,587 3,531,325 2,053,270 5,059,500 4,145,910 12,026,191
Percent of Eggs Received which 19.4 15.9 14.0 10.4 28.3 17.7 19.6 12.0 29.3
were eventually stocked
Percent of Viable Eggs which 37.3 34.2 33.0 25.1 43.1 39.3 54.8 21.6 72.8%

were eventually stocked

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

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



Recommendations for 1985

2.

Culture of 10 million 18-day old American shad
followed by direct planting into the Juniata River as
river conditions become suitable. To attain this
goal, 30 million viable eggs should be provided. The
Van Dyke Station can handle 8 million eggs per week.
Culture of 100,000 fingerlings (1 inch or larger)
using the canal-pond at Thompsontown Access Area and
the Benner Spring Complex.

To facilitate high larval production such as that of

1984 and to reduce the recurrence of the high larval

mortality experienced in 1983, the following facility

improvements are necessary:

a) Vacuum degasser which can reduce total dissolved
gases to 100 percent for a flow of 80 gal/min. The
present degassing system can only reduce total
dissolved gases below 102 percent at a flow of
approximately 35 gal/min when heating water
(generally April and May). To maintain the entire
facility early in the season, a minimum flow of 50
gal/min should be available at 100 percent
saturation.

b) Supplemental water supply of 30 to 40 gal/min
filtered river water (2 swimming pool sand filters
are available) pumped to the warming pond and/or
building. The quantity of water available is
adequate for the present facility, but offers no
flexability for increased number of rearing tanks.

Moreover, the water quality is suspect, and
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c)

d)

supplemental flow with higher pH and alkalinity
would be advantageous. Another additional benefit
might be realized, viz., the river water may
provide for a warmer water supply and result in
cost savings to our heating bill (we heat water
during the springtime).

Ultraviolet light treatment unit that can handle 80
gal/min with easy maintenance (removable cover for
cleaning). The present units restrict total
hatchery flow to 50 gal/min and require a great
deal of maintenance. The production effort during
the receipt of Columbia River eggs requires more
water and therefore the use of ultraviolet
treatment is necessarily discontinued. A new unit
should be designed to handle the higher flow and
require less time to maintain.

Installation of 18 tanks and appropriate shelter,
wiring, plumbing and platform. The early release
of fry was a major problem in 1984 when more than
half (55 percent) of the fry had to be released at
less than 18 days of age because of inadequate tank
space. The existing Van Dyke building could
accommodate six additional tanks which would

reduce, but not eliminate the problem.
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e) Brine shrimp incubation room with heat, water and
electric (possibly an extension to the furnace
room). In 1984, it was possible to meet the demand
for feed only through the use of two experimental
units, each with a 200 liter (50 gallon) capacity.
A more permanent situation is needed.

f) Twenty larval feeders. Studies in 1984 showed a
definite increase in survival (85 percent survival
for test units) when the feeding regime was
supplemented with a dry, larval diet. The dry,
larval feed should be presented at a production
level.

Continue testing procedures for the administration of

oxytetracycline to mark fish; attempt to mark all

production fish; determine the extent of tagged fish
in samples collected during the evaluation of American
shad stockings. Tagged hatchery stocks would permit
an evaluation of the contribution of hatchery shad to
the out-migration on the lower Susquehanna River and
possibly the eventual return of adults.

Continue research into larval and fingerling culture

techniques. Research in culture techniques, larval

development, feeding techniques and feeding regime
have resulted in the continual increase in larval
survival to a high of 73 percent in 1984. 1In

addition, research in 1984 indicated that an increase
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in survival of 10 to 15 percent could be achieved
through the addition of a dry, larval diet.

A piped or pumped water supply to the effluent head of
the canal-pond. A "warm" water (river) supply is
generally needed during stocking of the canal-pond.
Use of river water from the discharge at the influent
end of the pond results in muddy water and the
upstream movement of fish back into the pond.
Therefore, a new line and discharge pipe are required
at the effluent end.

Continue imprinting efforts at Van Dyke using
phenethyl alcohol, and coordinate the dispensing of
this chemical attractant at the Conowingo fish
collection facility (provide pump, chemical,

expertise).
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JOB IV. JUVENILE SHAD OUTMIGRATION ASSESSMENT

Richard St. Pierre Leroy Young
U.S. Fish and Wildlife Service PA Fish Commission
Harrisburg, PA Bellefonte, PA
and

Joseph Nack
National Environmental Serv.
Lancaster, PA

INTRODUCTION

In prior years, juvenile shad assessment was largely qualitative and
involved determining if shad were present at various locations during
the outmigration season. In 1984, the SRAFRC work plan required that
the assessment be designed to provide an index of abundance of young
shad for future year comparisons. Leroy Young of the PFC reviewed
past experience on the Susquehanna and evaluation programs on other
northeast shad rivers in preparation of the study plan which was approved
by the Technical Committee. The study was broken into several river

segments with the following stated objectives:

- Confirm natural reproduction of transplanted adult shad

- Develop relative abundance index for the mainstem Susquehanna
above Clarks Ferry

- Develop relative abundance index for the hatchery produced stock
component in the Juniata River

- Track downstream movement of juvenile shad through hydroprojects

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

- Experiment with means to enhance downstream survival of shad

Information being sought in this evaluation is essential for monitoring

success of the restoration effort. In past years juveniles were
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collected at numerous locations from Conowingo Pool to Tunkhannock, PA.
Yet very few shad have been taken below Conowingo Dam. To improve
the Tower river assessment the Maryland DNR increased netting activity

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

EVALUATION OF SPAWNING SUCCESS OF ADULT SHAD AND UPSTREAM INDEX

NES and PFC biologists worked together in this netting activity in the
mainstem Susquehanna above Clarks Ferry. Penn State Coop Unit personnel
also assisted on one sampling day. Biologists from Ichthyological
Associates in Berwick examined intake screens at Susquehanna SES (PP&L)
and plant staff from UGI monitored the screens at Hunlock Creek SES for

impinged shad.

The juvenile assessment plan called for sampling the Falls to Wilkes-
Barre area up to 4 times between mid-August and mid-September in an effort
to document reproduction of shad. Reconnaissance sampling in the river
reach from Sunbury to Millersburg was scheduled for mid-Auqust, followed
by weekly sampling at two or more select sites until fish Teft the area.

This area was to be used for development of the relative abundance index.

Sampling Schedule and Methods

The principal gear used for sampling the river above Clarks Ferry was a
haul seine measuring 300-ft. x 8-ft. with %-in. mesh. A smaller net
measuring 150-ft. x 6-ft. was employed at select sites as needed. PSU

personnel attempted electroshocking for shad at two North Branch Tocations.
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Sampling in the Falls to Wilkes-Barre area began on August 22 and continued
biweekly through September 19. Seine sites were those which had produced
shad in prior years. At Falls, three sites upstream from the PFC West
Falls Access Area were netted during late afternoon hours on 2 occasions.
Two sites at Coxton Yards were sampled during late afternoon and evening
on 3 dates. Sampling was conducted at 9 different sites at Wilkes-Barre
during morning hours on 3 dates. Electrofishing was attempted at Falls

and Coxton Yards on September 4.

An initial attempt at reconnaissance sampling below Sunbury on August 16
was abandoned due to very high river flows. Relative abundance sampling
was shifted to above Sunbury to increase gear effectiveness in the
narrower stretch of river. Seining was conducted at Danville on August
28-29 and September 11 and 25; Bloomsburg on August 29; and, Berwick on
September 11. Further attempts to collect shad downstream from the
confluence of the West Branch occurred on September 10 and 25. Twenty-
five sites were sampled with seines between the PFC Mahantango Access

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

Intake screens at Susquehanna SES were surveyed daily between September 4
and October 12, and those at Hunlock were checked daily from August 24
to October 12. Routine plart maintenance at both projects conflicted with

the survey during the sampling period.

Results of North Branch and Mainstem Sampling

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

separate sites over a 95 mile stretch of river (Table 4.1, Figure 4.1).
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No American shad were collected with nets, electrofishina gear or on
power plant intake screens. HNumerous other species were collected at
all sites including smallmouth and rock bass, bluegilland redbreast
sunfish, crappie, perch, walleye, musky, pickeral, carp, shiners,
quillback, white suckers, catfish and gizzard shad. With no American
shad in collections, day versus night sampling effectiveness could not

be analyzed.

In reconnaissance efforts below Berwick most areas were uniformly shallow
and very rocky, and therefore extremely difficult or impossible to

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

for future index sampling. These were located downstream of Danville
Boat Club and below Sunbury. In addition, 2 sites at Coxton Yards

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

sites.

River flows during the summer of 1984 were considerably higher than
normal. This could have adversely affected larval survival or pre-
maturely pushed juveniles downstream below the sampling areas. Similar
conditions in 1982 were suggested as the reason for failing to take

any juvenile shad in the North Branch that year.

EVALUATION OF HATCHERY STOCKED SHAD IN THE JUNIATA RIVER

As in the mainstem, this was a cooperative effort between NES and PFC.
On occasion, personnel from the PSU Coop Fish and Wildlife Research Unit

and USFWS assisted. Past year efforts in the Juniata indicated that
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a single site at Amity Hall near the river mouth was best suited to
collection of shad during late summer. The Job IV study plan called
for biweekly seine sampling at this site from mid-August until shad
were no longer available for capture. The goal in 1984 was to establish
a baseline index of abundance. As noted in Job III, a record 12 million

shad fry were stocked in the Juniata River in 1984.

Sampling Schedule and Methods

Gear used on the lower Juniata was a beach seine measuring 150-ft. x
6-ft. with %-in. mesh bag. To standardize effort, only one site was
sampled, beginning 30 minutes after sunrise with successive hauls at
30 minute intervals. Three to 5 hauls were made each sample day begin-

ning August 17 and continuing through November 7.

Subsamples of 20 shad from each haul were measured for total and fork
length and were examined for physical deformities. Any remaining fish
were counted and either released alive below the seine site or preserved
for experimental purposes. The Penn State Coop Unit and Maryland DNR

both requested shad samples for studies.

Results of Juniata Sampling

SRAFRC biologists collected almost 1,300 shad on 6 sample days between
Auqust 17 and October 23. Shad were taken in every seine haul during
this period. A final collection was made on November 7, but with water
temperature declining by 17°F during the previous 2 weeks, no shad were

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

in meristic count studies.

Many shad were available for capture during this survey particularly
between mid-September and mid-October. Individual hauls of over 100
shad were made on all 3 sample dates during this period. Many hauls
were comprised exclusively of American shad. Other fish in collections
at Amity Hall included rock bass and smallmouth bass, several sunfish
species, carp and shiners, crappie, suckers and gizzard shad. Three
deformed American shad were recorded, one each with a short gill cover,
deformed lower jaw, and crooked back. Shad ranged in length from

25mm to 133mm (FL).

Figure 4.2 shows daily river flow on the Juniata River as measured at
the USGS gauge at Newport and catch per unit effort of shad at Amity
Hall. Largest collections were made when river flows were relatively

Tow (€1,300 cfs) and water temperatures high (57-72"F).

EVALUATION OF DOWNSTREAM MIGRATION THROUGH HYDROELECTRIC PROJECTS

This phase of the assessment program is important to determine if shad
from upstream sources are successfully passing through hydroelectric
projects on their way to the Chesapeake Bay. Hatchery and naturally
produced shad cannot be differentiated and fish collected in the Tower

Susquehanna are attributed to both sources.

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

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

using seines and electrofishing gear; RMC surveyed the intake screens

at Peach Bottom Atomic Power Station and the Conowingo Dam strainers;
and Safe Harbor personnel sampled the cooling water strainers at

that project. Maryland DNR biologists further intensified their efforts
to collect shad below Conowingo and drew funding assistance from the

agreement with upstream licensees.

Sampling Schedule and Methods in the Lower Susquehanna

Three Mile Island

EA biologists sampled for shad in the vicinity of TMI as part of their
routine studies for the nuclear plant. Efforts included electrofishing
at 6 sites on September 4, 20, and 27, October 11 and November 8. Beach
seines were used at 6 stations (10 hauls/station) on September 12 and

26, October 11, and November 8.

York Haven

NES and PFC sampled here on August 22 with cast nets in response to
reports that shad were dimpling in the vicinity. Weekly assessment
began on September 26 and continued through November 14. Various areas
in front of trash racks were sampled with 20-ft. diameter cast nets

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

Efforts were standardized by starting collections at approximately

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

of the net with the gear being allowed to descend the full length of
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the hand rope. An experimental 1ift net measuring 8-ft x 8-ft with
L-in. mesh was fished from a portable boom off the forebay walkway
on 5 different days (October 10 - November 8). Various sites were

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

Safe Harbor

Net sampling began here on October 5 and continued weekly through
November 28. Cast nets were the primary gear and they were fished in
the trash gatewell inside the forebay and on both side of the forebay
skimmer wall within 100-ft. of the dam. The 1ift net was used experi-
mentally on 2 occasions in the same locations. An experimental push
net measuring 30-ft long by 14-ft wide with %-in mesh was deployed

on one occasion inside the trash gatewell. Sampling began in early
morning hours on most days since this practice proved effective in
past years. However, some sampling was attempted in mid-morning and

on one occasion, durinag evening hours.

RMC sampled outside the skimmer wall with a 200-ft x 35-ft x 3/4-in mesh
seine on November 15. Sets were made in late afternoon and at night in
an attempt to collect Tive shad for radiotelemetry experiments. Safe
Harbor personnel checked cooling water intake strainers daily from

August 28 through December 12.

Hol twood
Sampling here began on October 11 and continued weekly through November
28. Cast nets were the primary gear used and they were fished from a

platform in the forebay. The 1ift net was used on 2 occasions and the



push net once. A1l sampling was conducted here during mid- to late
morning, depending on when collections were concluded at Safe Harbor.
On 2 occasions RMC personnel set floating trap nets in the forebay at

Holtwood to collect live shad for experimental work.

Peach Bottom and Conowingo

As in past years, RMC sampled the cooling water intake screens at PBAPS
three days each week from October 15 through December 14, They also
routinely examined strainers at Conowingo Dam during autumn through

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

Lower River and Flats

Maryland DNR continued their regular upper Bay tidal fish juvenile
sampling program during July - October. Starting the first week in
November, DNR initiated efforts in the lower river and Susquehanna Flats
to catch outmigrant American shad. This survey occurred weekly through
the second week of December and involved multiple gears at 14 stations.
Purpose of this work is to document outmigration of juvenile shad from

the river and to establish a baseline index of abundance.

Gear used by the DNR in 1984 included a 16-ft otter trawl with %-in
mesh cod; a 5-ft x 5-ft midwater trawl with %-in mesh; and a haul seine
measuring 200-ft x 10-ft with %-in mesh. Gill nets as used in previous
years were not deployed. Single samples were taken at each site weekly
using the gear most applicable. Collecting locations and gears are

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

TMI and York Haven

Ecological Analysts collected 2 American shad near TMI using electro-
fishing gear. Surface dimpling usually indicative of the presence of

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

Reports were received in late July that shad were seen at Wrightsville
(Route 30 bridge). Ten cast net throws on August 22 at York Haven project

failed to verify early outmigration, but RMC biologists did collect

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

was sampled unsuccessfully on three more occasions before shad were first
taken there on October 17. From that date through November 14, a total
of 76 American shad were collected on five dates. The 1ift net caught
only 2 shad in 15 sets and it was not possible to fish this gear in

front of trash racks where shad were most abundant. The push net was
ineffective. Shad collected at York Haven ranged in size from 85 - 165mm

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

Safe Harbor

Only 24 shad were collected by PFC/NES at Safe Harbor on 9 sampling dates
between October 5 and November 28. In 1983, 283 shad were taken in 8 trips.
A11 24 fish were taken with cast nets in early November (Table 4.4), and
fish ranged in length from 92mm to 173mm. By contrast, shad collections

on strainers at Safe Harbor were considerably greater than past years

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

ranged in length from 88-178mm with the majority of fish being large.
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Units 2 and 3 accounted for most of the shad at Safe Harbor, and just
as in 1983, most fish were collected between November 10-18 at water

temperatures of 42-51°F (Table 4.5).

RMC took 48 shad at Safe Harbor with their 200-ft seine on November 15
during late afternoon and late night hours. Dimpling was first noticed
at this project on November 1 with none observed after November 9. River

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

Holtwood

A total of 203 American shad were collected at Holtwood forebay on 5
sampling occasions between October 11 and November 28. All but 31 of the
fish were taken with cast nets and 92% of the total were collected on

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

RMC captured 3 shad with their floating trap net on November 21 and 2 shad
on November 28. Very few gizzard shad were observed compared to prior
years, indicating a poor hatch for the species in the Tower river. Other
species taken in net collections at Holtwood included channel catfish,

striper hybrids, and shiners.

Peach Bottom, Conowingo Dam and Lower River

No shad were collected at PBAPS between October 15 and November 12. From
November 14th to the 26th, 38 shad ranging in length from 111 to 175mm
were taken from the screen wash samples and none were taken after that

period. This is very similar to the 1983 collection at Peach Bottom
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when 22 of 31 shad were taken during the same dates. Three shad were collected
from the Conowingo Dam strainers during the week of December 5, the only American

shad collected here in 1984.

In the lower river and Susquehanna Flats, the Maryland DNR made a total of 25
seine pulls, 12 otter trawl runs, and 39 midwater trawl runs during the 5 weeks
of effort (Tables 4.7 and 4.8). This sampling accounted for 2,670 fish repre-
senting 28 species. Gizzard shad (1077), spottail shiner (699), bay anchovy
(350), silvery minnow (129), yellow perch (107), and white perch (96) made up
92% of the total catch. A single juvenile American shad (FL=150mm) was captured

at the Happy Valley Branch seine site on November 28.

BISCUSSION

Since no shad were collected in the North Branch or mainstem Susquehaﬁna
above Clarks Ferry in 1984, the objectives of confirming natural repro-
duction and developing a baseline abundance index were not met. A similar
situation occurred in 1982 when young shad were not captured following
stocking of 3,463 adults at Owego, NY and Tunkhannock, PA. River flows
were unusually high durina May through August in the Susquehanna and it

is possible that reproduction occurred but that proaeny were pushed down-
stream earlier than normal. High flows and cooler water temperature in
late spring may have_resulted in excessive egg and larval mortality.
Abiotic factors have been cited as the major cause of prerecruit mortality
of American shad in the Connecticut River (Crecco and Savoy, 1934). Finally,
the lack of shad in collections may reflect minimal reproduction due to
excessive female mortality during transportation, or the paucity of
females transferred. Table 1.4 showed that females comprised only 26%

of observed mortalities. If this reflects their relative abundance in
Hudson River collections. and with 207 overall trucking mortality, then
less than 1,000 of the total adults transferred in 1984 would be surviving

females. If female mortality rate is higher than that of males as indicated
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in past analysis with Connecticut River fish, then total reproduction
from survivors may have been too small to document with the level of effort

expended.

Personnel in charge of field operations in the upper river believe that
the 300-ft seine is an effective collecting gear and they have identified
four sites for future index sampling. These are located at Coxton Yards,
Wilkes-Barre, Danville, and Sunbury. Efforts will be concentrated at

these sites in future years.

As in past years the Amity Hall site on the lower Juniata River was pro-
ductive in collecting outmigrant fingerlings of hatchery origin. With
1,295 shad collected here on 6 sample dates in 1984, we may have sufficient
data to make comparisons in future years. However, high variability in
numbers of shad collected between hauls on the same day may pose problems
in statistical interpretation. More frequent sampling at this site may

be desirable.

In the lower river forebays, the cast net proved far superior to experi-
mental 1ift and push nets. This was especially evident at Holtwood where
the largest numbers of shad were collected. A good comparison could be
made here between the cast net and 1ift net because shad were present in
large numbers and both nets could be fished in the same location. On
November 15, 157 shad were collected in three samples with the cast net,
while just 31 shad were taken on the same day in six samples with the 1ift
net. The push net proved too unwielding at all three sites and was virtu-

ally impossible to use with even minimal current.
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One way to standardize the cast net sampling would be to restrict the
index to only those samples in which the cast net had opened to at least
70% of its maximum diameter. This determination would be somewhat sub-
jective, but variability between samples would probably be about the
same as with other active sampling devices such as seines and trawls.
Other major hindrances to development of abundance indices at lower
river hydroprojects include variations in flow conditions and subsequent
operating regimes at each power facility, and perhaps weather conditions.
At York Haven for example, the number of turbines generating and their
location had a profound effect on the location of shad in the forebay.
Abundance of shad would be similarly affected as greater flow through

the turbines would result in fewer fish available as compared to minimum
flow conditions. Spilling at the trash gate would also affect the number

of fish available, further biasing estimates of abundance.

Weather conditions may also affect sampling efficiency, especially at

Safe Harbor Dam. Shad were taken there on only 2 sampling dates in 1984
using cast nets, but many more shad were collected in the project cooling
water strainers. On several days when no shad were taken with nets,
strainer catch was at a peak. On these days high wind and turbulence on
both sides of the skimmer wall was noted. It is not known if these condi-
tions served to drive the fish deeper out of the reach of the cast net,
but this is a possibility. These sources of variability should be

addressed in planning future year sampling activities.

Early morning sampling seems a necessity at York Haven Dam. Catch success

decreases here as more generation comes on line. Time of day does not
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appear to be critical in sampling at Safe Harbor or Holtwood. Fish were
easily collected in 1983 during mid-morning at Safe Harbor. On the one
day this year when appreciable numbers were taken, the early morning
(predawn) sampling did not show any clear superiority to samples taken
later that morning. Collecting shad at Holtwood has always been success-

ful regardless of the time of day.

Although the 1ift net was not a good device for index sampling it did
show some merit for the live capture of outmigrant juvenile shad, part-
icularly at Holtwood. Almost no abrasion of fish on the net was observed
and fish could be water-brailed to further reduce stress. This method
should be considered for use where 1live shad are needed for experimental

purposes.

The 415 shad collected with nets and on strainers at York Haven, Safe
Harbor and Holtwood in 1984 is considerably fewer than were taken in

1983 (701). This may be partially explained by unusual weather conditions
resulting in very mild water temperatures through October followed by
rapid decreases into mid-November. Water temperature fell from 64°F on
November 2 to 38°F on the 25th. It is likely that the entire lower

river migration occurred over a very short period of time and the weekly

sampling schedule was insufficient to adequately quantify the movement.
Researchers working on the lower river in 1984 were impressed with the

size of American shad in collections. In past years shad ranged in Tenath

from 90-150mm and averaged about 125mm in late October and early November.
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This year, numerous fish were measured in the 150-180mm size range and
the mean length of shad in Safe Harbor strainer collections was 142mm
(n=111). This average increase in size noted may be directly related to
the poor gizzard shad year class and associated lack of competition for

food from this species.

As in past years, collections of juvenile shad below Holtwood were
disappointing. The 38 shad taken on the intake screens at Peach Bottom
compare favorably to 1983 results but remain considerably below what
was taken there in 1982. However, one of the two Peach Bottom reactors
was shut down during this year's migration season. With a total of only
4 shad taken at Conowingo Dam and in the lTower river below Conowingo in
1984, we must once again speculate that few shad are reaching the
Chesapeake on their seaward migration. The major emphasis in the
Susquehanna program during the next several years should be to increase

survival of young shad emigrating from the river.
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Table 4.1 Juvenile American shad collections in the mainstem
Susquehanna River above Clarks Ferry, August 22 - Sept. 25.

Date Location # Am. shad Effort* Time of Day Water T.
8/22 Coxton/Pittston 0 4 hauls 1900~-2045 71 F
Falls 0 1 haul 1600 72 F
8/23 Wilkes-Barre 0 5 hauls 0800-1220 -
8/28 Danville 0 6 hauls 1400-1730 76 F
8/29 Danville 0 5 hauls 0845-1200 74 F
Bloomsburg 0 2 hauls 1410-1600 74 F
9/4 Falls 0 3 hauls 1600-1700 72 F
1 hr. electrofish
Coxton Yards 0 4 hauls 1900-2030 69 F
1 hr. electrofish
9/5 Wilkes-Barre 0 6 hauls 0800-1100 -
9/10 Mahantango 0 4 hauls 1130-1330 70 F
Sunbury 0 5 hauls 1545-1800 73 F
9/11 Danville 0 2 hauls 0745-0820 T F
Berwick 0 2 hauls 1145-1300 -
9/18 Coxton Yards 0 8 hauls 1720-2045 66 F
9/19 Wilkes-Barre 0 6 hauls 0830-1045 62 F
9/25 Sunbury 0 4 hauls 1720-1900 72 F
Danville 0 2 hauls 2115-2145 72 F

* Gear used was 300'x8'x3/8" mesh haul seine except for 8 hauls
with the 150'x6"'x}s' mesh bag seine
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Table 4.2 Juvenile American shad collections in the Juniata

River at Amity Hall, August-November, 1984,

Date No. Shad L':ﬁ;gh Lg‘r?;‘: Effort CPUE (Fc‘fs"‘) ”Tae‘;:p‘”
8/17 31 66 25-104 5 6.2 5,790 73
8/28 26 68 33-107 4 6.5 1,510 72
9/10 576 61 44-82 3 192.0 1,110 68
9/25 299 83 60-133 3 99.7 830 72
10/9 296 91 54-119 3 98.7 830 57
10/23 67 93 63-130 4 16.8 1,190 63
11/7 0 . e 3 0.0 = 46

Gear used was 150' x 6' x %" mesh bag seine

A11 collections were made between 0620-0845 hrs.



Table 4.3 Summary of juvenile American shad collections
at York Haven Dam during autumn, 1984.

Mean Length . Water
Date No. Shad Length Range Effort Time Temp.
8/22 0 - - 10 CN 0745-0845 68
9/26 0 - - 8 CN
1 PN 0715-0815 73
10/3 0 - - 2 CN 0645-0715 65
10/10 0 - - 6 CN
1 LN 0730-1000 58
10/25 21 115 85-132 z E: 0705-0840 59
4 LN
11/14 2 150 150 11 CN 0630-0720 40

Table 4.4 Summary of juvenile American shad collections
at Safe Harbor Dam with nets during autumn, 1984
Note: Headings are the same as in Table 4.3.

10/5 0 T 3 2PN 07151030 61
3 LN
10/11 0 - = 8 CN  0640-0745 63
10/18 0 . - 7CN  0720-0820 63
10/26 0 . . BCN  0645-0755 65
11/1 2 145  140-149 9 CN  0555-0700 63
11/9 22 131 92-173 12 X8 0600-0910 53
11/14 0 5 2 13 CN  1630-1740 48
11/20 0 < - 9 CN  0830-0915 42
11/28 0 : - 10 CN  0850-0925 40

CN = cast net; LN = 1ift net; PN = push net
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Table 4.5 Summary of American shad collections on cooling
water strainers at Safe Harbor Dam, 1984.

Mean Length Collecting Water

Date No. Shad Length Range Unit Temp. Flow
9/22 1 122 122 - 69 7600

9/23-11/2 0 2 . : . <
11/3 4 142 88-165 2,4 59 7800
11/4 2 - a07  305-110 2 62 8100
11/5 0 - - & 61 9700
11/6 2 142 130-155 5 58 9700
11/7 1 122 122 2 56 9400
11/8 1 158 158 2 54 9600
11/9 4 133 112-155 2,3 53 12600
11/10 13 130  105-178 1:2,% 51 13500
11/11 0 » 2 T 51 13600
11/12 22 139  103-170 1 thru7 50 12700
11/13 10 151  136-170  2,3,5,7 48 13300
11/14 1 171 171 3 48 18000
11/15 10 140  104-168 2,5,7 47 17600
11/16 22 147  105-164 3 46 16800
11/17 5 165  145-176 3 42 15300
11/18 6 149 138-167 2 43 14600
11/19 2 150  140-160 2 44 13700
11/20 2 157  157-158 2 42 13300
11/21 2 164  156-173 2 41 11800
11/22-25 0 : - & 2 “
11/26 1 140 140 5 38 10100
11/28 1 : 2 5 40 10200

11/29-12/14 0 5 : - u -

total 112
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Table 4.6 Summary of American shad collections

at Holtwood Dam during autumn 1984.

Mean Length : Water
Date No. Shad Length Range Effort Time Temp.
4 CN
10/11 0 - - 2 LN 0915-1100 63
1 PN
11/9 6 123 86-167 7 CN  1115-1155 56
* 3 CN
11/15 188 118 85-170 6 LN 0850-1050 46
11/20 9 109 80-146 3 CN 1130-1150 41
11/28 0 - - 6 CN 1100-1120 40
CN = cast net; LN = 1ift net; PN = push net

* 157 shad with CN and 31 with LN



Table 4.7 Locations sampled and effort by gear durinag the 1984
Maryland DNR juvenile shad outmigration study.

Gear Type

Station No.

Effort

Station Name

Haul Seine

Otter Trawl

Midwater Trawl

= I~ " U =

= xg
W ©

o U

HOOOONNOYWU & WM -

f—t et

B I = =) W bonos

BWAD LSS WWN

Wild Duck Cove
Spoil Island
Tydings Park
Quarry

Lapidum

Happy Valley Branch

Wild Duck Cove
Battery Island
Tydings Park

Tydings Park
Concord Lt-Perry Pt.
Penn Central RR Bridge
Garret Is.-Cecil West
Garret Is.-Cecil East
" -Harford East
" -Harford West
[-95 Bridge
Port Deposit
Port Deposit-Lapidum
Lapidum

Table 4.8 Sample clates by gear type and water temperatures during the
Maryland DNR juvenile shad outmigration study - 1984.

Date Seine MW Trawl Otter Temperature
Trawl Range (F)
November 5 X 55-61
November 6 X 56-62
November 9 X 54-57
November 15 X X 50-53
November 16 X 50
November 19 X 45-48
November 20 X 45-48
November 21 X 42-45
November 26 X 39-43
November 28 X 44-48
November 29 X 44-45
November 30 X X 44-45
December 5 X 42-43
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Figure 4.1 Juvenile shad collecting
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FIGURE 4,3 Sample sites by gear type for the 1984 Maryland
h DNR Outmigration Study.
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JOB V. AMERICAN SHAD CULTURAL RESEARCH
T. A. Wiggins, T. R. Bender, R. D. Lorson, and V. A. Mudrak
Pennsylvania Fish Commission
Bellefonte, PA

Food Deprivation
of Larval American Shad

The Van Dyke Research Station continued studies in 1984
which emphasized feeding and feeding regimes in early larvae.
Wiggins et al. (1985) demonstrated it was characteristic of
cultured American shad larvae during the transition from
endogenous to exogenous nutrition, to experience a period of
low feeding incidence paralleled by periods of slow growth and
high mortality. First-feeding herring larvae are particularly
sensitive to food deprivation (0'Connell and Raymond, 1970;
Houde 1977, 1978; Werner and Blaxter, 1980) and reach a point
where effects of starvation rapidly become irreversible
(Blaxter and Ehrlich 1974). A test was conducted, utilizing
larval shad, to determine the pattern of growth to be expected
solely as a result of endogenous nutrition, and to identify
the age where food deprival, after the absorption of yolk,

results in complete mortality.

Night Feeding of Cultured
American Shad Larvae
Diel variations in larval shad feeding intensity were also
found in 1983 studies. Since it is important that the
introduction of feed coincide with peaks in feeding intensity,
a test was conducted to determine the extent of feeding that

occurred at night.



Effects of Different Initial Feeding
Rates of Artemia Nauplii on the
Growth and Survival of
American Shad Larvae
As a greater understanding of feeding behavior in shad
larvae is gained, feeding regimes must be established. At the
present time, Artemia nauplii are an essential component of
the diet of larval shad in an intensive culture situation.
High mortality in early larvae was apparently the result of
unsuccessful feeding on Artemia nauplii. A test was conducted
to determine if larval mortality was the result of
insufficient quantities of nauplii fed; and if so, to
determine an optimum feeding rate of nauplii for survival and

growth of larval shad.

The Effects of Dry Diet on Growth and
Survival When Offered as a Feed
Supplement to Larval Shad
Al though feeding regimes which incorporated dry feeds were
unsuccessful in the past, two different larval diets were
tested in combination with Artemia nauplii to determine if
alternative feeding regimes could be developed which would

improve survival and growth.




Use of Oxytetracycline to Mark
Daily Otolith Rings of American Shad Fry
A need exists to be able to differentiate between
out-migrant juvenile shad resulting from the Van Dyke hatchery
effort and those resulting from the natural spawning of
translocated adults. This capability would make it possible
to determine the relative contribution of both methods to the
overall restoration effort. To that end, a project was
undertaken to determine if a distinguishable mark could be
applied to the daily otolith rings of American shad fry, using
oxytetracycline bath treatments, before they are stocked at

18-19 days of age.

Survival of Fry During Transport

Data will be presented which deal with the survival of fry
during transport (these were not collected for test
purposes). Presently, the only data available, relative to
mortality of shad larvae resulting from fish transfer, are
those collected when fish were brailed in small numbers for
experimental purposes. The work to be presented gives a more
accurate impression of larval mortality using typical

production procedures (handling large numbers of fish).
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Materials and Methods

The tests were conducted in 1200 liter circular fiberglass
rearing units with a diameter of 1.52 m (60 in.) at the top,
1.37 m (54 in.) at the bottom and a depth of .76 m (30 in.).

Estimates of the number of larvae hatched into each
rearing unit were obtained using a modification of von Bayer's
(1910) method of egg enumeration to determine the total number
of eggs (E), and the number of dead eggs (Eg). The number of
larvae (LV) hatched was then determined:

LV = E - Eg

Larval shad were initially stocked at a mean density of
208 fish/L (250,000 fish/tank) with fish densities ranging
from 158-270 fish/L.

Age specific survival rates through 18 days of age were
determined for each test unit as described by Wiggins et al.
(1985) .

Since hatch occurred over a 3 to 4 day period, a single
hatch date was assigned to each lot on the day the majority of
fry hatched (generally the 7th day of incubation at 15.6° C).
Feed was first presented to larvae at 4 days of age.

Sampling of 25 fish for incidence of feeding and growth
(total length 0.1 mm) was conducted from 4 to 18 days of age
at 2 day intervals. The samples were taken at 1400 hours to
allow feed to be present in the rearing unit for a period of 4

to 6 hours prior to sampling.
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Incidence of feeding (IF, %) was determined by:

IF = %@ (100) ;

Ni = T;tal number of larvae sampled on day (i);

Li = Number of larvae with feed in the gqut.

In addition, the number of nauplii in the gut of feeding
larvae was recorded.

Studies on initial feeding rates of Artemia nauplii and
the effects of dry diet as a feed supplement were run in

triplicate. Analysis of variance (Snedecor 1957) was computed

for growth.

Food Deprivation of

Larval American Shad

The successful culture of American shad larvae is
dependent on the successful transition from endogenous to
exogenous nutrition. Food deprival of larvae would
demonstrate patterns of growth to be expected solely due to
endogenous nutrition, and identify the point where food
deprival, after the absorption of yolk, results in complete
mortality.

A rearing unit was set up with approximately 2700 fish in
a manner typical of other rearing units except that no food
was presented to the fish. Mortalities were syphoned from the
rearing unit each day and hand counted. Complete mortality of
food deprived larval shad occurred in 16 days (post-hatch);
however, less than 1 percent of the fish survived through 14

days of age.



Samples of 14 to 25 fish were collected daily and measure
for total length until 12 days of age when there was no longe!
a sufficient number of fish to continue sampling (Table 5-1).
Larvae were 8.9 mm at hatch and increased in length to 10.2 m
at 12 days of age. Both growth and time of survival were
similar to results obtained by Wiggins et al. (1985). There
was a period of rapid growth, apparently due to endogenous
nutrition, followed by a period of slowing growth as the
necessity for exogenous nutrition increased (Figure 5.1).
Initial mortality was high inasmuch as 54 percent of the test
larvae died within 4 to 5 days following hatch. Time of
survival, less than 1 percent of the larvae survived through
14 days of age, corresponds to the age where mean age specific
survival reported by Wiggins et al. (1985) changed from a
mortality rate averaging 5.5 percent per day to less than 0.4
percent per day. The similarity of results makes it apparent
that there was a difficult transition to exogenous nutrition

which resulted in the starvation of many larvae.



Table 5.1. Mean total length of American shad larvae deprived
of food compared to values reported by Wiggins et al. (1985)
for larvae receiving 12 Artemia nauplii per fish daily (based
on initial tank density).

Total Length (mm))

Age (days) Food Deprived Larvaed Fed Larvaeb
0 8.9 8.7
1 9.1 8.8
2 9.4 9.1
3 9.7 9.2
4 9.6 9.5
5 9.7 9.7
6 9.8 10.2
7 9.9 10.2
8 9.8 10.3
9 10.0 10.4

10 9.9 10.0
11 10.2 10.6
12 10.2 10.1
13 10.2€ 10.1
14 10.4
15 10.2
16 10.8
17 10.8
18 10.8
21 10.5
25 121

4gample size ranged from 14 to 25 fish
bsample size 50 fish
CMeasurement of a single fish captured
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Length (mm)

Figure 5.1. Mean total length of American shad larvae totally
deprived of food (1984) compared to mean total length of fish
fed 12 Artemia nauplii per fish each day (the number of
nauplii based only on initial fish density) presented by
Wiggins et al. (1985).
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Night Feeding of Cultured

American Shad Larvae

Feeding at night as well as during the day has often been
recommended for larval fishes as it was assumed the fish had
little or no energy reserve (McHugh and Heidinger 1977). It
is, however, imperative that patterns of feeding be defined so
that the introduction of feed coincides with peaks in feeding
intensity (Corazza and Nickum 1983). Diel variations in
feeding intensity exist in early larvae (Rosenthal and Hempel,
1970; Levesque and Reed 1972; Wiggins et al. 1985)., Feed was
found in the gastrointestinal tract of shad larvae during the
night; however, the incidence of feeding, the percentage of
fish with feed in the gastrointestinal tract, declined through
the night. This test was designed to determine if feeding
occurs at night in 16 day old American shad larvae (16 days of
age was chosen to ensure that all fish were receiving
exogenous nutrition).

Fish used in the test were reared in a 1200 liter (317
gallon) circular unit at a density of 105 fish/liter. No feed
was presented to the fish 24 hours prior to the test. The
test was conducted at night, and a cover was placed over the
rearing unit to prevent the infiltration of light from outside
sources. Feeding was initated at 2200 hours when 2 liters of

Artemia suspension (270,000 Artemia/liter) were placed into



the rearing unit. Feed was then presented for 5 seconds every
5 minutes from two live food dispensers located on the rearing
unit. The total volume of Artemia suspension fed during the
test period was 6.7 liters. A sample of 50 fish was collected
at 0100 hours; measured for total length and examined for
incidence of feeding. Mean total length of the larval shad
was 10.9 mm (0.4 inches). There was a 0 percent incidence of
feeding on Artemia nauplii but 16 percent (8 fish) had Artemia
cysts in the gastrointestinal tract.

It appears that larval shad do not actively feed at
night. It is probable that cysts found in the gastrointes-
tinal tract were remnants of previous feedings, consumed
during the daylight hours prior to the test.

A new feeding regime utilized in 1984 reduced the hours of
feeding by discontinuing feeding at night. Artemia nauplii
are now presented at a higher density during the daylight
hours when utilization by larvae is more likely. The new
feeding regime reduced waste and it increased the amount of

feed available to the larvae.

5-10



Effects of Different Initial
Feeding Rates of Artemia Nauplii
on the Growth and Survival of
American Shad Larvae
The presence of adequate densities of suitable prey
organisms is of crucial importance to the survival of larval
fishes (Werner and Blaxter 1980). It has been shown that the
number of striped bass which survive to stockable size is
directly related to the quantity of Artemia cysts incubated to
feed larvae (Lewis and Heidinger, 1981). Although evidence
has been presented that, at least to some extent, cultured
American shad larvae are starving, the optimum quantities of
Artemia nauplii to feed were not known. The quantities of
Artemia nauplii necessary for other larval fish species vary
considerably. Using rate of digestion, Rosenthal and Hempel
(1970) estimated that early postlarval herring could digest
35-40 Artemia nauplii per day. Experimentally, Werner and
Blaxter (1980) determined threshold prey densities for larval
herring to be near 0.17 Artemia per ml, above which changes in
prey densities have little effect on survival or growth. In
contrast to this low prey density, it has been estimated that
early striped bass larvae must be initially fed at a rate of
50 to 60 nauplii per ml of rearing tank volume per day to 15
days of age. After 15 days of age, the density of nauplii is
increased to 100-120 per ml per day (Lewis and Heidinger
1981).
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This study was initiated to determine threshold feeding
rates for American shad larvae, using Artemia nauplii, below
which deleterious effects would occur, and above which would
result in little effect on survival and growth. Three feeding
rates were compared; 12, 18 and 24 Artemia nauplii per fish,
based on the initial stocked densities of fish in a tank.
Feeding rates for the study were chosen to bracket the feeding
rate used in 1984, 18 Artemia nauplii per fish, and include
the feeding rate used in 1983, 12 Artemia nauplii per fish.
Two live food dispensers, a modified version of a dispenser
developed by Theis and Howey (198l1), released a suspension of
newly hatched Sanders Artemia salina nauplii (after nauplii
were seperated from unhatched cysts) to each rearing unit for
5 seconds every 5 minutes, 8 to 12 hours each day. The volume
of the suspension fed daily was based on the initial stocked
density of a rearing unit; the feeding rate that unit was to
receive, and the density of the newly hatched nauplii.

Performance based on growth and survival was lowest for
larvae receiving 12 Artemia per fish. There was no
significant difference (P <0.05) in growth; however, percent
survival for this test group was also lowest with a mean of
65.9 percent (Table 5.2). Larvae receiving feed at a rate of

18 Artemia per fish had a mean length of 11.2 mm compared to
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Table 5-2. Summary of mean growth and survival of American
shad larvae to 18 days of age at initial daily feeding rates
of 12, 18 and 24 Artemia nauplii per fish (Van Dyke 1984).

_Feeding Rates
12 Artemia/ 18 Artemia/ 24 Artemia/
Fish Fish Fish
Length (mm) 11.1 11352 11.6
Survival (%) 65.9 77 .8 74.5
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11.6 mm for larvae fed at a rate of 24 Artemia nauplii per
fish.

The mean number of Artemia nauplii found in the
gastrointestinal tract of feeding fish was determined for the
test period at each feeding rate (Table 5-3) and appeared to
directly correlate with growth.

Survival, on the other hand, was highest at a feeding rate
of 18 Artemia nauplii per fish, 77.8 percent, as compared to
74.5 percent for the feeding rate of 24 Artemia nauplii per
fish. Detailed growth and survival data was provided in
Appendix A.

Feeding intensity, measured as the incidence of feeding
(Table 5-4), reflected the results obtained for survival with
the highest incidence of feeding generally occurring in fish
receiving 18 Artemia nauplii per fish and lowest where fish
receiveé 12 Artemia nauplii per fish.

The study demonstrated that a feeding rate of 12 Artemia
nauplii per fish did not perform as well as higher feeding
rates. The results of the two higher feeding rates were
mixed. The difference in growth was considered insignificant;
therefore, the data suggests the feeding rate of 18 Artemia
per fish (highest survival), the feeding rate used for

production in 1984, was the optimum rate tested.



Table 5-3. Mean number of Artemia nauplii found in the
gastrointestinal tract of feeding larvae through 18 days of
age for initial feeding rates of 12, 18 or 24 Artemia nauplii
per fish per 24 hour period (Van Dyke Station, 1984).

—___Mean Number of Artemia Nauplii
Age (days) 12 Artemia/Fish 18 Artemia/Fish 24 Artemia/Fish

4 2 2 3
6 3 3 3
8 3 3 3
10 3 2 4
12 2 3 2
14 3 3 4
16 2 3 3
18 4 4 4

Mean number

of Artemia

found in the

gastrointes-

tinal tract

per day from

4-18 days 2.8 2.9 3.3




Table 5-4. The mean incidence of feeding for three trials
through 18 days of age for larvae initially fed at a rate of
12, 18 or 24 Artemia nauplii per fish per 24 hour period (Van
Dyke Research Station, 1984).

Incidence of Feeding (%)

Age (days) 12 Artemia/Fish 18 Artemia/Fish 24 Artemia/Fish

4 < 3 53 48
6 Bl 60 60
8 57 80 75
10 77 88 93
12 84 91 89
14 92 98 96
16 90 94 94
18 94 92 92
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The Effects of Dry Diets, on Growth and Survival
When Offered as a Feed Supplement

to Larval American Shad

At the present time, Artemia nauplii are an essential
component of the diet for larval American shad. Past attempts
failed to sustain larvae solely on dry feeds or a slurry made
from the mash (1978 Annual Report). The major problem when
using dry diets to feed many larval species is little
acceptance of the diet (Nickum 1978, Lewis and Heidinger
1981).

This study had several objectives: 1) to determine if,
and possibly when, early postlarval American shad (to 18 days
of age) would accept a dry larval feed; 2) if accepted, were
the dry diets, when fed in combination with Artemia nauplii,
beneficial to survival and/or growth through the transition
from endogenous to exogenous nutrition; and 3) to compare two
tarval diets. Three daily feeding regimes compared were 12
Artemia nauplii per fish fed in combination with milled
Artemia flakes (12A + AF); 12 Artemia nauplii per fish fed in
combination with Larval AP-100 diet (12 A & AP-100); and a
typical production diet of 18 Artemia nauplii per fish (18A).

The milled Artemia flakes were supplied by Bio-Marine,
Inc. Aquafauna (Hawthorne, California), the larval diet AP-100
manufactured by Ziegler Brothers, Inc. (Gardners,
Pennsylvania) and the Artemia cysts purchased from Sanders

Brine Shrimp Company (Ogden, Utah). The quantity of the dry
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larval diets fed was a mass equal to twice that of an
equivalent mass of 6 live Artemia nauplii per fish (the
manufacturer of the AP-100 recommended the mass of larval diet
be equivalent to twice the live mass of Artemia nauplii
supplemented). Larval diet was dispensed from a single
vibrator type feeder (model AF6, Sweeney Enterprises, Inc.)
while the Artemia suspension was released from two live food
dispensers for 5 seconds, every 5 minutes, 8 to 12 hours each
day. The volume or mass of feed was based on the initial

stocked density of a rearing unit, the feeding rate that unit

was to receive; and the density of the newly hatched nauplii.

The milled Artemia flakes were provided in four sizes:
150 micron; <220 micron; <400 micron; and <800 micron. The
larval diet AP-100 was provided in five sizes; however, only
the three smallest sizes of AP-100; 150 micron, 200 micron and
250 micron, were used during the study. The different sizes
of each diet were distributed as evenly and comparably as
possible during the study.

The dry diets were first presented to larvae 4 days of
age. First feeding larval shad, mean total length of 10.4 mm
(0.4 in.), would accept a dry larval diet (150 micron).
Incidence of feeding on the dry diet was 5 percent for the
fish in rearing units receiving Artemia flakes and 19 percent
for fish receiving the AP-100 (Table 5-5). The highest
incidence of feeding on Artemia flakes was noted for larvae 8
days of age when 33 percent of the sampled fish had fed. For

AP-100, the incidence of feeding continued to increase until




Table 5-5. Mean incidence of feeding for larvae with dry diet
in the gastrointestinal tract through 16 days of age offered

12 Artemia nauplii per fish supplemented with either Artemia
flakes or larval diet AP-100.

—Mean Incidence of Feeding (%)

Age (days) Artemia Flakes AD-100N
4 5 19
6 24 52
8 33 65
10 27 80
12 15 80
14 24 51
16 12 45




10 days of age when 80 percent of the larvae had fed on the
dry diet. There was an apparent decline in the incidence of
feeding on AP-100 following day 12, which coincidled with a
change to the largest particle size (250 micron) offered
during the study.

There were no apparent differences in the initial
incidence of feeding when comparing the average of the two
feeding regimes supplemented with dry diet, 12 A + AF and 12 A
+ AP-100 (22 percent) to the control diet of 18A (25
percent). Subsequent increases in the incidence of feeding
through 12 days of age were similar for the 12A + AP-100 and
the 18A. Throughout the study, the incidence of feeding was
lowest for the 12A + AF diet (Table 5-6).

There were no significant differences in growth among
diets; however, the greatest growth was demonstrated in the
12A + AP-100 feeding regime (Table 5-7).

Hatchery survivals throughout the study were low (53
percent) and were reflected in the 47 percent mean survival
obtained in controls receiving the 18A feeding regime. The
feeding regimes 12A + AF and 12A + AP-100 had much higher mean
survival rates, (66 and 84 percent respectively) than the
vwontrols (Table 5-7 and Figure 5-2). Detailed growth and

survival data are presented in Appendix B.
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Table 5-6. Mean incidence of feeding for larvae offered 18
Artemia nauplii per fish, 12 Artemia nauplii per fish
supplemented with Artemia flakes, and 12 Artemia nauplii per
fish supplemented with larval diet AP-100.

Mean Incidence of Feeding (%)
12 Artemia and 12 Artemia and
Age (days) 18 Artemia Artemia Flakes AP-100
4 25 11 31
6 63 47 91
8 75 60 75
10 76 69 e
12 93 65 96
14 95 61 81l
16 89 45 69




Table 5-7. Summary of mean growth and survival of American
shad larvae at the Van Dyke Research Station (1984) to 18 days

of age for the feeding regimes of 18 Artemia, 12 Artemia +
Atrtemia Flakes, and 12 Artemia + AP-100.

Feeding Rates
18 Artemia/ 12 Artemia + 12 Artemia+
Fish Artemia Flakes AP-100
Length (mm) 11.5 11.4 12.0
Survival (%) 46 .5 66.0 84.1
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Artemia nauplii continue to be an essential component of
the diet for larval shad, however the study demonstrated
that: dry larval feeds were accepted by first-feeding shad
larvae; larval feeds remained a major portion of the diet; and
prepared diets greatly reduced and almost eliminated the high
larval mortality experienced in other studies (Wiggins et al.
1985) .

It was apparent that prepared feeds, offered in
combination with Artemia nauplii, and in particular the larval
diet AP-100, enhanced survival; however, the reasons prepared
diets enhanced survival were not clear. Several aspects
related to the feed and feeding; 1) gquantity and presentation
of feed, 2) particle size, and 3) nutrition, may have, at
least in part, affected the survival rates and will be
discussed.

1) Quantity and Presentation of Feeds

The feeding regimes supplemented with prepared diets
received a larger quantity of feed than the control.
Twelve Artemia nauplii in combination with an
equivalent mass (live) of the appropriate prepared diet
was fed per fish daily (a mass of 24 Artemia nauplii)
compared to a control receiving 18 Artemia nauplii.

The moisture content of prepared feeds would also be
less than that of Artemia nauplii which, in addition to
affecting quantity would also affect the amount of feed
that was nutritionally available. It was demonstrated,
however, in the previous test on feeding rate of
Artemia nauplii that there were no apparent differences
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in larval survival obtained for feeding rates of 18 and
24 nauplii per fish fed daily (based on the initial
density of the rearing unit). Although Artemia nauplii
are presently an essential component of the diet for
larval shad, simply increasing the gquantity of nauplii
does not yield the increases in survival which was
obtained when using prepared diets in conjunction with
Artemia nauplii.

Larval feeding efficiency is low, initially limited by
the larvae's ability to feed, mobility, competition
within the tank, size of feed, etc. As a result,
presentation of feed is critical in making feed
available to the larvae. Artemia nauplii were released
into a rearing unit from two locations and immediately
began to sink through the water column. Dispersal of
the nauplii is vertically concentric at the perimeter
of the rearing unit. The nauplii are weak swimmers and
do little to expand the distribution. The dry larval
diet drops onto the water surface within a rearing unit
from one location. Some of the diet sinks immediately;
however, a portion disperses over the water's surface,
sinking at various time intervals, while some remains
on the surface. The dispersal of the dry larval diets,
particularly in rearing units with such high fish
densities, should positively affect availability of the

diet to larvae. Increasing the availability of the



2)

feed can directly and positively affect survival (1981
Annual Report). Incidence of feeding, however, did not
support the inference that the dry larval feed would be
more available to larvae. The incidence of feeding for
the feeding regimes 18A and 12A + AP-100 were similar.
The feeding regime 12A + AF had the lowest incidence of
feeding throughout the study, although feed dispersal
was similar to that of 12A + AP-100.

Particle Size

Initially, the size of the prepared diets fed was much
smaller than Artemia nauplii. Mean width of Artemia
nauplii without appendages was 0.19 mm (0.007 in.)
(Wiggins et al. 1985), very similar to the 200 micron
particle size of the larval diet. The horizontal mouth
width of larval shad 6 days of age is 0.76 mm (0.03
in.), apparently large enough to accept larger diets;
however, it was demonstrated that larvae selected for
Artemia nauplii less than the mean width (Wiggins et
al. 1985). In comparison, the initial particle size
for both prepared diets was 150 micron. The largest
size offered during the test was 250 micron for AP-100
and 800 micron for Artemia flakes. There was a sharp
decline (from 80 to 51 percent) in feeding incidence
for the larval diet AP-100 after day 12, which
coincided with a change in particle size from 200 to
250 micron. It appears that particle size may have

influenced the incidence of feeding.




) Nutrition
The nutritional composition of any diet is important;
however, the ability of an organism to utilize
nutritional components must also be considered. It is
assumed that the nutritional value of the Artemia flake
diet (almost a pure Artemia composition) is no more
than equal to and likely of less nutritional value than
the diet of Artemia nauplii. If only a small
percentage of the nutritional value is lost in
processing then you would expect a gram of dry Artemia
flakes to yield more growth than a gram of wet nauplii
(similar to dry feed vs. live fish!). Although
quantities for the two feeding regimes cannot be
equally compared, the incidence of feeding was lowest
for the feeding regime using the Artemia flake diet,
and yet higher larval survival was obtained. 1In
comparison, it was demonstrated that larger quantities
of Artemia nauplii did not increase survival.
Digestion of Artemia nauplii is very incomplete in
larval shad and therefore the nutritional value
received from the prey organism must be limited. It is
possible that the larvae realize a greater nutritional
value from even the partial digestion of prepared feeds
because of the more homogenous distribution of

nutritional components within the particle.
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Comparing the feeding regimes which utilized prepared
diets, the quantity, presentation, and initial particle size
were equivalent. Through 8 days of age, feed particle size
for both diets was 150 micron, and there was little difference
in diet particle size through 10 days of age (200 micron for
the AP-100 and 220 micron for Artemia flakes). The following
diet sizes, offered after 10 days of age, were not |
comparable: 400 and 800 micron for flaked Artemia and 250
micron for AP-100. The incidence of feeding for the AP-100

was much higher than for Artemia flakes throughout the study.

Survivals did not begin to differentiate until 14 days of age,

after which larval mortality remained exceptionally low for

the AP-100 diet. A higher mortality rate occurred from 14 to
18 days of age (18 percent) for larvae receiving Artemia
flakes. The delayed mortality experienced by larvae on the
12A + AP diet was not typical of the mortality pattern
reported by Wiggins et al. (1985) for larvae shad.
Differences between the feeding regimes utilizing prepared
diets may have been, in part, the result of the difference in
particle sizes offered later in the test. This would explain
the high initial survival of both supplemental diets as well
as the delayed mortality which occurred in units receiving

Artemia flakes.
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The feeding regime test using larval diet AP-100 in
combination with 12 Artemia nauplii per fish was run in
triplicate at production levels. The high mean survival
obtained in the study, 84 percent, occurred concurrently with
the lowest production survival obtained in 1984 (53 percent).
It appears that this feeding regime significantly increased
hatchery survival and should be incorporated on a production

basis.

Use of Oxytetracycline to Mark

Daily Otolith Rings of American Shad Fry

This project was undertaken to determine if a
distinguishable mark could be applied to daily otolith rings
of American shad fry before they are stocked at 18-19 days of
age. This mark could potentially be applied by a tank bath
treatment using the antibiotic oxytetracycline (OTC). The
otolith is an ossified tissue and begins growth even before
hatch in some species (Marshall and Parker, 1982; Tanaka et
al., 1981), and therefore the tetracycline property of being
incorporated into calcified tissue (Trojnar, 1973; Weber and
Ridgeway, 1962) might provide for a means of differentiating

between fish that did or did not receive contact with OTC.



Two production tanks of American shad fry were treated at
the Van Dyke facility, with a third serving as a control. One
treated tank was inside the hatchery building and the other
was outside, since direct light is known to negatively effect
the fluorescent properties of tetracycline (Choate, 1964;
Trojnar, 1973). Each treatment consisted of 50 mg/1l
oxytetracycline hydrochloride (88.5% active ingredient); 32
mg/l potassium phosphate and 67 mg/l sodium phosphate as
buffers; and a supply of pure oxygen added to each tank. The
treatment duration was 12 hours per day for four consecutive
days (days 15-18). Temperature, pH, and dissolved oxygen were
monitored during treatment to be certain safe levels for each
remained throughout the treatment period. After treatment,
the fish were transported to Benner Spring Fish Research
Station and stocked in concrete raceways for the duration of
the study.

Upon completion of this test and microscopic perusal using
an ultraviolet light source, a distinguishable fluorescent
mark was discernible on the daily otolith rings of treated
fish and persisted for at least 152 days (Table 5-8). Data on
the number marked were first gathered when the fish were 57
days old. The mark was found on 39 of 40 fish and yielded a
success rate of 97*% for both tanks combined at 57
days-of-age. Otoliths from the untreated 57 day-old control

sample displayed no evidence of a fluorescent mark.




Table 5-8. Results of tetracycline tagging of daily otolith
rings of American shad fry when treated at 15-18 days-of-age.
(Benner Spring Fish Research Station, 1984).

Number of Fish Marked

Treatment Group At 57 days-old At 152 days-old
Fish treated inside and

held in raceway 20 8

(Sample Size) (20) (9)

Fish treated outside and

held in raceway 19 6

(Sample Size) (20) (8)

Percent Marked

Tanks Combined 97.5% 82.4%
Untreated Controls 0 0
(Sample Size) (5) (5)



Fish were again checked for the number marked when they
reached 152 days of age; the overall percent marked was 82.4%
(14 of 17 fish). Otoliths from a 5-fish sample of 152-day-old
untreated control fish did not manifest a fluorescent mark.

There was no appreciable difference in marking between
those fish treated inside and those treated outside; however,
post-treatment survivals were quite different. At 21 days of
age (3 days post-treatment), 28 percent of the inside test
fish survived, compared to 87 percent of the outside test fish
and 73 percent of the inside control fish (Table 5-9). No
definite statement can be made regarding potential
tetracycline effects but the discrepancies in survival warrant
further investigation. Refinement of this technique will be
the primary objective for 1985 studies to reach our goal of
successfully producing adequate numbers of marked juvenile
shad.

In summary, a discernable mark can be applied to the daily
otolith rings of American shad fry, and will persist for at
least 152 days. After some refinements and further research,
this method should prove useful in determining the origin of

outmigrating American shad in the Susquehanna River.
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Table 5-9. Percent survival for shad fry utilized in the
oxytetracycline tagging study (Van Dyke, 1984).

—Percent Survival
Initial Days of Age

Treatment _Tank Density 14 18 21
50 ppm OTC 86,800 82 56 28
(Inside)
50 ppm OTC 125,900 97 93 87
(Outside)
Untreated 211,200 85 78 73
Control
(Inside)

933



Survival of Fry During Transport*

It has been assumed from experimental data within the
facility, that a high larval mortality during transport may
occur. Mean mortality for transfer of larvae in experimental
situations within the hatchery was extremely high, 63 percent
(1982 Annual Report); however, it was also assumed that the
experimental situation was more stressful than a production
effort, and direct extrapolation was not possible.

Testing of larval survival during transport has not been
conducted because of the inability to establish a proper
control for the study (a sufficient number of larvae with the
same hatch date and source) when time and tank space were
available. However, data collected in 1984 yielded
encouraging results relative to larval survival following
transport.

On June 14, a tank of 274,300 larvae, 14 days of age, was
transferred from Van Dyke to Benner Spring. Fry were water
brailed into 8 to 10 plastic bags with 5 to 10 liters of
water. The bags were inflated with oxygen and sealed. Bags
were then placed inside a styrofoam box and shipped to the
Benner Spring Fish Research Station. Total time in transport
was 3 to 5 hours. The bags of fry were removed from the boxes
and placed into outside tanks similar to those at Van Dyke.
When suddenly exposed to light, the larvae crowded near the
bottom of the bags. Upon shading, the larvae dispersed more

uniformly. The bags of larvae were tempered for a very short
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period (5 to 10 minutes, since temperatures were nearly
identical) and were released into the tanks. Mortalities were
collected for 3 days in the same manner as described for the
Van Dyke Station (Table 5-10). Total larval mortality for 66
hours (approximately 3 days) following transport was 11.3
percent. Approximately 1 percent mortality would be expected
in a hatchery control tank (no transport). A large part of
the initial mortality (6.4 percent) was apparently caused by
entrapment of larvae in the folds of the bag. It appears that
handling and transport mortality for larval shad, in a

production situation, is less than 10 percent.

*Note: This was not a test, but a qualatative and
quantitative description of a larval transfer so that an
assumption can be made relative to handling and transport

mortality for larval American shad in a production situation.
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Table 5-10. Larval survival following 3 to 5 hours of
transport.

Time following Collected
transport (hours) Mortality Mortality (%)
18 17,600 6.4
25 7,200 2.6
42 2,900 l.1
66 3,400 1.2
Total 31,100 1.3
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1)

2)

3)

4)

5)

6)

7)

8)

9)

The slow growth and high mortality characteristic of
the transition period from endogenous to exogenous
nutrition is the result of starvation.

Larval shad do not actively feed at night. Reducing
the number of hours of feeding (as done in 1984)
permits the introduction of a higher density of Artemia
nauplii to coincide with peaks in feeding intensity.

A feeding rate of 12 Artemia per fish, as fed in past
years, did not perform as well as higher feeding rates.
A feeding rate of 18 Artemia per fish (the feeding
rated used for production in 1984) was the optimum rate
tested, considering growth, survival and economy of
operations.

Prepared diets fed in combination with Artemia nauplii
increased survival.

The supplemental larval AP-100 almost eliminated the
suggested starvation mortality experienced during the
transition from endogenous to exogenous nutrition.
Particle size of prepared diets being fed is critically
important. The suggested initial particle size would
be 150-200 micron.

A discernible mark can be applied to the daily otolith
rings of American shad fry using an oxytetracycline
bath treatment, and will persist for at least 152 days.
Transportation of larvae should result in less than 10
percent mortality.
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Appendix A-1l.

Temporal patterns in growth of American shad

larvae to 18 days of age at an initial feed rate of 12 Artemia
nauplii per fish per 24 hour period (Van Dyke Station, 1984).

Irial Mean Length (mm)

Age (days) #1 #2 #3 X
4 10.4 10.1 10.6 10.3
6 10.4 10.3 10.7 10.5
8 10.2 10.1 s I DS § 10.5
10 10.2 10.2 10.9 10.4
12 10.4 10.6 11.1 1057
14 10.4 - 11.6 11.0
16 - 10.8 11.0 10.9
18 10.9 10.9 11.4 11.1

Appendix A-2.

Temporal patterns in growth of American shad
larvae to 18 days of age when the feeding rate was initially
18 Artemia nauplii per fish per 24 hour period (Van Dyke

Station, 1984).

Trial Mean Lencgth (mm)

Age (days) $1 $2 43 X
4 10.5 10.2 10.6 10.4
6 10.6 10.1 10,.5 10.4
8 20«7 10.5 140 10.7
10 11.0 10.6 10.7 10.8
12 1141 10.6 11.0 10.9
14 11.0 =i 5 ) h i 5
16 - bl LySec j i s | 112
18 11.6 110 11..0 11.2
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Appendix A-3. Temporal patterns in growth of American shad
larvae to 18 days of age when the feeding rate was initially
24 Artemia nauplii per fish per 24 hour period (Van Dyke
Station, 1984).

Trial Mean Length (mm)
Age (days) #1 $2 #3 X
4 10.3 10.3 10.5 10.4
6 10.3 10.7 10.7 10.6
8 10.4 10.6 11.1 10.7
10 10.7 10.6 10.9 10.7
12 10.7 10.8 11.2 10.9
14 10.9 e 1le5 11.2
16 s 11.4 11.2 113
18 11.8 11.6 11.3 11.6




Appendix A-4.

Artemia nauplii per fish.

Larval survival for 18 days at the Van Dyke
Research Station (1984) with an initial feeding rate of 12

Trial Survival (%)

Age (days) #1 #2 #3 xa
5 99.3 97.6 - 99.0
2 99.1 97.2 97.3 97.8
3 98.9 9751 96.7 97.4
4 98.9 97.1 96.5 97.3
5 98.8 97.1 96 .4 97.3
6 98.7 97«1 95.9 97.1
7 98.6 97.0 95.8 97.0
8 98.5 97.0 95.7 96.9
9 98.4 96.9 95.5 96.8

10 98.3 94.8 94,1 95.4
11 97.8 89.7 91.5 92.4
12 96.0 82.4 87.1 87.6
13 92.6 80.6 81.7 84.0
14 90.5 77.2 1543 79.8
15 88.6 76.7 62.3 74.0
16 84.6 75.9 55.8 70.2
17 83.2 74.9 50.8 67.5
18 80.6 74.0 49.1 65.9

A@Mean survival was determined by the ENy4+i divided by the
ZNx for 3 trial tanks multiplied by 100.
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Appendix A-5. Larval survival for 18 days at the Van Dyke
Research Station (1984) with an initial feeding rate of 18

Artemia nauplii per fish.

Trial Survival (%)

Age (days) $#1 #2 $3 xa
1 99.2 98.1 - 99.2
2 99.0 97.5 98.5 98.4
3 98.8 97.4 98.1 98.2
4 98.8 97.4 97.7 98.1
5 98.7 97.3 97.6 98.0
6 98.7 97.2 97.6 98.0
7 98.6 97.2 97.5 97.9
8 98.6 97.2 97.4 97.8
9 98.4 96 .8 97.0 975

10 98.4 93.8 95.4 95.8
11 97.9 87.8 92.2 92.4
12 97.1 85.6 87.7 89.9
13 96.0 84.2 83.6 87.8
14 95.5 82.6 3 e 86.3
15 95.1 82.4 75.8 84.3
16 94.6 80.3 725 82.4
17 94 .4 78.8 67.3 80.1
18 93.8 7179 6l1.6 77.8

8Mean survival was determined by the ¥Ny4+i divided by

theZ Ny for 3 trial tanks multiplied by 100.



Appendix A-6. Larval survival for 18 days at the Van Dyke
Research Station (1984) with an initial feeding rate of 24

Artemia nauplii per fish.

Irial Survival (%) .

Age (days) $1 #2 3 x4
1 99.0 96.7 - 98.7
2 98.8 95.9 99.0 98.0
3 98.8 95.8 98.3 97.7
4 98.7 95.8 98.1 97.6
5 98.6 95.6 98.1 91735
6 98.5 95.6 98.0 97.5
7 98.4 95.3 97.9 97.3
8 98.4 95.3 97.9 97.3
9 98.3 93.9 95.6 97.1
10 98.3 93.9 95.6 96.
11 97.5 89.2 90.9 92.6
12 95.6 85.4 87.3 89.7
13 90.6 85.0 82.7 86.1
14 89.1 84.3 79.7 84.3
15 88.5 83.9 74.9 82.3
16 87.1 83.3 66.7 78.8
17 87.0 82.0 61.2 76.4
18 86.1 80.9 57.6 74.5

@Mean survival was determined by ENyx4+j divided by £ Ny for the
3 trial tanks multiplied by 100.
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Appendix B-1. Temporal patterns in growth of American shad
larvae to 18 days of age utilizing a feeding regime of 18
Artemia nauplii per fish per 24 hour period (Van Dyke Research
Station, 1984).

Trial Mean Length (mm)

Age (days) $1 $2 3 =
4 - 10.5 10.3 10.4

6 10.7 313 10.5 10.8

8 10.8 10.8 11.0 10.9

10 11.4 1.3 10.5 1141
12 11.2 11.2 10.8 3143
14 11,2 11,0 113 i B %
16 11.5 11.7 11.3 11.5
18 11.8 11.0 11.6 11,5




Appendix B-2.

larvae to 18 days of age utilizing a feeding regime of 12
Artemia nauplii per fish supplemented with a dry diet of

Larval AP-100.

Temporal patterns in growth of American shad

Trial Mean Length (mm)

uq

Age (days) $1 $2 #3
4 — 10-5 10.2 10-4
6 115 11.0 10.4 11.0
8 11.6 10.9 10.4 1160
10 124) 11.0 10.5 11.2
12 11.9 11.6 10.6 11.4
14 12.0 11.6 112 11.6
16 12.8 115 10.9 11.7
18 12.8 12.0 h & 5y 12.0

Appendix B-3.

larvae to 18 days of age utilizing a feeding regime of 12
Artemia nauplii per fish supplemented with a dry diet of
milled Artemia flakes (Van Dyke Research Station, 1984).

Temporal patterns in growth of American shad

Trial Mean Length (mm)

Age (days) 1 #2 #3 b3
4 - 10.7 10.3 10.5

6 10.7 11.0 103 10.7

8 11.4 11.3 11.1 11.3

10 11.5 10.9 10.6 11.0

2. 11.1 11.5 11.0 X).2

14 b [ [ | 11.2 e B 11.3

16 11.9 11.8 11.3 11.7

18 12.0 11.0 11.3 11.4
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Appendix B-4. Larval survival to 18 days of age at the Van
Dyke Research Station (1984) with an initial feeding regime of

18 Artemia nauplii per fish.

Trial Survival (%)

Age (days) #1 $2 #3 xa
1 - - 99.2 99.7
2 975 98 .6 98.5 98.3
3 96.8 - 98.3 98.0
4 96.5 98.4 98.1 97.8
5 96.1 98.3 98.0 97.6
6 96.0 98.3 97.8 97.5
7 95.9 98,2 97.5 97.3
8 95.1 98.2 96 .0 96.6
9 91.6 98.1 91.2 94.1

10 85.5 97.8 77.5 88.0
11 76.9 96.1 68.5 82.0
12 69 .4 93.4 56.1 75.0
13 62.0 91.7 43.3 68.2
14 61.0 86.8 32.7 62.6
15 52.6 83.6 30.7 58.3
16 44.8 79.9 29.0 54.0
17 38.7 77.0 25.2 50.0
18 33.3 74.2 22.3 46.5

4Mean survival was determined by £ Ny4+4j divided by the
T.Nxy for the 3 trial tanks multiplied by 100.



Appendix B-5. Larval survival to 18 days of age at the Van

Dyke Research Station (1984) utilizing an initial feeding

regime of 12 Artemia nauplii per fish supplemented with a dry
diet of milled Artemia flakes.

Trial Survival (%)

Age (days) $#1 #2 #3 xa
1 - - 98.3 99.7
2 97 .4 99.5 98.1 98.4
3 97.0 98.1 97.9 97.7
4 96.5 98.1 97.4 97.7
o 96.3 98.0 97.4 97.3
6 96.3 97.9 97.1 97 .2
7 96.1 97.9 97.1 97.0
8 95.7 97.8 96 .6 96.8
9 94.3 97.3 95.0 95.7

10 93..2 96.2 93.0 94.4
11 91.2 94.4 91.6 92.6
12 90.1 93.6 90.8 91.7
13 87.2 91.8 89.1 89.5
14 83.8 89.5 86.8 86.9
15 80.8 86.9 85.0 84 .4
16 76 .8 83.4 82.3 80.9
17 71.6 79.5 73.6 75.3
18 60.0 74.6 60.3 66.0

@Mean survival was determined by ZNy4+i divided by the

LNy for the 3 trial tanks multiplied by 100.
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Appendix B-6. Larval survival to 18 days of age at the Van
Dyke Research Station (1984) utilizing an initial feeding
regime of 12 Artemia nauplii per fish supplemented with a dry
diet of Larval AP-100.

e TEEAl- SUreival (%)

Age (days) $#1 $2 $#3 xa
h| = - 97.6 99.2
2 98.4 98.7 96.9 98.0
3 98.3 975 96.8 97.5
4 98.1 97.3 96.5 97.3
5 97.9 97.2 96.4 97.2
6 97.8 97.1 96.0 97.0
7 97.7 97.1 95.6 96.8
8 97.6 97.0 94.6 96.4
9 97.5 96.7 9147 95.3

10 97.2 95.8 87.1 93.3
11 96.6 94 .4 84.6 91.8
12 96.0 93.4 83.2 90.8
13 95.5 92.9 81.9 90.1
14 94.8 92.3 80.9 89.3
15 94.1 91.1 79.2 88.1
16 93.3 90.4 78.0 87.2
17 91.9 89.9 152 85.6
18 90.5 89.2 72.6 84.1

@Mean survival was determined by = Ny4+i divided by the
Z Nx for the 3 trial tanks multiplied by 100.



J73% VI. SUMMARY OF OPERATION OF THE CCNOWINGO DAM FISH
PASSAGE FACILITY IN SPRING OF 1984

Canberra/kKMC
Muddy Run Ecological Laboratory
Ps« O« Box 10
Drumorey PA 17518
INTRODUCTICN
The Conowingo Dam Fish Passaqe Facility (hereafter Fish
Lift) has been in oceration since 1972. It is part of a
cooperative nrivates states and federal effort to restore
American shad to the upper Susquehanna Rivers. The
operational goal of the Fish Lift has been to monitor fish
populations below Conowingo Nam and transport as many
mioratory fishes (American shads herrinass hickory shidy
striped bisss and American eel) upriver as possibles This
is in accordance with the restoration nlan for the
Susquehanna Tivers. 0Operation of the Fish Lift is one of
many long term commitments by the Philadelpnia Electric and
Susquahanna Flectric companies to aid in the restoration of
migratory fishes to the Susquehanna Rivera
The Conowingo Hydroelectric Station is operated as a run

of th: river peaking power statione. The maximum rated peak
discharge frem all eleven units at Conowingo Dam 1s 854000
cfse The natural river fFlows in excess of 954000 cfs are
released over the spillways Generallys under efficient
operating conditions discharge from the seven small units

(1-7) is 5+0C0 cfs each and from the four larde units (3-11)
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is LUs0UD cfs each for a total of 75+00uU cfs. Howevers in
1524 unit 10 was out of service limitinuy peek discharge to
65+00U cfsa

Mbjectives of the 1984 operation were to (1) monitor
relative abundance of Algsa species in the tailracesy (2)
moﬁitor species composition of fishes in tailraces (3)
obtain life history information from selected miaratory and
resident speciesy (4) contribute to restoration efforts by
the trap and transfer of prespawnad American shad and other
minratory fishes to upstream localitiessy and (5) assist
Marylana Tidewater Administration in assessini the
populatinn of American shad in thne upper baye.

Methods

Prior to the operation of the Fish Lift several surveys
were conducted in the spring to detect the arrival of
alosids into the low=ar river areae« Personnel at LOwen's Fish
House (Farryvilley Maryland) were contacted on alternate
veekdays starting on 12 March tc determine 1f comuercial
fishermen were catchina these species in the river or
Susquehanna Flatse A visual survey of Deer Creex was
conducted daily from 1% “arch to 15 May to determine if
river herrings were nresent in the lower rivere 11€rrings
were first ohbserved in Ueer Creek at Stafferd %ridne on 11
Aprile.

Mechanical preparation of the Fish Lift (Figure hel) was

initiated during the week of 19 March 1984« All mechanical



preparations were completed with a successful test run of
th2 Fish Lift on the afternoon of 2 Aprils Fish Lift
operation commenced on 3 Aprile. Howevers the operation
scheduled for 5 April was cancelled due to high spring flows
which necessitated the removal of weir gate and crowder
mofors- Lift operation resumed on 13 April and was
scheduled to operate on a alternate hilf day basis according
to the 1984 Susguehanna River Anagromous Fish Restoration
Committee (SRAFRC) work plan (SRAFRC 1984). Operation was
limited on 17 April and cancelled on 19 April due to nigh
river flows., 0fperation resumed on an alternate half day
basis on 21 April and continued on that schedule until 24
Mave Starting on 25 May the Lift operated daily with an
extended schedule to include afternoon and early eveniny
hourse This operation was terminated on 30 May due to
increasing river flows which necessitated removal of the
Lift motors. “peration resumed on & June on an alternate
hal f fay basis and continued until termination of the 1984
spring trappina season on 14 June.

The mechanical aspect of Fish Lift operation was similar
to that described in the 1982 Summary Report (RMC 1983),
Fishinc time and/or 11ft freaquency was determined by
abundance of fishes and the time required to process the
catche

Attraction velocity and flow at the Fish Lift in 1984

were generally similar to those maintained in 1982 (RAMC
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19583). Based on the 1982 experience hydrologic conditions
were maintained in the area of the Lift between the crowder
gate and weir gate entrances similar to that reported in the
latter part of the 1932 trapping season (RMC 1983).

A minimum spring flow of 5+000 cfs from Conowingo Dam
hd; been released from approximately 15 April to 15 June
from 1972 *o 17984, Due to high natural river flows in 19f4
dam discharges were above 59000 cfs until 2 Mayes Unit Noe. 5
was usad to discharge the continuous minimun flow from 2 May
to 11 June when station discharge did not excead 54000 cfse
The release of 54000 cfs from Unit Noe. 5 was baszd cn the
1982 experience which showed the Lift's efficiency increased
when the compa2tition oetween the attraction flow from the
Lift and continuous release was reduced.

Palea2se of the chemical attractants phenethyl alcohols
was to follow the schedule outlined in SRAFRC's 1584 work
plan (SRAFRC 1984). The attractant was to be relcased on
every other scheduled day of Fish Lift operation until water
temperatures reached 68 F, Hpowevers as in past yearss
equipment maltunction prevented ralease of the &sttractant on
3 reJular hasise.

Fisnes were processed as reported earlier (RML 1923)e.
Fishes were enumerated by counting ond/or estimation hased
on their abundance and released back to the tzilracee. When
large numbers of fish were presents the number was estimated

and fishes released to minimize handlinje Lenqdthy weighty
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sex and scale samples were taken from blueback herrings
alewifey hickory shady striped bassy and striped bass x
white bass nybrid as in 1983. Common names of fishes
(Bailey et ale. 1970) are used throughout the text and
tabless A list of common and scientific names is givan in
Taéle fele

Emerican shad were sorted and held for transport in one
nf three circular tanks continually supplied with river
water. Transport was scheduled to occur whenever fifty or
more green or aravid shad were collected in a day. All
healthyy active shad not transported were tagged with floy
anchor taygs and released back to the tailrace. Prior to
their release to the tailrace lengthsy weights sexy» and
spawninyg condition were determined as conditions permitteds
Sca2le samples were taken when possibles

Shid scales were cleaneds mounted and aged following
procedures of Cating (1953)e Results of age analysis in
this report are considered preliminary until scale sanmples
are exchanaed with Maryland DNR for independent validatione
Scele samples collectad from 1972 to 1953 heve been ajeds
These data along with other Tife history information
(1enaths weiqght and sex) are in tne process of being

collated and will be available at a later date.

In 24 days of Fish Lift operation (2 aApril to 14 June)

957+821 fFish representing 35 taxa were cauaght in 519 lifts
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wi*h a total fishing time of 192 hours (Table 6.2).
Pradominate species in order of abundance were gizzard shads
channel catfishy carps and white perche Alosids (alewifey
American shads blueback herrings and hickory shad) comprised
a small portion of the catche

‘ The relative abundance of fishes in 1984 was similar to
1973 (Tahle 642)e In recent years the catch has qgenerally
hern dominated by gizzard shad and carp whereas in the early
years of Lift operation the catches were dominated by
alosids (primarily blueback herring) and white perche

The total catch of 510 alosids in 1984 was the lowest on
record since operation began in 1572 (Table 642)« Howevers
the catch of American shad (l167) ranked fourth by yeare The
low numbar of alosids collected in 1984 was generally a
result of few river herrings being capturedes The catch of
alewifesy blueback herring and hickory shad was 256y 311e and
6 Iindividualsy respectivelye.

The first American shad was captured on 3 May at a water
temperature of 59 F (Table 643)es Most American shad (138)
were captured hetween 23 and 29 May when water temperatures
ranged from 6le7 to 69.9 F and natural river flows ranged
from 48+500 to 60+500 cfse. Over 40% of the American shad
were collected on 27 May at a water temperature of &8 Fe

Some 150 American shad were floy tagged in 19345 six
shad were recapturede. Three were recantured ot the Fish

Lifte OUne fish was taken by a sport anyler in the tiial
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portion of the Suscuehanna River off Wiley's Ship Yaru in
Port UDepositey MDe Two shad were captured by commercial
nettersy one was collected in Delaware Bay and the other was
collected in the Atlantic Ocean off the coast of Mainee.
Seven American shad taqged by the Maryland DNR in the
ta{lrace were recantured at the Fish Lift.

Cata on sexy mean fork lengthy and aqe structure of
American shad collected in 1984 are presented in Tatle 6.4
EFighteen shad were returned to the tailrace prior to
obtaininn any data in an effort to prevent mortalities that
might have occurred due to weakened condition of the
specimens. The sex ratio of the remaining 149 specim2np: was
241721y male to femalee Males ranged in age from III to V
years and were dominated by IV year olds. Females ranged in
age from IV to VII years and were dominated by VI year oldse
One IV yesar old male was a repeat spawner while the other

snad examined were virginse

The relative efficiency (number of American shad caught)
of the Fish Lift was nighest at lower river flowse The
operation of the Fish Lift had be:n modified in 1982 in an
effort to increase the relative efficiency of the Lift
(SRAFRC 1983). Fiqures 6.3 to 6+5 show the catch of
American shad at the Lift by days river flow (cfs) and water
temperture (F) for 1782 to 1784y respectively. Amnerican

shad have been collected at river flows that ranged from
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154400 cfs to 80+500 cfs and at water temperatures that
ranged from 590 F to 74«38 F during those yearse Generally,
as flows decreased the catch of American shad increased.
Station operation also appeared to influence tha

relative efficiency of the Fish Lifte At river flows below
85;000 cfse the number of turbines in operation deternines
the volume of water discharged to the tailrace and thereby
tailrace confiqurations Figure 6«2 shows by time the volume
of discharqge (cfs) at Conowingo Dam on 2T May when average
daily river flow was 55,102 cfse Flows in the tailrace on
27 May varied from a low off-peak generation level of 109000
cfs to a peak teneration level of approximately 654000 cfse
The catch nf American shad decreased steadily as yeneration
increase’s

The pattern of increased catch with decreased generation
is repeated throudghout 1922 throuyh 1984« The catch/hr of
American shad at discharges € 59000 cfse 109000 cfs to
40+C00 cfse 404000 cfs wes 13«7y 59 and 1.0 shady
respectively (Table 6e5)e The data were further examined to
detect the =ffect of the operation of Units Noe« 1 and 2
(Units Tocated closest to Fish Lift)e The catch of American
shad was generally highest at all the aforementioned levels
of discharges when Units Nos. 1 and/or 2 were not in
operatione Thuss the relative efficiency of the Lift is
areatest at lower discharges and/or when Units 1 and/or 2

are offe.



The lower nunber of American shad captured in 1983 and
1984 compared with 1982 was in part due to the high spring
time natural river flows in 1983 and 1984« Because of the
hiah spring flows in 1983 and 1984s most Lift operation
occurred simultaneously with full peaking aeneration and/or
at.spi1ls. The amount of time the 1ift operated in 1982 and
1954 at hiaher levels of generation was greater than in 1982
(Tanla €e6)e The lower overall Lift efficiency and limited
Lift operation in 1953 and 1904 compared to 1982 contributed
to the lower catches of American shades In May 19682y when
most American sh2d were captureds historic lows natural river
flows nccurred.

Tne redured efficiency of the Fish Lift at times of high
generation may indicate either that American shad are not as
susceptible to capture under these conditions or that tney
utilize other areas of the river. uoat anglers have
collected American shad by hook and line in a restricted
location (about 500 sgefte) along the easst side of the
tailrace« This is an ar=sas 3oout 100 ft downstream from the
retainint walls historically fished for shad Dy anglersy
particularly at times of higher gencration (RMCy 1979)e
Shad apparently utilize this restricted location during
times of peak nenerations Howevery the number of shad using
this area appears to be smalle Radiotayging studies have
indicated that only 3 small percentage of stad utilize the

tailrace; most utilize the tidal portion of the rivere.
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No transportation of American shad or other migratory
fishes occurred in 1934« 0On 27 May a sufficient number of
shad (58) were collectedy howevery due to their advanced

sexual condition they were floy tagged and released back to

the tailracee.
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TASLY bele List of scientific and common names of fishes
collected at the Conowingo Fish Liftes Spring
1972-1982 (according to Baileys et aley 1970).

Scientific Name

Cormon Narie

Family - Petromyzontidae

Family - Anqguillidae
Anauill3s rostrata

Family - Clupeidae
Alosa 3estivalis

Alosa pseudoharengus
Alosa sapidissima
Arevourtia tvrannus

e ——— =

Family - Salmonidae
Salmo agairdneri
Salmo trutta

Se namaycush

Family - Coregonidae
Coreagonus artedii

Family - Esocidae
Esox nigar
Zsox lucius
Fsox masguinonsgy
Es masquinoniy x

Fe lucius

Family - Cyprinidae
Carassius auratus
Cyprinius carpio
Nocomis Tlcronogon
Notemisonus crysoleucas

Lampreys
Sea lamprey

Freshwater eels
American eel

Herrings
Blueback herring
Hickory shad
Alewife
Amer ican shad
Atlantic menhadan
Gizzard shad

Trouts
Rainbow trout
Arown trout
Brook trout

Splake

Wwhite Fishes
Lake herring

Pikes
Chain pickerel
Northern pike
Muskellunge

Tiger muskicz

Minnows and c:arps
Goldfish
Carp
River chub
Golden shiner



TARBLT 6«1 (Continueds

Scientific Name

Common Name

Family = Cyprinidae (continued)
Notropis sp.
Notropis amoenus
Nortopis hudsonius
Motropis procne
Notropis rupellus
Notropis spilopterus

Rhinichthys atratulus
Rninichthys cataracta

Family - Catostomidae

——— e | e D —

Moxostoma macrolepidotum

Family - Ictaluridae
Ictalurus catus
Ictalurus natalis
Ictalurus nebulosus
Ictalurus punctatus
Noturus sp.

Noturus insianus

Family — belonidae

Family - Cyprinodontida=
Fundulus heteroclitus

Family — Percichthyidae
Morone americana
Morone saxatilis

Me chrysops

Shiners

Comely shinar
Spottail shiner
Swallowtail shiner
Rosyface shiner
Spotfin shiner
Bluntnose minnow
Blacknose dace
Longnosa dace

Suckers

Auillback

White sucker

Creek chubsucker
Northern hogsucker
Shorthead redhorse

Freshwater catfishes
nhite catfish
Yellow bullhead
brown bullhead
Channel catfish
Madtoms
Margined maritom

Needlefishes
Atlantic needlefisn

Killifishes
Mummichog

Temperate basses
White perch
Striped bass

Stripea btiass x
White bass



TAELSY 5«1 Continued.

Scientific Name

Common Name

_——

—_— ——

Family — Centrarchidae

—_————— e — o — o

——

Lepomis cibbosus
Lepomis macrochirus

————— e e e

Family - Fercidae
Etheostora olmstedi
Ftheostoma zoniale

—_——————— = o

S

P

unfishes
Rock bass
Redbreast sunfish
Green sunfish
Pumpkinseed
Bluegill
Smallmouth bass
Largemouth bass
White crappie
Black crappie

erches
Tessellated tarter
Banded darter
Yellow perch
Wwalleye
Log perch
Shield darter

6-14



&I-9

of annual catch of fishes in the Fish Lift, 1 April - 15 June, 1972-1984.

TABLE 6.2 Comparison

TEAR 1972 1973 1974 1975 1978

MD. OAYS 54 &2 s 55 &3

LIFTS BT 1527 LR 314 LEL)

DPER. TIYE(IMWR.) sO7 981 sa0 roT? 3

FISHING YIME(HR) 313 623 2 189 52

8 SPECIES 40 43 42 41 1]
AMERICAN EEL BO% 20%0 1937 be37% 40409
BLUEDACK MEANING S8198 3lodsl Jsuoes 69918 35519
HICKORY SHAD 2% T39 219 20 -
ALEMWIFE 1034% 164727 16673 4311 235
ARCRICAN SHMAD (§.14 6% 121 L) az
GIIIaRD SHaAD 2849 LE1-1.1.1 119672 139222 382275
ATLANTIC MEN“ADEM - - 1z = 506
TROUTS 1 = e - -
PATNAOM TROUY 34 &7 20 t 2y 54
"R0NY TeOyuy iz L) 4E3 219 827
wagun TaOuT 1 S 1 -
Jaur - - - - -
CHALY ®JCMERSL = 1 10 - -
NOSTHERY PIRE b 2 2 - -
MUSKELLUNGE 20 104 9 7 12
=] ANOWS = e » - =
GCOLD=15H - 27 1 9 4
canp 4370 163562 3418y 15118 6755
MIVER CTHUB - - - - -
COLDEN SvINEN 16% %30 4537 51 1622
CONELY SmINER 5 252 B LEL ] £27TY 140
SPOTTATL SMI‘iER b L] 137 2036 268 3 1742
SHALLD4TRAIL SHINER - i - - -
ROSTFACE SHIMER 1 - - 1 -
SPOIFIN SMINSR 103 40 3oll 123 45879
BLUNTNDSE M]INHOW - = = = -
SLACKNOSE DACE - - = = T
LONGYOSE DACE . - - 1 & &
SHINERY 764 3 - - -
oUILLEBACY TiIL9 27700 16%65% LELT 9882
WHITE SUfRER 583 1034 2es 152 Las
CREEE CHUBSUCRER 3 3 = =
NORTMERM HDG SUCTER - 2 - 1 5
SHWTHEAD BENHNASE 1097 4420 434 LT3 ] 1278
WHITE CATFISH 3gTo 6394 2200 6170 1451
YELLOW BULLHEAD ¥ 4% 1 32 2
SRORM SULLMEAD S0 5328 1612 T40 451
ChANNEL CATFISH 610482 35084 15661 T4052 41508
MASG INED MADTUM - - = Bt 2
“aD10mS - - - - -
TADEOLE MACTOS - - - - -
wuNRICHIG v - - = 1
WHITE PEwqw 9971 BATS9)Y [LAATE] 511699 sséole
® STRIPED EBALS Jla2 49% 11%0 174 3
PICK B85S &6 32 3 L1 227
SEDEREAST SUMFISM Tar 20%8 1358 3040 T2
GREEM SUNFISH 3 - 4 3" sl
PUMPYIMSEED ne 2578 25719 1000 ars
BLUEGILL s67 1«23 2t 3058 2712
SHALLROUTH Bass v 182 298 e 153 a7
LARGENMODUTH BASS . 82 80 23 19 33
MHITE FRAPPLE 4457 664 5311 9290 2987
SLACK CRAPPIT L} - 2% &5 113
TESSELLATED DARTER - 1 & 1 e
YELLOW PERCH 5933 1090 ae2 494 Z90s
pLOGPERCH - - - - -
SHIELD DaRTE® - - - - " o-
WAlLEYE 1840 2734 1813 39 2267
BAYCED DANTER - - = % SN
ATLAMTIC MEEDLEFTSH 1 - e L B
LAMPREYS - - - =1 A
SEA LAvpREY - 2 - H 29
LARE MERSMING - 1 - - -
STRIPED BASS X MMITE BASS - - - - -
TIGER WUSKIE -t - = o =
BRILK TRCUT X LAKE TROUY - - - - -
LA L LA L) LA R L A L2 LA LR T} EEETEwS LA AR R T
2aLaLe 1300345 1617088 911043 1LIT5618
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TABLE 6.3 .

Daily summary of the catch of fishes in the Fish Lift for the 1984 spring operation.

L]

DATE 046/03/84 04/13/84 06/15/84 05/17/84 06/21/84 04/23/84% 04/25/84 04/27/84
NO« LIFTS 11 10 . 10 7 12 9 11 11
FIRST LI®T 610 730 608 605 600 715 €00 600
LAST LIFT 1159 1307 1204 930 1200 1200 1200 1200
OPERATING TIME 5282 5«62 5293 342 £+00 4475 6.00 6.00
FISHING TIYE(HR] 417 4425 450 2.T5 S5.08 3.83 . SelT} 5a17
AVE RIVER FLOW 91800 87600 73700 95600 100000 89700 73800 82200
AVE WATER TEMP, 5546 50.9 S51.8 51.8 51.8 51.8 509 527
ATTRACTANT USED? NO NO NO NO NO NO NO YES

- —— - - - —— - - ——— e e - - - —— ———

AMER [CAN EEL 1 4 4

BLUESACK HERRING - - 3

HICKORY SHAD - - -

ALEWTFE - 1 2

AMER TCAN SHAD - - B

GIZZARD SHAD 2 540 2182 23

RAINBCW TROUT - - -

BROWN TROUT - - 1 - - 1

CARP - -

GOLDEN SHINER -

COMELY SHINER -

QUILLBACK 1
1
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11
[ |
(I |

|

WHITE SUCKER ¥
SHORTHEAD REDHORSE

HHITE CATFISH =
YELLOW BULLHEAD -
BROWN ZULLHEAD n
CHANNEL CATFISH 389
WHITE PERCH =
STRIPED BASS -
ROCK 3ASS 5
REDEREAST SUNFISH =
GREEN SUNFISH -
PUMPK INSEED
BLUEGILL -
SMALLMOUTH BASS
LARGEMOUTH BASS

WHITE CRAPPIE

BLACK CRAPPIE =

YELLOW PERCH

WALLEYES

SE4 LAMPPEY

STRIPED BASS X WHITE BASS
TIRER MUSKITE

BROLK TROUT x LAKE TROUT
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TABLE 6.3

Continued.

DATE % 04/29/34

NO., LIFTS ' 11
FIRST LIFT 510
» LAST LIFY 1100
OPERATING TIME 5.83
FISHING TIME(HR) 5.00
AVE PIVER FLOW 69200
AVE WATER TEMP. 5S<4
ATTRACTANT USED? NO

05/01/84

15
500
1101
6.02
4«17
58900
56«3
YES

05/03/84

14
505
1055
5,83
G667
52600
59.0
NO

05705784

24
508
1800
12.87
10.83
60600
59.0
NO

AMERICAN EEL
BLUEBACK HERRING
HICKORY SHAD
ALERIFE

AMERTCAN SHAD
GIZZARD SHAD 6730
RAINBOW TROUT -
BROWN TROUT
CARP

GJLDEN SHIMNER
COMELY SHINER
QUILLBACK -
WHITE SUCKER

SHORTHEAD REDHORSE 3
WHITE CATFISH -
YELLOW BULLHEAD -
SROWN 3ULLHEAD -~
CHANNEL CATFISH 15
WHITE PERCH 1
STRIPED DASS -
POCK BASS -
REDBREAST SUNFISH -
GREEN SUNFISH -
PUMPKINSEED -
BLUEGILL -
SHALLMOUTH BASS 10
LARGEMOUTH B&SS

WHITE CRAPPIE

BLACK CRAPPIE

YELLDW PERCH -

WALLEYE

SEA LAMPREY

STRIPED BASS X WHITE BASS
TIGER MUSKIE

BRCOK TROUT X LAKE TROUT
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TABLE 6.3

Continued,

DATE 05/13/84 05/15/84 05/17/84 05/19/84 05/20/8% 05/721/84 05/23/784 05724784
NO. LIFTS 14 11 g 5 & 12 11 12 20 23
FIRST LIFT 503 500 520 510 507 458 50% 505
LAST LIFT 1110 1103 1111 1105 1000 1100 140 1333
DPERATING TIME . 6al12 6.05 5-.85 5«92 4.88 6.03 20.58 Be55
FISHING TIME(HR) 3.50 2«58 4«75 5.00 368 5.08 660 bab2
AVE RIVER FLOW 57900 75400 82600 63400 55800 52300 59800 60900
AVE WATER TEMP. 58.1 60.8 59.0 58«1 58«1 60.0 61.7 6h4at
ATTRACTANT USED? NO YES ND YES NO NO YES NO

AMERICAN EEL 1
BLUEBACK HERRING : - - - - -
HICKORY SHAD -

ALEWIFE - - - - =
AMERICAN SHAD 1 - - 4

GIZZARD SHAD 59075 12350 18750 23685 37665 3182
RATNSOW TROUT - -

BROWN TROUT 3 6 2 2
CARP 11 170 9 12
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WHITE SUCKER 3 3 - 1

SHORTHEAD REDHORSE 49 212 5S4 52 T4 222 y 563 166
WHITE CATFISH - = = - =
YELLOW 3ULLHE=AD -~ 1 =%

BROWN BULLHEAD 1 2 =

CHANNEL CATFISH 61 265 515 13
WHITE PERCH . 187 2132 55

STRIPED BASS

ROCK BASS
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PUMPKINSEED
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LARGEMDUTH BRSS
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BLACK CRAPPIE
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SEA LAMPPEY
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TIGER MUSKIE
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TABLE 6.3/

Continued.
DATE . 05725784 05726734
NO. LIFTS 25 28
FIRST LIFT 503 455
LAST LIFT 605 1743
OPERATING TIME 1.03 12.80
FISHING TIME(HR) 1072 TebT
AVE RIVER FLDW 56500 54300
AVE WATER TEMP. 662 67«0
ATTRACTANT USED? NO NO
AMERTCAN EEL 3 2
BLUEBACK HERRING 36 2
HICKORY SHAD - Ty
ALEWIFE 3 -
AMERTCAN SHAD 23 11
GIZZARD SHAD 25850 17600
RATNBOW TROUT 2 -
BROWM TROUT B 4
CARP 605 637
GOLDEN SHINER 1 1
COYELY SHIMER 105 -
QUILLBACK s81 51
WHITE SUCKER B 3
SHOP.THEAD REDHNRSE 466 226
WHITE CATFISH 12 2
YELLOW BULLHEAD 2 -
9ROWN BULLMHEAD 5 2
CHANNEL CATFISH 984 3580
WHITE PERCH 59 3s
STEIPED BASS 8 6
ROCK BASS 27 7
REDBREAST SUMFISH 29 13
GREEN SUMFISH - 1
PUMPKINSEED 6 -
BLYEGILL 13 -
SMALLMOUTH BASS 99 34
LARGEMOUTH BASS - -
WHITE CRAPPIE 2 -
BELACK CRAPPIE = T
YELLOW PERCH ‘ 17 22
WALLEYE 23 13
SEA LAMPOEY - -
STeIPED BASS X WHITE BASS 4 1
TIGER MUSKIE - -
BROCK TROUT X LAKE TROUT - -
====== ==S====
28981 82253

continued

05727784

25
S05
1752

12.78
9.67

55100
680
YES

150

35640
116

05728784
26
505
1738
12.55
10.08
48500
68.0
NO

10
18

2
45270

&4
206

52
2
53
3

1
2680
451
10
19
51
16
3s

05/29 /84
26
506
1554
10.83
T-50
55900
69.9
NO

&
13

Ll ]

06/06/84
20
500
1522
10.37
Ta52
54000
6543
ND

1095

-
0 @

I P AN o

Il wiliowli |

67795

06/08/84 06/10/3%
13 12
505 S05
1100 1055
5492 5.83
4et2 4492
40900 * 35400
68.0 6947
NO NO
15 7
2 49
& 8
29900 17700
9 14
153 22
- 2
135 3
4 1
61 1
s 3
1 -
2 1
505 205
148 155
10 3
4 5
49 64
18 21
15 52
14 7
i - 2
2 7
1 2
12 29
10 11
5 4
- 1
=EsTss=a =sSSs=s=s
31084 183169
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TABLE 6.3

Continued.

DATE i
NO. LIFTS
FIRST LIFTY
LAST LIFT
OPERATING TIME

FISHING TIME(HR)

AVF RIVER FLOW

AVE WATER TEMP,
ATTRACTANT USED?

AMER TCAN EEL
ALUERACK HERRING
HICKORY SHAD
ALEWIFE
AMERTCAN SHAD
GIZZARD SHAD
RAINBOW TROUT
BROWN TROUT
CARP

GOLDEN SHINER
CIMELY SHINER
QUILLBACK
WHITE SUCKER
SHOKRTHEAD RENHORSE
WHITE CATFISH
YELLOW BULLHEAD
BROWN BULLHEAD
CHANNEL CATFISH
WHITE PERCH
STRIPED 3BASS
ROCK BASS
REDBEREAST SUMFISH
GREEN SUNFISH
PUMPKINSEEC
BLUEGILL
SMALLMOUTH BASS
LARGEMOUTH BASS
WHITE CRAPPIZ
BLACK CRAPPIE
YELLOW PERCHw
WALLEYE

SEA LAMPREY

STRIPED BASS X WHITE BASS

TISER MUSKIE

BROCK TRCUT X LAKE TROUT

06/12/84
15
455
1105
6.17
492
26100
T3.4
NO

101

14

81

15

1

19

45

22

27
ESITT=ST

27724

06/14/84
11
500
1030
5450
450
24200
78.8
NO

1525
160

TOTALS
519

250.11
191.71

167
912+666
5

141
Bel1l2
]

871
1+942
109
34467
17

b

&9
204479
6v402
181
158
465

4

104
284
&08

57

9574821



TAZLE See

“Yean fork loength (mm)s ages and sex of American shad
collected at the Conowingo Dam Fish Lift in 1984,

s SRANSE
SEY AGE N MEAN MIN MA X
M s i 214 13 324 293 368
Y R 0 81 384 336 415
Y v 3 451 439 462
F v 3 410 396 424
£ v 10 471 435 515
F VI 17 506 457 560
F VII 11 53§ 50¢ 5¢3
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TABLE €«5Se

Summary of American shad catch at variocus generation levels
and operating status of Units Noe 1 an

1932 to 1984,

_—

d 2y 1 May to 31 Mayys

—

Total . Total
Dischar j» Minutes Shad Shad/hr
(14200 cfs) Unit 1 Unit 2 Fished Collected
<5 gF= CN BTH 19 2eD
<5 OF*= OFF 4736 1121 1543
5311 1230 135
10-44 NN aN 531 e 2 | lez
1U=&) Qi OFF 30 0 Jald
19=-49 aOFF oM 150° 2G3 ol
12-44 OFF CFF 2732 255 Satd
4801 459 549
>40 an an 133385 173 Ja8
240 ny CFF 350 12 2el
>40 TFF GN 1273 30 le&
>S40 gOF= OFF 1626 £S5 2ale
16639 T280 “ 140

-

Data limited to non-clean out 1ifts taken duriny
neriods of steady generatione
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TABLE 6.6

Summary of fish 1ifr operation by year, number of lifts and fishing time at various generation levels and operation status of Units No, 1 and
2 from 1 May to 31 .May 1982 to 1984.

Total

Discharge No. Of Minutes No. Of Minutes No. Of Minutes
(1,000 cfs) Unit 1 Unit 2 Lifts 1982 Fished 1982 Lifrs 1983 Fished 1983 Lifts 1984 Fished 1984

£5 OFF ON 23 575 - - - =

<5 OFF OFF 157 4571 o 150 X 15

180 5146 6 150 1 15

10-40 ON oN 5 171 4 120 23 240

10-40 ON OFF 1 30 - - - -

10-40 OFF ON 46 1253 4 75 6 . 180

10-40 OFF OFF 61 1937 17 445 16 350

113 3391 25 640 45 770

340 ON- ON 36 1181 358 6391 246 5813

> 40 ON OFF 12 350 - - p - -

340 OFF ON 30 898 8 230 5 150

>40 OFF OFF 28 1006 22 620 - -

106 3435 388 7241 ~251 5963




#7¢-9

X W2\(@

-

=

" FIGURE 6-1

Schematic drawing of Conowingo Dam Fish Collection Facility, Anonymous (1972). \
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FIGURE 6.2

Effects of dam discharges and operation of Units No. 1 and 2 on catch of American shad on 27 May 1984,
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Effects of yiver flow and water temperature (F) on the catch of American shad for 1982.
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Effects of river flow and water temperature (F) on the catch of American shad for 1983.
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Job VII. POPULATION ASSESSMENT OF ADULT AMERICAN SHAD IN
THE UPPER CHESAPEAKE BAY - 1984.

Dale R. Weinrich & Mary Ellen Dore

Maryland DNR - Tidewater Administration
Annapolis, Md.

7.1 INTRODUCTION

Prior to the late 1970's, American shad had been an
important part of Maryland's commercial and sport fisheries.
Beginning in colonial times and continuing through the late
1960's, shad catches ranked near the top in both pounds landed
and dock-side value (Mansuetti and Kolb, 1953. Walburg and
Nichols, 1967). Sport angling for shad, although a relatively
recent phenomenon as compared to the commercial fishery, had
generated many hours of recreation throughout the State.

Historically, the principal shad river in Maryland has been
the Susquehanna. Until 1980, a commercial shad fishery had
existed in this region for over 200 years while a successful
sport fishery had been ongoing there since the 1930's. Commercial
dockside landings of American shad from 1962 through 1973 averaged
204,000 pounds. Forste (MTA in-file data) estimated the value of
sport angling for shad on the Susquehanna River in 1970 to be
$3.9 million.

Because of a sharp, continuous decline in the reported harvest
of American shad since the mid 1970's, Maryland closed its waters
to shad fishing on April 4, 1980. The most precipitous decline

occurred on the Susguehanna drainage which saw landings drop from
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approximately 180,000 pounds in 1970 to only 2,300 for 1979.
Concerned by the seriousness of this situation, the Tide-
water Administration of Maryland's Department of Natural Resources

proposed a long term investigation of American shad in the upper
Chesﬁpeake Bay. The primary objective of this study was to assess
the status of head-of-the-Bay shad stocks, specifically those
utilizing the Susquehanna River drainage. The information
obtained would be used to formulate management policies designed
to restore American shad to stable, harvestable levels. To meet
this objective, five separate jobs were initiated: estimation of
adult spawning population, characterization of brood stock, sport
angling survey, juvenile recruitment assessment, and literature
review and survey.

7.2 METHODS AND MATERIALS

Basic capture, holding, and tagging procedures for 1984
differed little from previous years and are described in the SRAFRC
1982 and 1983 annual reports. Collecting gear employed for 1984 was
a single 500' x 8' x 5%" stretch mesh anchor gill net set off Port
Deposit, Maryland and rod and reel fished from a small boat anchored
in the tailrace of Conowingo Dam. Pound nets were not used in 1984

because of late start-up by the commercial operator.
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7.3 RESULTS

Tables 7.1 and 7.2 present effort and catch data for 1984.
As in 1983 anchor net effort was reduced over other years because
of high river flows. However, hook and line effort increased
in i984; 11 trips vs. 2 in 1983, Of the 221 adult shad captured
and tagged, 13 were subsequently recaptured; 10 within the study
area and 3 outside. Table 7.3 provides specific information con-
cerning these 10 fish while a general summarization is presented
below:
were by commercial gears

2
1l was by hook and line
7 were by Fish lift

a)

b) were tagged from gill nets

were tagged by hook and line

~ W

c) 1 fish was recaptured upstream from its initial
capture location
1l fish was recaptured downstream from its initial
capture location
8 were recaptured in the same general location

d) Shortest period at large = 3 days
longest period at large = 23 days
average period at large = 1l days

Upper Bay shad population estimates for 1984 were again cal-
culated using both the Peterson Index (3,81l4) and the Schaefer Method
(3,537). Tables 7.4 and 7.5 show how these two estimates were

derived.
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7.4 DISCUSSION

High river flows during the spring of 1984 reduced gill net
tagging effort. Because of safety reasons and net fishing
catchabilities, the anchor gill net cannot be used to capture
shad until Conowingo Dam reduces turbine schedule to one small
unit. Normal spring flows permit this schedule from approximately
midnight to 6:00 AM. However, any high river flows must be com-
pensated for with an increase in turbine usage.

With respect to gill net efficiency, anchor gill net CPUE
was nearly as good as in 1983 and far superior than for the first
3 years of this study (Table 7.6), possibly indicating a larger
run size than estimated.

Hook and line success for 1984 was much greater than the
previous year when only 2 trips were made and a total of 11 shad
caught by this gear. Increased success in capturing adult shad
for tagging by hook and line could also indicate a larger run size
than the estimate but this conclusion is somewhat clouded by the
substantial increase in hook and line effort.

7.5 SUMMARY OF POPULATION ASSESSMENT

The estimates of the number of adult shad utilizing the upper
Chesapeake Bay for 1984 as calculated by the Peterson and Schaefer
methods were 3,814 and 3,537, respectively. This compares with

1983 estimates of 7,127 and 8,031 for these two statistics.
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Increase in hook and line captured shad along with con-
tinued high anchor gill net efficiency indicate a possible larger
spawning run for 1984 than presented by the two formal estimates.

7.6 ADULT POPULATION CHARACTERIZATION

" The following information was collected from adult American
shad during the 1984 tagging operation. Table 7.7 breaks down
these spawners into their respective age groups and also notes

incidence of repeat spawning.

Variable No. of Fish Observed
d ?
Sex 121 130
Sex ratio 1 1,07
length 121 130
weight 1 1
age 121 130

Comparison between 1984-1983:
Slight shift in sex ratio to almost 50:50

Definite shift to younger age groups primarily with
hook and line captured adults

Increased incidence of repeat spawners; 9.2% in 1984
vs. 4.3 for 1983

7.7 SPORT ANGLING SURVEY

The 1984 DNR lower Susquehanna River creel survey began on
April 7 and continued through June 29. The following information

was collected during this period.
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A. Effort/Catch Data:
- estimated # anglers = 20,230
- estimated hours fished = 60,787
- estimated catch = 137,979

B. Estimated Sport Catch of American Shad

1980 = 8

1981 = 118
1982 = 266
1983 = 132
1984 = 351

C. Catch Per Angler Hour and Hours to Catch
1l Fish 1983-1984

1983 1984
Species CPAH HTC CPAH
White Perch 1.180 0.8 0.744
Striped bass 0.027 32 0.298
Channel
catfish 0.248 4.0 0.208
Herring 0.008 124.9 0.013
American 0.001 2 g v It s 0.006
shad

HTC

1.3
3.4

4.8
15.7
172.4

D. A significant change was noted for the estimated sport

catch of hickory shad in 1984,

Catch and catch/effort

data for this species are presented as follows:

Year Est. Catch CPAH HTC
1980 27 0.0002 5,000
1981 39 0.0002 5,000
1982 10 0.0001 10,000
1983 0 0.0 =~
1984 292 0.0048 208.3

E. Key Points 1984 vs 1983:

-170% increase in estimated sport catch of American
shad

-Significant change in catch and angler success for
hickory shad

-Decrease in both estimated angler pressure (32%) and
total catch (64%) over the previous year
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7.8 JUVENILE RECRUITMENT SURVEY

Collection techniques were identical for the 1984 Department
of Natural Resources upper Bay juvenile recruitment survey.
Samﬁling was with a 200" x 10' x %" small haul seine and a
16' headrope modified otter trawl. Sampling was on a bi-weekly
basis with 8 seines and 6 trawl stations being sampled. No
young-of-the-year American shad were collected during this 1984
sampling. Catch compositions for 5 important finfish species
is presented in Table 7.8.

Comparison of 1984 vs 1983 juvenile sampling noted increased
catches for alewife and blueback herring, striped bass and white
perch for 1984. However, numbers of young clupeids remains low,
especially American shad. Reproduction for this species is still
below detectable levels indicating either reduced egg production
from the remant brood stock, adverse environmental conditions,
causing high egg and larval mortality, chemical contamination,

or all of the above.
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TABLE 7.1

Dates fished by gear type during the 1984 upper
Chesapeake Bay American shad tagging operation.

DATE

GEAR TYPES

ANCHOR GILL NET

HOOK & LINE

May

O~y Ul

10

12
13
14
15
16
.7

39
20
21
22
23
24
25
26
27
28
29

X

i

o - -
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TABLE 7.2 Comparison of the total catch, number tagged, number
dead, and percent perceived net mortality by location
and gear type for adult American shad captured during
the 1984 upper Chesapeake Bay shad tagging program
ear Typé Location Catch §Tagged #Dead Mortality
nchor gill Susg. River 125 122 2.4
ook & line Susg. River 126 g9 * ¥ & -
ono. trap Susg. River 158% - -
TOTALS 409 221 J.6%*%

* Fish lift catch minus RMC recaptures of their tagged shad
X** Pinal observed gear mortality based on DNR efforts only
*** 27 fish not tagged via hook & line capture below 350 mm

length minimum

TABLE 7.3 Capture-recapture dates, locations and gear types
for 10 American shad recaptures during 1984 program

ag Recapture Tagging Gear Recapture Gear Days at
ate Date Location Location large
y11 5/22 Susg. R. GN Susqg. R. GN 11
/15 5/24 Susg. R. GN Susg. R. * FL 9
/16 5/26 Susqg. R. HL Susg. R. FL 10
/14 5/27 Susg. R. HL Susqg. R. FL 13
/14 5/217 Susqg. R. HL Susg. R. FL 13
/15 5/27 Susg. R. HL Susg. R. FL 12
/16 5/27 Susq. R. HL Susqg. R. FL 11
(22 5/217 Susg. R. HL Susqg. R. FL 5
/24 5/27 Susg. R HL Susg. R. FL 3
f22 6/14 sSusg. R GN Susg. R. GN 23
GN - gill net HL - hook & line FL - fish 1ift

VII-9



TABLE 7.4 Population estimate of adult American shad utilizing
the  Susquehanna River, Susgquehanna Flats, and the
Northeast River for 1984 by the Petersen Index.

Chapman's Modification to the Petersen Index-

N= (M+ 1) (C + 1) where N = population estimate
R+ 1 M = # of fish tagged
C = # of fish examined for tags
R = # of tagged fish recaptured

For the 1984 Survey -

188
10
221

=wWn
o

Therefore -

N

(22 + 1) (188 + 1)
10 + 1

3,814

i

From Ricker (1975): Calculation of sampling error using the
recapture numbers in conjunction with a
Poisson distribution approximation and
acceptable confidence limits

Using Chapman (1951) =~
N* = (M+ 1) (C + 1)

Rg + 1 where: Ry = tabular value
= (from Rickar p343)

LOWER N* = (221 + 1) (188 + 1)
18.4 + 1 = 2163 @ .95 confidence limits
UPPER N* = (221 + 1) (188 + 1)

C 0 (i X

7361 @ ,95 confidence limits

VII-10



TABLE 7.5 Population estimate of adult American shad using the
Susquehanna River and Flats, and the Northeast River

during 1984 by the Schaefer Method.

A. Recoveries of American shad tagged in successive weeks listed
according to week of recovery; total tagged each week; and fish

SO U e W N

recovered.
Week of WEEKof TAGGING  tagged fish  total C:/Ry
Recovery(j) 1 2 N g 5 6 7 recovered fish 3
(R4) recovered
(C5)
0 0 0.00
0 0 0.00
0 41 0.00
0 131 0.00
2 2 83 41.5
6 2 7 113 I £
y 5 & 18 18.1
Tagged fish
srecovered 0 0 0 ) 3 0 0 10
(Rj)
Total fish 0 0 31 108 61 21 0 221 386
tagged
(Mj)
Mj/Rj 0 0.0 0.0 -15.4 20,3 0 O

B. Computed totals of American shad in the Susquehanna River and Flats
and the Northeast River during 1984.

Week of Tagging

Week of ' :

Recovery (j) 1 2 3 4 8 s 6 7 Totals
1 - = = - - = -

2 & - - - - = =

3 - e = " S = e

4 = = = - & =~ -

5 = = = 1,378 = - = 1,278
B - - - 1,240 654 - = 1,894
7 = = - = 365 = = 365
Totals - - - 2508 31,039 = - 3,537
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TABLE 7.6 Catch, effort and catch per unit effort (CPUE) for adult
American shad captured by anchor gill nets during the
1980-1984 upper Chesapeake shad tagging program.

Anchor Gill Total Yd2-hours de—hours to
Nets Year Catch net fished catch 1 shad
1980 115 31,600 275
1981 228 59,591 261
1982 277 93,200 336
1983 213 8,311 39
1984 125 7,822 63
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TABLE 7.7 Age frequency distribution and spawning history by sex
and gear type for adult American shad collected by
Maryland DNR during 1984.

GEAR TYPE SEX AGE GROUP TOTALS
III IV v vIi VII
Anchor Gill m 10 20, ) 44
Net rpts. 1 12 3 16
¥ 3 48 28 2 81
rpts. 2 5 7
Hook & Line m 30 33 8 5 76
rpts.
f 11 24 19 3 48
Grand Totals m 30 43 35 12 120
rpts. 1 12 3 16
£ 14 72 38 5 129
rpts. 2 5 7
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PI-1IA

TABLE 7.8 Juvenile catch composition of five species taken during juvenile
recruitment survey in upper Chesapeake Bay and Susquehanna River,
1980-1984.
Species Gear 1981 1982 1984
total total total total CPUE
American hs 0 0.0 0 0.0 0 0 0 0.0
shad ot 0 0.0 0 0.0 L 0 0 0.0
Blueback hs 108 0.6 2 0.01 130 0.8 1 40 0. 315
herring ot 27 0.3 0 0.0 8 o 2 17 0.21cC
Alewife hs 194 2 {80 | 108 0.8 14 D1 Y 0.087
herring ot 38 0.4 33 0.4 14 0.1 49 0=721
White hs 1315 s 2 174 1.3 1660 10.1 914 Te K97
perch ot 1453 4.4 347 3.8 3973: 37.8 2410 35.44
Striped hs 55 0«3 8 9 & 235 l.4 22 0.173
bass ot 8 0.1 0 0.0 49 0.5 10 0.147

hs=haul seine;

ot=otter trawl








