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'Ihe 1993 Amrual Report of the SUsquehanna River Anadrainls Fish Restoration 

Committee presents results fran rrumerous activities ard stLrlies directed at 

restor.i.rg American shad to the SUsquehanna River. '!his was the ninth year of a 

10-year program to reb.lild stocks based on hatchery releases an::1 natural 

reprcrluct.ion of adult shad collected at the Conowin3'0 Dam fish lifts an::1 

transferred upstream to spawn. Considerable efforts this year were dedicated to 

evaluatirq juvenile shad passage at several hydroelectric dams an::1 assessment of 

downstream migration fran the river. 'Ille restoration program represents a 

~ commibnent of state an::1 federal fishei:y resource agerx::ies an::1 private 

utility c:x:arpanies to return shad an::1 other migratory fishes to historic spawnin;J 

ard nursery waters above dams in the SUsquehanna River. 

'Ihe 1993 population estimate for adult American shad in the \JH?e,r Oiesapeake Bay 

ard lower SUsquehanna River was 47,563 fish (Petersen Il'rlex). '!his was baSErl on 

recapture of 117 shad fran a tagged p::p.ilation of 400 fish. Tagg.inJ was 

coirlucted by the Marylard Department of Natural Resources us.inJ :r;::a.m nets at the 

head of the Bay ard arql:i.rq in the Conowin:;Jo tail.race. All of the tag returns 

used in this analysis came fran the Conowin:;Jo lifts. F.stimated stock size in 

1993 was 55% less than in 1992 ard continued a 2-year decline f:ran 1991's record 

estimate of 141,000. 'llle apparently reduced stock is partially explained by 

record river flows in April which delayed trap operation start-up by one nx:mth. 

However, nx::>St shad stocks alarq the Atlantic Coast experierx::ed similar declines 

in 1993, pertlap.s related to unusual climatological events. 

Several i.mprovem:mts were made to trap ard transfer operations in 1993 includin:J 

develoµoont of new holdirq facilities at the Fast lift. Both fish lifts at 

Conow.i.rgo Dam began operations on 4 Mayard continued daily through mid-June. 

A total of 1.243 million fish rep~ 37 taxa was han:lled, down fran almost 

4 million fish in 1992. Gizzaro. shad cx:mpriSErl 94% of the total catch. Alosa 

species included 13,546 American shad, 8, 626 blueback herrirg, ard 572 alewives. 

No hickory shad were taken. 
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American shad catch in 1993 was 12,175 (47%) fewer than in 1992. Blueback am 
alewife rrumbers were down 75% and 84%, respectively, and the last year in "1hich 

hickory shad failed to appear was in 1979. 'Ibe West lift ac:x::ounted for 5,343 

American shad, 4,052 bluebacks, arxi all alewives. 'Ibe East lift took 8,203 

American shad and 4,574 bluebacks. catch per fishirg boor for American shad at 

both lifts was 16.2, slightly lc:,r,,.ier than the 20.8 recorded in 1992. 

overall sex ratio of shad in lift collections was 1 . 3 to 1 favorirg males. Males 

rarqed in age frcm III to VI (86% @ IV-V) , and females were IV to VII (87% @ V­

VI) • Based an scale analysis of 230 shad, 26 (11. 3%) were repeat spawners of 

which 4 fish had two spawnirg checks. 

otoliths were SUCXJeSSfuliy examined fran 124 adult shad sacrificed at the fish 

lifts. Of these, 21 (17%) showed wild microstructure and oo tetracycline tags. 

All remainirg sanples had hatche.l:y microstructure arxi 99 of 103 also emibited 

'IC marks irx::ludin;J sirgle, double, triple, and quadruple :immersion treatm:mts. 

'lwo otoliths displayed feed tags. Since 1989, the corrected hatche.l:y canpanent 

of the return poµ.ll.atian at a:m::,wirgo has rarged fran 67% to 1993's high of 83%. 

Frequen=y of tmma.rked otoliths with hatche.l:y microstructure has declined, as 

eJq?eCted, fran 48% to 4%. A seoon:i otolith sanple fran 48 shad taken in~ 

nets in the Upper 01.esapeake Bay were 52% wild arxi 48% hatche.l:y, in:licatirg that 

a substantial portion of the shad pcp.ilatian in the upper Bay are probably rot 

imprinted to retm:n to the SUsquehanna River to spawn. 

A total of 11,171 American shad was transported to potential up;tream spawnirg 

areas with less than 6% observed transport DDrtality. Most shad were stocked at 

the Tri-ca.mty Boat Club above York Haven Dam, with smaller mnnbers beirg 

released at swatara Creek arxi Columbia. A total of 1,333 river herrirg was 

stocked at Middletown arxi 2,302 were provided to Maryland tNR for release into 

the Patapsco River which is urrlergoirg restoration. 

'!be Pennsylvania Fish and Boat Cnnroissian (PFOC) operated the intensive shad 

culture facility at Van Dyke and rearirg ponds at 'll1aiq:lsont.o and Upper Sprirg 

Creek. r:m-irg the period 10 May to 15 June, 19. 72 million shad eggs were 

delivered to Van Dyke fran the Delaware River (9. 30 M) , the Hudson River (2. 97 

M), arxi the Connecticut River (7.45 M). overall viability of these eggs was 61%, 
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arrl product.ion for the SUsquehanna anounted to 6. 54 million fry and 79,400 

fin;erlin:;Js. Additionally, Van Dyke reared 538,800 Panumkey River fry for 

Virg:inia Game an:l Inland Fisheries for stocki.rq the Jaioos River, and 789,600 

Delaware source fry were stocked into the I..ehigh River. 

Shad fry prcduce.d at Van Dyke "'1ere distinctively marked with one to five separate 

immersions in 200 ppn tetracycline ('IC). Rm:i-reared fin;erlin:;Js also received 

feed tags. All fish produced by PFOC for the SUsquehanna program in 1993 were 

stcx::ked in the Juniata River at 'lbarq:lsont:a.. 

Maryland. WR supported parrl production of abalt 100,000 fin;erlirg shad (mixed 

with bluebacks) at Elkton, MD. 'lbese resulted fran a fry stocki.rq of abalt 

185,ooo shad fran Van Dyke. mR's Josep1 Manni.rq Hatchery successfully reared 

shad fry fran Connecticut River eggs and fran natural spawnirq of adults taken 

from the West lift at Conc:Mi.n:Jo. Researchers at Manni.rq hatchery were successful 

in applyirg coded wire tags to juvenile shad an:l stocked am.rt 1,000 of these 

specially marked fish into the Patuxent River. Manni.rq also provided am.rt 

300,00o+ shad fry to Potanac Electric Power o:mpany for pord and tank culture at 

their Cllalk Point aquaculture facility. About 92,000 tetracycline-marked {ilase 

n fin;erlirg shad were stocked into the Patuxent River at three locations 

between late Octo1:e.r and mid-November. 

As in past years, ronsiderable effort was devoted to assessirg abun:iance, growth, 

instream m:,venents, and source of juvenile shad durin; summer nursecy an::l autumn 

oubnigration fran the river. In 1993, shad were sanpled with seines at several 

sites above and below York Haven O:mt; with cast nets an::l a sluice net sanpler at 

York Haven Dam; with lift nets at Holtwcxxl; fran cx:x:>lirg water intake strainers 

arrl screens at Safe Hamor, ~o an:l Peach Elottan; an::l by electrofi.shin;J in 

the upper Olesapeake Bay. 

River flows durin; Sl.lilllier an:l fall i:ronths were generally stable and below 

average. Gcx:xi numbers of shad were rollected with seines at Marietta, COlumbia 

arrl Pequea durin:;J mid-July through mid--Octd)er and nnst (84%) were naturally 

prcduced. o.rtmgration fran the river cx::curred durirg the pericxi 25 Octo1:e.r 

thrc:ugh 16 November ard otolith analysis of lower river sluice, seine, lift net 

ard strainer/screen shad samples ooted the shift in abun:iance to hatchery fish 

as this carponent passed. 
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Both wild arx:l hatcheiy shad grew well in the SUsquehanna (1 mm/day) with wild 

fish shcMirg slightly larger ne.an sizes. catch per effort (CRJE) of juvenile 

shad with seines in 1993 was a::mq:iarable to that in 1992. Hc:1Never, CEUE in all 

other lower river collections was many tiJoos greater than that recorded last 

year. Marylarx:l I:NR collected 67 juvenile shad in the upper Chesapeake Bay by 

electrofisher (31) arx:l seines (36). '!his canpares to only 4 taken shad in 1992. 

Oller 600 shad fran collections at Amity Hall, 'lllree Mile Islarx:l, York Haven, 

Marietta, Coltnnbia, Holtwood, Peach Bott.an arx:l Cooowir:qo were retm:ned to Benner 

Sprirq for tetracycline mark analysis. otoliths fran 356 fish (58%) were 

urnnarked arx:l displayed wild microstructure. '!his canpares to 39% wild fish in 

1992, 21.5% in 1991 arx:l only 1-4% in earlier yea.rs. All fish examined fran upper 

Bay collections were wild. 

Rate of reo:Nery of Hudson, Connecticut, arx:l Delaware River fish was dispropor­

tionate to their stoc::kirq numbers. Hudson fish canprised only 17% of total fry 

stocked but 49% of all marked recoveries. Connecticut River fry made up 45% of 

the total release at 'lllcanpsontown but only 8% of juvenile returns. D:tl.aware 

source fry showed an intennediate recovery rate relative to stockirg numbers. 

Pan:i-rea.red firqerlin:Js released at 'lll~ were well represented in late 

season catclles arx:l made up 10% of all marked recoveries. 

Urrler direction of the SUsquehanna River Technical camnittee, a juvenile American 

shad turbine survival stu:ly was canpleted at Cooowir:qo D:lm. Usirq a canbinatian 

of radiotags arx:l the balloon tag technique developed by RC Environmental 

Services, 108 shad were passed through a newly installed mixed-flow Kaplan 

turbine (Unit 8) durirq 28 October through 6 November. An equal nurnbP..r of shad 

were tagged arx:l released as controls into the tailrace. Recapture rates for the 

test arx:l control groups were 88% arx:l 93%, respectively. Estimates for immediate 

arx:l 48- hour delayed survival through the turbine were 95% arx:l 93%, respectively. 

Urrlel:water strobe lights arx:l high frequency sourrl generators were used 

irxiependently arx:l in canbinatian to direct rut:m.igratirq juvenile shad to the open 

trash sluice arx:l to minimize turbine entrainment at the York Haven project. 

strobe lights arx:l sourrl generators were effective in repellirq shad. In 

Weperrlent tests of the devices hc,,,,1ever, both failed to awreciably keep fish 

frcm ~irq through turbine mrits closest to the sluiceway. '1his was partially 
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explained by unusual hydraulic con::titians in the headrace caused by unit 2 outage 

and unit 1 operations at only 50% load. 'Ihe canbined strabe/soon::i tests appeared 

to be :nnst effective in avoidi.r:g turbine entra.i.rmant. 

Anerican shad egg cx:>llections, hatchery a..tlture and markirg, juvenile recovery, 

adult and juvenile shad mark analysis, and new equiptent p.n:chases were fumed 

fran the 1985 settlenent agreement with upstream utilities. 'Ihis furrlin;J soorce 

provide1 $353, 836 in 1993. Upstream licensees cx:>operated with SUSquehanna 

Electric Company (SEXX>) in separately coverin:J costs associated with lift 

operations, cx:>llectian, sortirq and truck.inJ of shad fran Conowin;Ja n:un. 

SEO) paid for strainer and screen diecks for juvenile shad at Conowin;Jo n:un and 

Peach Bottcm and the turbine sw:vival stooy at Conowin;Jo. Metropolitan Edi son 

Company paid for the strabe/soon::i studies at York Haven dam, and staff at the 

safe Harbor project sampled their CX>Olin:J water stainers for juvenile shad. 

Maryland r.NR furrled the adult shad population assessment, juvenile shad 

electrofi..shm;J and seini.n;J in the upper Chesapeake Bay I and shad aJl ture at their 

Mann.llxJ hatchery. 

On June 1, 1993, upstream licensees and intaveners met in Harrisburg and signed 

an agreement to design, cx:instruct, and evaluate perfarman:::e of permanent: fish 

passage facilities at Holtwocx:l, safe Harbor, and York Haven dams. state--of-the­

art lift facilities will be operational at the lower two projects no later than 

April 1, 1997, and at Yark Haven within 3 years thereafter. Fish passage 

technical advisory cx:mnittees were established for each project. Licensees 

further agreed to continue trap and transfer of adult shad fran ConcMin:jo tmtil 

passage facilities are operational at Hol twood and safe Harbor, and to maintain 

sufficient furdi.nJ for shad egg cx:>llection and hatchery operations tmtil all 

three devices are on-line . 

.Additional infannation on activities discussed in this Armual Report can be 

obtained fran irx:li.vidual Joo authors or by contacti.rq the SUsquehanna River 

Coordinator at the address below. 
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JOB I. SUMMARY OF THE OPERATIONS AT TIIE CONOWINGO DAM FISH 
PASSAGE FACILITIES IN SPRING 1993 

RMC ENVIRONMENTAL SERVICES, INC. 
Muddy Run Ecological Laboratory 

1921 River Road 
P.0.Box 10 

Drumore, Pennsylvania 17518 

INTRODUCTION 

Philadelphia Electric Company (PECO) has operated a fish passage facil ity (West Lift) at 

its Conowingo Hydroelectric Station since 1972. Lift operations are part of a cooperative private, 

state, and federal effort to restore American shat! and other migratory fishes to the Susquehanna 

River. In accordance with tht! restoration plan, the operational goal has been to monitor fish 

populations below Conowingo Dam and transport pre-spawned migratory fishes upriver. 

In 1988, PECO negotiated an agreement with state and federal resources agencies and 

private organizations to enhance restoration of American shad and other anadromous species to the 

Susquehanna River. A major element of this agreement was for PECO to construct an east side 

fish lift at Conowingo Dam . Construction of the East Lift commenced in April 1990 and it was 

operational by spring 1991 . 

Prior to installation and operation of the East Lift, Susquehanna Electric Company 

(SECO), a subsidiary of PECO, had responsibility for funding the trap and transport operations_ 

Completion of the East Lift shifted funding responsibility for trap and transport operations to the 

Pennsylvania Power and Light Company, Safe Harbor Water Power Corporation, and 

Metropolitan Edison Company (collectively termetl Upstream Licensees). However, funding fo:r 

the 1993 operation and maintenance of the East and West Lifts remained with SECO. 

Objectives of 1993 operation were to: (1) continue to assess the operation of the East Fish 

Passage Facility, (2) continue restoration efforts by the trap and transport of pre-spawned 

American shad and river herring, (3) monitor species composition and relative abundance of 
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agreement between PECO and the resource agencies. turbine units I and 2 were shut down when 

river tlows were less than 65,000 ds. Lift operation was consistent with the 1993 Susquehanna 

River Technical Committee Work Plan. 

A PC-based data management and reporting system was developed to provide project data 

and reports. The system was composed of IBM compatible equipment (386 PC, 4 M RAM, one 

31h" diskette drive) and incorporated PC-SAS and the use of the Scriptwriter II Data Entry 

System. 

At the end of each day, after biologists completed recording lift, holding, transport, and 

pertinent biological data using the Scriptwriter pad, the data was transformed into ASCII files and 

uploaded to the PC. The ASCII tiles were read into PC-SAS to produce a quality assurance listing 

that was reviewed the following day. Noted corrections were made to the ASCII tiles using the 

data editing system. Following the quality assurance check, a daily summary was produced. The 

ASCII files were appended to a master ASCH tile that contained previous days' data. Thus, the 

master file was kept correct and current at all times. From this file, daily, weekly, and annual 

reports were generated. Generally, the data entry and reporting system, developed and 

implemented. improved eftidem;y and performed well. 

1.1 East and West Lift Operation 

Lift operation was delayed until early May due to a Jong period of sustained high natural 

river tlow that resulted in a 39 day period of spill which began on 25 March and continued 

through April. Daily lift operation (0700 to 1900h) at both faci lities commenced on 4 May one 

day after spill had stopped and continued through 12 June. Half-day operation (0700 to 1300h) 

occurred on l3 and 14 June at the East fish lift and from 13 to 17 June at the West fish lift. Lift 

operations were terminated at the East and West I ifts un I 4 and 17 June, respective! y. 

Work stoppages due to mechanical/electrical failures or maintenance occurred infrequently . 

The lifts were operated in the most efticient manner possible around each problem to minimize 
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outage time and maximize the catch. At the East Lift minor outages occurred on 19 and 20 May 

due to problems with the hopper hose assembly. On 4 June spill gate B and the downstream weir 

gate controls malfunctioned and rendered this equipment inoperable for the remainder of the 

season. A minor outage occurred at the West Lift on 4 June that involved a control problem with 

the crowder that prevented it from traveling forward. However, this was quickly resolved and lift 

operation continued until June 17. 

The mechanical aspects of West 1 ift operation in 1993 was similar to that described in 

RMC (1983), while the East lift operation was similar to that described in RMC (1992). Fishing 

time and/or lift frequency was determined by fish abundance and the time required to process the 

catch. The hopper was lifted at least hourly throughout the day. Two modifications to normal 

operation were utilized at both facilities (excepting design differem:es between the East and West 

lifts) to reduce the large numbers of gizzard shad and/or common carp attracted to the lifts. First, 

operation "Fast Fish" ' (RMC 1986), which reduced the mechanical delays associated with normal 

operation was employed during periods of high fish density. Second, the weir gate settings were 

adjusted and operation in the "Fast Fish" mode was continued until the fish density was reduced. 

Normal lift operation was resumed when conditions returned to a level which did not unduly stress 

the collected fish. These conditions were determined by the I ift supervisor. 

At the East lift, efforts to improvt:! lift efficiency continued in 1993. Matrix charts 

developed during 1991 and 1992 were expanded upon and used during 1993. The matrix charts 

contain pond and tailrace elevations, turbine unit operation, fish abundance, and list the various 

gate settings for efficient lift operation. These settings are changed throughout the day to 

correspond to changes in hydraul ic conditions and fish abundance in an effort to maximize the 

catch of American shad. 

•operation "Fast Fish" involves leaving the crowder in its normaJ fishing position and raising the 
hopper frequently to remove fish that accumulate in the holding channel. 
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Water velocities at the entrances and within the crowder channel at the East lift were 

established to maximize the American shad catch. USFWS guidelines recommended water 

velocities of 0.5 to 1.0 fps in the crowder channel and 3.0 to 8.0 fps at the entrances. 

Attraction velocity and flow at the West lift were similar to those maintained since 1982 (RMC 

1983). Hydraulic conditions were maintained in the area of the Lift between the crowder and weir 

gate entrances similar to that reported in RMC (1983). Modifications to weir gates and house 

service unit settings were made during periods of high fish density and were similar to those 

previously reported (RMC 1986). 

Minimum flow releases followed the schedule outlined in the settlement agreement. Due 

to the high river flow in early spring, station discharges exceeded the minimum flow requirement 

(10,000 cfs) for the entire month of April. Minimum flows of 7,500 and 5,000 cfs were 

maintained from l through 31 May, and l through 17 June, respectively. Generally, Units 5 and 

6 were used to meet minimum flow releases in May. Unit 5 was used in June. 

1.2 Disposition of Catch 

Fishes were processed according to procedures described in RMC 1983. Fish were either 

counted or estimated (when large numbers were present) at each lift and released back to the 

tailrace. Data (i.e., length, weight, sex, spawning condition, scales and/or otolith) on American 

shad were taken from those sacrificed, or that died in handling and transport. Per the 1993 SRTC 

Work Plan, every 100th shad collet.:ted per each Lift was sacrificed to obtain otoliths for stock 

identification study by the Pennsylvania Fish and Boat Commission (PFBC). In addition, muscle 

and liver tissue, scale samples, lengths, and weights from American shad were provided to 

researchers from Virginia Commonwealth University for mitochondrial DNA analysis to determine 

the genetic origin (hatchery vs wild) of shad. 

American shad scales were cleaned, mounted, and aged according to Cating (1953). The 

procedures employed to determine age structu"re and spawning history were similar to those used 
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by MD DNR, and were validated previously. 

1.3 Holding and Transport of Shad and River Herring (East and West Lift) 

The primary objective of the project is to trap migratory fish at Conowingo and transport 

American shad upstream of the uppermost hydroelectric project (York Haven) on the Susquehanna 

River. Generally, transport occurred whenever ~ 100 green or gravid shad were collected in a 

day, or at the supervisor's discretion if fewer shad were collected. As feasible, 5,000 or more 

river herring were scheduled for transport to Upper Chesapeake Bay tributaries to assist MD DNR 

with their restoration activities. When possible, river herring were also transported upriver. The 

primary release site for Ameril:an shad and river herring was the Tri-County Boat Club Marina 

(Tri-County) located on the east shore of the Susquehanna River above York Haven Dam. PFBC 

access areas at Swatara Creek and Falmouth were utilized on a discretionary basis to minimize 

delays in stocking tish pending each transport crew's assessment of conditions at Tri-County. The 

PFBC access at Columbia was utilized late in the season to reduce transport time and stress on 

fish. Several additional stocking locations were utilized to release radio tagged American shad for 

assisting in the fishway siting studies conducted for each of the Upstream Licensees. 

Several improvements were made to enhance transport survival from the East Lift. A 

holding fadlity was constructed prior to the start of the season. This involved the relocation of 

steps to the sorting tank. platform construction. purchase and installation of two 1,000 gallon 

circular tanks, installation of chutes from the sorting tank to each holding tank and installation of 

an aeration system that utilized bottle<l oxygen. Other improvements included the installation of 

large gas tanks to each circulating water pump on all transport trailers and the installation of an 

additional 4 ft steel plate between the stop-log crane rails at the East Lift. 

To increase the dfo.:iency uf the transport program at both lifts , American shad and river 

herring were held until sufficient numbers were collected to warrant transport. Holding facilities 

at each lift consisted of black circular tanks (two 1,000 gallon capacity tanks at the East Lift; 4 
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tanks: two 1,000 gallon and two 800 gallon capacity at the West Lift) , continually supplied with 

river water. Each tank was titted with an aeration system that utilized bonled oxygen. Each tank 

was tined with a cover to prevent fish escape and reduce stress. 

Fish were transported in 1,000 gallon circular truck mounted transfer units from the West 

Lift while those collected at the East Lift were transported in 750 gallon circular trailer mounted 

units. Although improvements were made to enhance East Lift handling, holding and transport, 

the basic procedures employed at both lifts in 1993 were similar to those used previously (RMC 

1986, 1992). 

2.0 RESULTS 

2.1 Relative Abundance (East and West Lift) 

The relative abundance of fishes at each facility in 1993 is presented in Table 1. Fewer 

fish were collected at both fish fifts as compared to 1992. Sustained high river flow in April 

delayed operation of the lifts until 4 May, resulting in fewer fishing days in 1993 and was in part 

responsible for the reduced catch. Nu new species were collected in 1993 as compared to previous 

years of operation (RMC 1992). 

A combined total of 1,242,748 fish was collected (Table 1). The East lift accounted for 

529,594 fish of 29 taxa while the West lift collected 713,155 fish of 37 taxa. A total of 13,546 

American shad (East=8.203: West=5,343) was 1.:aptured. Alosids (American shad, blueback 

herring, and alewife) comprised 1.8% of the total catch. No hickory shad were captured at either 

lift, while alewife were ohl y captured at the West lift. Gizzard shad dominated the catch and 

comprised 94% of the total . Although carp comprised only 1.2 % of the total combined catch, 

they were a nuisance problem at both lifts during the laner part of the season and interfered with 

efficient sorting of alosids. 

2.2 American Shad Catch (East and West Lift) 

ln 42 days uf operation at the East lift. a total of 8,203 American shad was captured 
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(Table 2) . The West lift operated a total of 45 days and captured 5,343 American shad (Table 3). 

Approximately 82% uf the total shad captured were transponed. A total of 2,352 shad was 

released back to the tail race due to advanced maturation of fish and hooking injury. The 

remainder consisted of shad transported in combined loads, MD DNR recaptures, holding and lift 

monaJities, and those sacrificed. 

American shad were collected at both lifts on 4 May (first day of operation). Nearly 62% 

(8,356 shad) of the shad were collected between 9 and 22 May. The peak day occurred on 16 

May when 1,061 shad were captured at the East lift and the West lift collected 1,191 shad. 

During the period 23 May to 5 June, 3.365 shad were caught and accounted for nearly 25% of the 

total catch. 

American shad were collected at water temperatures of 60.5 to 76. 7 F and at natural river 

flows of 12,500 to 76,000 cfs (Figures 3 and 4). Over 90% of the shad were collected at water 

temperatures > 65 F (Table 4) due in part to the lack uf lift operation during April when water 

temperatures are general I y < 65 F. 

The catch per effort (CPE) of American shad at the East lift varied by station generation, 

weekend or week day, and time of day (Tables 5, 6, and 7). The overall CPE was lower on 

weekdays (14.6) than on weekends (31.7). Generally, during both periods, catches were greatest 

between 1500 and 1900 h although some relatively high catch rates were observed prior to 1100 h 

for both periods. Catch rates were independent of turbine units 10 and 11 operation at station 

discharge of 10,000-65.000 ds (Table 7). However, the catch rate was highest (54.8 fish per 

hour) when Unit I 1 was off and Unit 10 was varying in generation. 

2.3 Sex Ratios (East and West Lifts) 

Sex of American shad was determined by visual macroscopic examination; the resulting 

data were used to calculate the sex ratios at each lift. Differences in sex ratios between the lifts 

were minimal and thus were pooled for examining a general trend. Generally, when the daily 
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catch exceeded 100 shad, a minimum subsample of 100 fish per lift was examined; when the daily 

catch was less than 100 shad all were examined. A total of 5,892 shad was sexed. The sex ratios 

are provided in Table 8. The combined male/female ratio observed in 1993 was l.3:1. Males 

comprised nearly 61 % of the total catch in May while females comprised 56% of the catch in 

June. 

2.4 Age Composition of American Shad (East and West Lifts) 

Scale samples of 230 shad were aged (Table 9). Males were III to Vl years old while 

females were IV to VII years old. Almost all the males were IV to VI years old, with age group 

V dominating. Almost all the females were V and VI years old. Most males and females were 

virgins. Of the 118 males. 15 (12.7%) were single repeat spawners and 1 (0.8%) was a double 

repeat spawn. Seven (6.3%) females were single repeat spawners and 3 (2.7%) were double 

repeat spawners. The overall rep~at spawners were 11.3%. slightly lower than the repeaters in 

1992 (15%). 

Females were larger than males in the sampled population (Table 9). The smallest male 

measured 312 mm fork length, the smallest female was 380 mm. The average length of males and 

females were 402 and 457 mm, respectively. 

2.5 Maryland Tag-Recapture (East and West Lifts) 

Including multiple recaptures, 226 MD DNR tagged American shad were recaptured in 

1993; 124 at the East lift and 102 at the West lift (Table 10). Of the 226 shad recovered, 7 were 

tagged by MD DNR in the tailrace in 1992 and l in a pound net in 1991. The MD DNR tagged 

412 shad in 1993; 159 from pound nets in the upper Chesapeake Bay and 253 by hook and line in 

the Conowingo tailrace. Of the 117 first time MD DNR recaptures, 98 were tagged in the tailrace 

and 19 in the pound nets. The 19 shad from pound nets averaged 16.1 days free before capture, 

while those in the tailrace averaged 8.5 days free. 
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2.6 Otht!r Alosids (East and West Lifts) 

A totaJ of 8,626 blueback herring was collected (Tables 2 and 3). Blueback herring were 

first collected on 4 May at the East lift. Blueback herring were common from 6 to 17 May at 

water temperatures ranging from 61.9 to 69.7°F. 

A totaJ of 572 aJewife was collected, exclusively from the West lift (Tables 2 and 3). 

Alewife were captured only during the first 8 days of West lift operation when water temperatures 

ranged from 60.5 to 68.8°F. Nearly 61 % of the aJewife were captured on 5 May. 

The combined catch of river herring (blueback herring and alewife) from both lifts was 

9,198. It was lower than the tOtaJ catch observed in recent years (RMC 1992). No hickory shad 

were captured at either 1 ift in 1993. 

2.7 Transport of American Shad (East and West Lifts) 

Pre-spawned Amerkan shad were transported from 5 May through 16 June. Over 82% of 

the American shad catch was transported to upstream spawning areas with an overall observed 

stocking survival of 94.3% (Table 11). A total uf 11,171 shad were transported; 6,983 from the 

East lift, 3,973 from the West lift, and 215 in combined transports. Some 8,479 shad were 

stocked directly to the Susquehanna River at Tri-County Marina. Additionally, 1,884 shad were 

released at the PFBC Columbia access and 228 shad were stocked at the PFBC Swatara Creell: 

access. Smaller schools of shad totalling 580 tish were released at other upstream locations as part 

of a radio telemetry study funded by the Upstream Licensees. 

Transportation of shad occurred on 25 and 29 days from the East and West lifts, 

respectively (Table 11). The number of transport trips per day at the East Lift ranged from 1 to 

7, while West Lift transports ranged from l to 4 per day. East transport load size varied from 49 

to 179 shad per trip. The load size of transports originating from the West lift ranged from 10 to 

293 shad per trip. Transport survivaJ ranged from 65 to 100% from the East lift while West lift 

transport survival ranged from 94.9 tu 100% . Shau were transported at water temperatures of 
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62.6 to 78.8°F. 

Holding fadlities at both lifts were utilized to reduce stress, maximize transport operations, 

and release larger schools of fish. A total of 873 shad was held over at the East lift with no 

holding mortalities , while 983 shad were held over at the West facility with a total of 13 holding 

mortalities. 

A total of 215 shad were transported upstream in combined transports. The average 

transport survival for the three trips was 94%; load size ranged from 27 to 124 shad per trip. All 

shad from these combined transports were released at Tri-County Marina. 

2.8 River Herring Transport 

During 1993, a total of 1,333 river herring (14.5% of total 1.:atcb) was transported 

upstream and released at Tri-County Marina (Table 12). The transports included 203 alewife and 

1,130 blueback herring. Herring were transported between 6 May and 30 May with 100% 

survival. 

A total of 2,302 blueback herring was transported to Chesapeake Bay tributaries by the 

MD DNR. All uf the herring were stockt!d in the Pataps1.:o River drainage, which is undergoing 

fish passage development, concurrent with anadromous fish re-introduction. 

2.9 Delayed Transport Mortality 

lo 1992, a monitoring program was instituted to collect any dead shad observed at the 

release sites (Tri-County, Columbia, etc.). This program was continued in 1993. Two biologists 

searched the shoreline at least three times weekly above and below eai;h release site for evidem;e 

of dead or dying fish. 

The release sites were checked on a total of 24 days beginning 8 May and continued until 

transport ceased from both fish lifts. These efforts resulted in the recovery of 194 dead shad 

(1. 7 % ) of the total shad transported. In 1992 delayed transport mortalities were estimated at 5 % _ 
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3.0 DISCUSSION 

The American shad run is primarily dictated by natural river flow and water temperature. 

The catch at the fish lifts was primarily dictated by variations in station discharge (peak load vs. 

reduced generation), natural river tlow, and water temperature. 

The sustained high natural river flow ( > 150,000 cfs) in early spring, particularly in April, 

delayed fish lift operations until 4 May. Based on previous years' data and experience, it is 

estimated that 264 hours of lift operation per facility was potentially lost due to the late start. It 

appears that the reduced American shad catch of 13,546 was at least in part due to the inability to 

operate the lifts in April. However. must clupeid runs along the East coast in 1993 have 

experienced noticeable dedines compared to pas1 years. The reasons for this decline are unknown 

at present. 

Although fewer American shad and river herring were trapped and transported in 1993, 

improvements were made in the trap and transport operation. SECO overhauled the West lift and 

made modifications to the East lift which reduced down time due to mechanical and electrical 

breakdowns. The installation uf a twu-tank holding facility at the East lift coupled with other 

facility/equipment modifications were undertaken and helped reduce stress and improve transport 

survival of fish. 

Most transport mortalities (62 % ) occurred during the first seven days of lift operation. A 

higher velocity within the transport tank and larger load size may have caused these mortalities, 

particularly at the East Lift. Thus, velocity in each transport unit was checked and maintained at 

the desired level of 1 fps prior to loading of American shad and herring. Additionally, load size 

of fish transported was reduced to prevent undue stress due to crowding. Finally, on very hot 

days or when large numbers of shad were being captured, the transported fish were released at the 

PFBC Columbia access which shortened the trip by approximately one hour. These steps appeared 

to improve transport survival and will be incorporated as part of standard transport operating 
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procedures. 

4.0 RECOMMENDATIONS 

1. To maximize transport survival in trailer mounted transport units, seal the seam of 

each unit's tank with fiberglass co minimize disruption of flow conditions that result from 

leakage. (NOTE: the seam in the tank of the transport trailer unit received during the 

1993 season was sealed prior to placing the unit in service). 

2. Investigate and change the surge brake system on each trailer mounted transport 

unit to a vacuum brake system based on findings of a feasibility study to maximize 

personnd and publii.: safoty. 
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Table 1. Catch of fishes at the Conowingo Dam 
Fish Lifts, 1993. 

LOCATION 
NO . OF DAYS 
NO. OF LIFTS 
OPERATING TIME (HRS) 
FISHING TIME 
NO. OF TAXA 

AMERICAN SHAD 
BLUEBACK HERRING 
ALEWIFE 
GIZZARD SHAD 
COMMON CARP 

•STRIPED BASS 
American eel 
Rainbow trout 
Brown trout 
Muskellunge 
Cornely shiner 
Ouillback 
White sucker 
Shorthead redhorse 
Yellow bullhead 
Brown bullhead 
Channel catfish 
White perch 
Rock bass 
Redbreast sunfish 
Green sunfish 
Pumpkinseed 
Bluegill 
Srnallmouth bass 
Largemouth bass 
Yellow perch 
Walleye 
Sea lamprey 

EAST 
42 

848 
463.5 
421.2 

29 

8203 
4574 

504116 
6649 

327 
49 

5 
53 

9 
3563 

540 
82 

184 
2 
1 

534 
215 

10 
34 

1 
2 

58 
185 

12 
46 
71 

4 
Striped bass x white bass 64 
Tiger muskie 1 
Spotfin shiner 
White catfish 
Margined madtorn 
White crappie 
Black crappie 
Brook trout x lake trout 
Sunfish hybrids 

TOTAL 529594 

Note : No Hickory shad were collected 

14 

WEST 
45 

1032 
505 . 4 
416 . 7 

37 

5343 
4052 

572 
666010 

8488 
1595 
1487 

4 
98 

9 
7358 

746 
59 

858 
19 
73 

10841 
3892 

90 
170 

10 
22 

200 
227 

84 
318 
217 

5 
112 

2 
10 
97 
12 
62 

7 
5 
l 

713155 

at either fish lift in 1993. 



Tal)la 2. Oa\ly s ummary of f\snas collactao at tne Conowlngo Dam Eaat Lift, 4 M•y tnrough 14 June, 1993. 
Note tn•t no H\ckory &had war-a collected In 1993. 

DATE 04MAV OSMAY 06MAV 07MAV 08MAV 09MAV lOMAV I IMAY 12MAV 13MAV 
NO 01' LIFTS 17 IS 23 21 23 21 22 21 21 2S 
FJRST LIFT 7130 7:27 71 16 7 I 12 7: 10 7106 7103 7109 7: 13 8 :35 
LAST LIFT 19:30 18:56 18137 18:43 18:42 18:51 18:36 19140 18 :30 18 :2C 
OPERATING TIME (HRS) 1 I. 0 11 .5 11. 4 II .S 11,5 II . 9 11 .6 11. S I 1 . 3 9.9 
FISHING TIME (HRS) 10 .0 10 . 8 IC, I 10.5 10 .5 10 . 9 10.8 10.J 10.j 9.~ 
AVG WATER TEMP (F) 61. 5 62.4 63 . 1 64 . 4 64 . 9 66 . 7 68.4 69 . 1 70.5 70.5 

BLUEBACK HERRING 
ALEWIFE 
AMERICAN SHAO 165 354 133 176 394 384 455 383 134 387 
GIZZARD SHAD 16115 8229 14553 16852 15507 12761 15520 19165 31437 43600 
COMMMON CARP 33 12 11 15 13 13 74 17 65 45 
STRIPED BASS I 
OTHER SPI' 67 63 103 102 196 128 217 101 196 134 

TOTAL 163 81 8658 141800 17145 16110 13286 16266 1955e 31833 414167 

DATE 14MAV 15MAV 16MAV 17MAV 18MAV 19MAV 20MAV 21MAV 22MAV 23MA\ 
NO OF LIFTS n 19 23 19 23 1' 20 17 2; 

.... FIRST LIFT 7: 21 71 18 7:06 81 10 7:09 7120 7: 19 7:25 7: lj "; : t =· 
V, LAST LJFT 18:52 18:39 18: 26 19:57 18:40 13:09 18:40 18:30 18:48 18:45' 

OPERATING TIME (HRS) 11 . 5 11 , 4 11. 3 10 . 8 11, 5 5.8 11 . 4 11 .: 11 . 6 ' •. t. 
FISHING TIME (HRS) 10.6 10 . I 10. 1 9 . 9 10.6 5 . 3 10 . 4 8 . 2 10.5 1CJ . t 
•VG WATER TEMP (F) 70 . 7 69 . 8 70.5 71.6 11. e 69.J 69.8 68.7 68.5 69. 1 

BLUEBACII HEAAJNG I 418 3265 16 73 6 7 2 173 J39 
ALEWIFE 
AMERICAN SHAD 141 772 1061 163 480 219 13 230 49E 18.t 
Gl;:ZAAO SHAO 753(, 4030 18727 7960 13289 10925 8030 1487S 14309 1307' 
COMMMON CARP !? 2 7 143 26 1 5 e 4 

STUIPED BASS 1 2 I 13 2 3 
OTHER SPP 63 72 225 66 55 26 93 1008 I ( 1 1. 

TOTAL 7744 4924 23286 8350 13924 11177 8161 16123 14995 136 t' 

DATE 24MAV 2SMAV 26MAV 27MAV 28MAV 29MAV 30MAV 31MAV OIJUN 02JUN 
NO OF LIFTS 22 22 22 20 23 22 20 20 20 2C. 
FIRST I.I FT 7 1 11 7:03 7:03 6:59 71 I 1 7:01 11 12 7: 15 7 : 10 7:0S 
LAST LIFT 18:5 2 19:40 19 :43 19149 18:53 18:40 17:40 18142 18:45 1&:40 
0i::' ED£Tl>,j(', TIME (HR! ; .. - : : . E 1' . "'! • ' . !! 11. 7 .. - lC . 5 ' •• !: ' 1 .6 .. r 

Fl l,r1I Nu TIME (HRS, 10.7 10.4 10.6 10.9 10 ,7 10 . 7 9.5 10.S 10.6 t (;. ~. 
AVG WATER TEMP (Fl 69. 1 68.9 68.5 69.J 69.3 70.3 89.8 71. 6 7 1 .6 72. C. 

BLUEBACK HEARING 47 14 27 21 273 18 15 
ALEWIFE 
AMERICAN SHAO 101 71 195 175 119 433 48 153 3 4~ 
Gl.:ZARO SHAO 16805 25002 10397 10223 12939 6304 8895 15669 13745 9591! 
COMMMON CARP 42 17 107 71 Sf. 15 1434 102 ~ E 
STRIPED 8ASS 4 I 4 2 6 3 4 6 3 5 
OTHER SPP 17 12 s 3 17 20 8 23 18 2! 

foTAL 17016 25103 10722 10501 13158 70 .. 9 ••01 15967 13174 967t 



Tet>le 2. Contlnueo. 

O•TE 03JUh 04JUN 05JUN 06JUN 07JUN 08JUN 09JUN IOJUN 1 IJUN 12JUN 
NO 0" LI l'TS 18 22 21 22 23 21 22 22 22 22 
"IRST Lll'T 7: 13 7:06 7: 18 7:0E 7:02 7: 16 7,07 7,01 7:05 7:02 
'-"ST LIFT 18:40 18:30 18:45 18 :33 19:00 18 :415 18:43 18,34 18:43 18:45 
OPERATING TIME (HRS) 11.5 11.4 11.5 11. 5 12 . !) 11 .5 II .6 II. 6 11.6 I I. 7 
"IS11INC. TIME (HAS, 10.5 10.3 10.5 10.5 10.9 IC.5 10 .5 10.5 10.b 10.7 
AVG WATER TEMP (Fl 11. e 72.5 71. 6 71. 4 72 . 1 n.: 72. 1 74.3 7,q. 7 75.6 

BLUEBA CK HERRJNC. 76 8 58 73 I 6 4 
ALEWIFE 
AMERICAN SHAO 42 54 14 14 3 2 3 5 
GIZZARD SHAO 8013 9907 11665 7660 5000 4563 6141 7699 34170 2560 
COMMMON CARP 2 93 128 658 159 104 703 1191 1118 8 
STRIPED BASS 6 23 7 29 34 3" 24 19 43 13 
OTHER SPP 8 '12 15 1184 26 670 210 367 65 3, 

TOTAL 81417 10127 11887 9545 5295 5372 7086 9283 4696 2617 

..... 
°' D•TE I 3JUN I 4JUN . TOTALS 

NC OF dll"TS e 7 848 
qAST LJl'T 7:02 7:01 
-&ST LI"T 13100 13,00 
OPERATING TIME (HRS) f:.O 6.C, 463.5 
FISrllNC. TIME IHP.!; l 5.7 S.7 421.:? 
AvG WATE R TEMP IF ; 75.2 75.7 

BLU EBACK HERRING 4574 
A:.EwJFE 0 
AMERICAN SHAC • 8203 
G: :ZARO S11AC· 464 2913 50411€ 
;:'MMM(ll\ :;Jqc n •os 6t'4S. 
ST"; 1-'E:. BASS '' 327 
:;T-E~ so: .. e 572~ 

TCTA- 51:> 304! 529594 



Teble 3. Delly aumme-y of f1snes coi;ecteo et tne Conowlngo De~ west Lift, 41 Mey tnr-ougn 17 Jun•. 199:, , 
Not• tnet nt Hlc•o •y sneo ••,.• collected In 1993. 

DATE 041MA\ OSMAV 06MA\' 07MAV 08MAV 09MAV 10MAV 11MAV 12MAV 1JMAV 
NCI 0~ L l''T S . 7 H! 25 27 21.' n 25 29 23 26 
Cll!ST LIFT 1 I: 07 10 :27 7:47 7:26 7,0t, 7:04 "100 7 ,00 7: 01 7,05 
LAST ._,FT 16 , 2e '8: 18 18:07 18:46 18:58 18:45 18:57 18 :56 18: 415 19:00 
OPERATING TlME (HRS , 5 .3 7,8 10. :! 11, J 12.0 '. . 7 12. C. 11,9 11 . 7 11 .9 
FI SH I NG Tl ME (HRS , 5.1. 6 .• .. 8 .C 9.4 9. 1 9 .• r,. 7 9.3 9.9 
AVG WATER TEMP (F) 60. 4 6 2, 1 61 ,{, 63 .9 64,7 67. 1 68 .0 68.7 70.2 70.:; 

8LUE8ACK HERRING 4135 28 I 236 55 126 52 Sf: 28!; 
ALEWIFE 15 348 178 30 I 
AMERICAN SHAO 1 9 5 50 19 36 159 135 741 89 
GIZZARD SHAO 41160(; •5200 603•• 56403 67300 24260 16250 29520 14275 22880 
COMMMON CARP 10~ : 25 148 331 4168 227 68 118 157 229 
STRIPED BASS z f: 6 40 7 9 13 18 
OTHEP SPI> St 28e 41:. SBE 69!? 174:' 1171 685 1164 103 7 

TOTA :. ". -7, 4597( E•40E 57835 68728 26395 1778 1 30520 '573!1 24538 

DATE • <=M~ ' . 511.a ', '6M.I \ '7MA V '8MA\ 19MA\ 20M.1\ 21MAV 22MA\ :!Jl,!,1.\ 
NO OF LIFTS -. 2. :!(• :! "JL 24 2E 24 2~ n 
FIRST LIF1 ?:07 7: 1, 7: O!:. ., : o· 7:01 7:00 7:0, 7:09 7: 07 -,c~ ..... LAST LI FT 18:SL 18:45 18 : 3!. 18:5:: 18 : 40 19:25 18 : 57 18:58 18: Sf. 1 ft : S! ....., 
OPER .. TJNG TIME (HPS, I:' f .. . ! 1 • • f 11 , 8 1 ~ • ' 12.4 1 I.!? 1:, 8 I 1 .8 l' C. 

FISHING TIME (HRS• £, .; E. 8 10,4 9.5 9, 1 10.5 9.8 10. 1 10 .3 1C, ,f, 
.l~G W.ITER TEMP (F) 70.:: 69.E 69.e 69.6 69 .3 69.8 68.0 67.6 68.0 67.6 

BLUEBACK '1ERRIN(, 5!' ' 49:; 319 651 4 :! 37 39 161 78 
'11CKORV SHA[' 
ALEWIFE 
AMERICAI'< SHA[, ~f 29: I 19' 19, 66 50 207 122 338 •3£, 
G:ZZARO SHAC, 189£, 1515C e19c, 19865 9520 5632 15685 903£ 878(, 12410 
CO MMMOI'< CARP 36E 1: E 4'1 18 2 3:! 24 21.' ,e I:? 
STIUPEO BASS i " 4!? 43 71 so 4(' 4. SE 
OHiER SPF ' : 3~ ~t ': f,J( 616 21S. 4124 618 4, 7 33( 12E 

TOT-'L : . :•;: . P~s.:. 83'5 :: :i 147L 10034 6212 16671 9687 966P 1312.c 

DATE ;~~'- . :s,a, Z6M'-• 27M~• 78M,I.\ 29MA', JOMA\ 31MA\' O'JUI\ C:2vUI, 
NC OF L.!FTS 2~ ~! :.~ :: ,t 2£ 72 ~-.. 2S 
FIRST LJFT , : :;.:. :- : o; ,,c: 7,0E 7 :OC 7:03 7 : OC' 7:0C 7: oc 7 1 oc 
- "ST LIFT . ~ ~ ~: ,e,!:: • E:: ! : I£:-:!;: ·e,s~ •e; .:~ 1e ,s~ 1e, "~ • ~ . ~! ·& . f:· 
OPERATING TIME (HR~I .. ,; : : .~ 11, f: 1:. e 11,8 . . . 8 11, 9 11.& • , .s. I 1 .e 
FISHING TJME ( HRS ) 9.f r..c. 9.f r,. E 9.9 9.9 10.2 10.0 9 . 8 9.4 
AVG WATER TEMP (F) 68.5 68.4 70.7 68.9 69.8 70.5 70.3 69.8 71. ~ 71. 1 

BLUEBACK HERRING f, 2 ~ 3 4 30 341 e 2 
ALEWIFE 
AME~JCAI'< SHAO 0~ 18:0 145 85 14!, 196 148 69 28 57 
GI ZZAR[l S"1AO :ea~: 17~1! • :??S! '8305 10140 6590 7160 4310 5702 11250 
COMMMOt. CAR~ 1 ~, 1 09 s· 92 164 168 44 153 324 156 
SlRJPEu BASS 4~ 3t !'i! 72 54 3~ 29 31 93 55 
OTHER SPC: ~ .. 12~ 881 28E 72~ 111.C , .. 36E 34~ 337 

TOTA. •5-2!!£ 11-11. "35' ~ 1884:• •123· 913:; 752 7 4937 649" 11 B!'P 



TaDle 3. Continued. 

DATE 03JUN 04JUN 05JUN 06JUN 07JUN 08JUN 09JUN - ,OJUN I 1JUII. 12JUN 
NO OF LIFTS 24 16 23 25 23 22 22 22 22 IS 
FIRST LIFT 7,00 7100 7 103 7 102 7 100 7: 02 7: 00 7102 7 :02 7 :0'" 
LAST LIFT 18 :55 19:00 18 :55 18 :30 18:58 18:55 18:50 18:45 18:55 18:5 2 
OPERATING TIME (HRS) 11 .9 12.0 11. 9 I I .5 12 .0 11. 9 11 . 8 I I. 7 11 .e 11 .8 
FJSHlNG TIME (HRS) 10.0 6,7 10 . I 8.9 10.5 10.2 10 . 2 10.3 1 Cl.~ 1(;. 7 
AVG WATER TEMP (F) 69.4 70.3 70.2 71 . 2 71. I 71. 1 72 . 1 74.5 74. I: H.7 

BLUEBACK HERRING 3 1 37 9 
ALEWIFE 
AMERICAN SHAO 18 20 133 114 51 25 42 19 59 2 
GIZZARD SHAO 14743 377 2 5761 8723 5598 1128 3270 3320 1970 1040 
COMMMON CARP 270 104 60 2245 4S8 67 50 105 189 116 
STRIPED BASS 54 16 17 44 88 49 50 35 48 38 
OTHER SPP 313 183 73 1453 219 214 619 807 282 91 

TOTAL 15398 4098 6045 12616 6423 1483 4032 4286 254!! 1288 
..... 
(X) 

DATE 13JUN 14JUN 15JUN 16JUN 17JUN TOTALS 
NO OF LIFTS 19 18 16 12 10 1032 
FIRST LIFT 7101 7:01 710 I 71 10 7:01 
LAST LIFT 18 :55 17:30 16: 12 14, 16 13100 
OPERATING TIME (HRS) 1 I .9 10 ,5 · 9. 2 7. 1 6.0 505.4 
FI Sl-11 NG TIME CHAS / 1 I .:! 9.3 8.2 6 . • 5 . A 416. 7 
AVG WATER TEMP (F) 74 .8 75.• 75 . 6 76.3 76.6 

8 1..UEBACII HERRING 1 4052 
ALEWIFE 572 
AMERICAN SHAO 54 48 19 48 9 5343 
GI ZZARO SHAO 11 IS 2115 823 760 650 666010 
COlolMMON CAIIP 568 124 5 1 ~ 20 848& 
STRIPED BASS 23 34 45 42 31 1595 
OTHER SPP 75 :! 421 95 3 466 493 27095 

TOTAL 251:? 2742 1846 1328 1203 713155 



Table 4. Catch of American shad by water temperature 
at the Conowingo Dam Fish Lifts (East and West), 1993. 
Cleanout lifts excluded . 

CATCH 

WATER TEMP. HOURS CATCH/ 
(F) FISHING NUMBER EFFORT PERCENT 

< 65 73.l 1284 17.6 9.5 
> 65 759.4 12242 16 . l 90.5 

TOTAL 832.5 13526 16.2 100.0 
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UBL£ 5. Total catch and catch per hour of American shad by data and weir 
gate setting at Conowtngo Dam £aat Flah Lift. 1993. 

OAT£ WEJR OATES 

A Only Open e Only Open 6own Only Open Changing TOTAL 

04MAY # Shad 83 82 165 
t1r1 Fishing 4 . 7 5 . 3 10 . 0 
Catch I Hr Fishing 17. 7 15.• 16.5 

O!SMAY , Shad 2113 71 35.ill 
Hr1 Flahlng 7 . 1 3 . 6 10 . 8 
Catch I Hr Flahlng 39 . 8 19.6 32.9 

08MAV , Shad 109 24 133 
HI'S Flahlng 7.6 2.5 10 . 1 
Catch I Hr Ftahlng 14.3 9 . 6 13.2 

07MAV , Shad 127 49 176 
Hra Ftahtng 6 .5 3 . 9 10 . S 
Catch I Hr Fishing 19 . 4 12 . 5 16 . 8 

08MAV , Shad 347 47 39.ill 
Hra Flahtng 8 . 8 1, 7 10 . 5 
Catch I Hr Flahlng 39.6 27.9 37.6 

09MAV , Sl'\ad 323 81 311• 
N Hr1 Ftal'\lng 9 .!S ' . 3 10 . 11 
0 Catch I Hr Flahlng 34. 1 45.7 35 . 6 

IOMAV , Shad 307 1411 455 
Hrs l'lahlnv 8 . 4 2 . .. 10 . 8 
Catch I Hr Ftahlng 38.7 82 . I 42 .3 

I IMAV , Shad 313 70 383 
Hrs Flahlng 8 . 7 3 . 7 10 . 4 
Catch I Hr Flahlng 47 , 0 19 .0 37 . 0 

12MAV , Shad 113 21 134 
Hr1 Ftahlng 7.5 2 . 11 10.3 
Catch I Hr Fishing 15 . 0 7 . 6 13 . 1 

13MAV , Shad 324 62 386 
Hrs Flahtng 7 . 8 1. 4 8 . 9 
Catch I Hr Flahlng 42 . 8 45.9 43.3 

14MAV , Shad 112 29 141 
t1r1 Ftahlng 10.1 0 .5 10 . 6 
Catch I Hr Flahlng 11, 1 58.0 13.3 

15MAV , Shad 401 101 270 772 
Hra Flahlng 6 . 3 I. 7 2.2 10. 1 
eaten I Hr Flahlno 84.0 99.4 124 . 8 78.2 

16MAV , Shad 9811 26 87 1081 
Hr1 Ftehtno 7.8 o . 8 1 . 9 10.0 
Catch I Hr Flahlno 127,4 4!5.9 35.6 105.8 

17MAV , Shad 78 38 47 163 
Hra l'lahlng 2 . 4 8.2 2 ... 9 . 9 
Catch I Hr Flahlng 32 . 3 7,4 19.9 16 . 4 



TABLE 5. Continued. 

DATE WEIR GATES 

A Dnl> Ooer 11 Only Open Down Only Oper Changing TOTAL 

18MAY , Shao 96 336 .. 8 •eo 
11rs Fhhlng , .. 7.8 I . • 10.6 
Catch I 11r Ftahlng es.• •3 .4 33.9 •5.5 

19MAY II Shad 17 ,.6 56 219 
l1r11 Flahtng 0.5 3.7 I. 2 5.3 
Catch I Hr Ftahlng 3•.o 39.8 •e.o •1 . I 

20MAY 6 Shad - 7 6 13 
Hra Flahlng 0.9 7 .3 2.2 10 . 4 
Catch I 11r Ftah l ng - 1 .0 2.7 1. 2 

21MAV 6 Shad 149 13 68 230 
Hrs F hhlng 0.8 3.8 3.6 8 .2 
Catch I Hr Flahlng 190 .2 3.• 19 . 1 28. 1 

22MAV , Shad 324 22 ISO •96 
Hrs Flahtng 4 . 9 2.0 3 . 7 10 . S 
Catch I Hr Fishing 66.8 11.0 .. 0.9 47 .2 

23i,llv II Shed 144 Jo 184 
Hr a FI ah 1 ng 8 .2 2. 4 10.E 
Catch I Hr Fishing 17.6 16,6 17 . 4 

N 
UMAV ..... II Shad 81 3!i 111 101 

Hr• F 1 ah Ing 3.0 5.7 2.0 10 .7 
Catch I Hr Flahlng 17.0 E. I 7.7 9.5 

2SMAV , Shao 10 46 15 71 
Hr II FI a h Ing I .0 6.7 2.7 10 . • 
Catch I Hr Ftahlng 10.0 6.8 5.6 6.8 

26MAY , Shae 99 43 53 195 
Hrs Fishing 5 .3 2.0 3.2 10 . E 
Catch I Hr Flanlng 18.6 21. 5 16.3 18 . 4 

27MAV 6 Shad 115 20 .. o 175 
Hrs Fishing 3.6 4. I 3.2 10 . 9 
Catch I Hr Flehlng 32. 1 4 .9 12. 6 16 . I 

28MAV II Shad 61 21 31 119 
Hr11 Flahlng 5.8 ~ .~ ~-· 10. 'l' 
Catch I Hr Fishing 11 . S 8 .7 12.8 11 . 2 

29MAY • Shad 3•5 88 •33 
Hra Fl ahlng 7 . 8 2.9 10.7 
Catch I Hr Ftahtng •••• 30 . 2 •O.!I 

30MAV II Shad 39 9 48 
Hrs Flahtng 6 . 8 2.7 9 . 5 
Catch I Hr Flahing 5.7 3 . • 5.0 

31MAY II Shad , .. 1 6 153 
Hr11 Fishing 10.0 O. !I 10.5 
Catch I Hr Flahlng , •• '7 12 . 0 141 . 5 

ISiJON • $iiad *" - , I 3 
Hrs Flahlng 2 . 3 4 . • •.O 10.6 
Catch I Hr Fiehlng • C . !I 0.3 0.3 



TABLE 5. Contlnu•d . 

DATE WEIR GATES 

,. Only Opu, 8 Only Oo•n Down On II y Oo•n Chenptng TOTAL 

D2JUN II Shed 23 - 19 42 
Hrs Fishing 3.6 2 . 3 4 , 7 10 . 6 
Cetcn I Hr Flehlng 6.4 - 4. 1 4 . 0 

D3JUN , Shed 32 2 ll 42 
Hrs Fishing tl.O 1.1 2 ,ll 10 . 5 
Cetch I Hr Fishing 5.3 1, 2 2 . ll 4 . 0 

D4JUN II Shed 39 11 4 54 
Hrs FI atdng !5.0 2 . 2 3. 1 10 , 3 
Cetch I Hr Fishing 7.8 4 . 9 1.3 5 . 2 

OS JUN II Shad 10 4 14 
Hrs F Ian Ing 7.6 2 . 9 10 . 5 
Cetch I Hr Fishing 1 . 3 1 • • 1 . 3 

OllJUN II Shed 13 1 14 
Hrs Fishing 9.5 1.0 10.5 
Cetch I Hr Fishing 1.• 1.0 I. 3 

07J0N , Sr,ao 3 - 3 
l',ra Fishing II.• 2.5 10.9 
Catch I Hr Fishing o.• - 0.3 

N 
N 08JUN II Shad 

Hra F i shing 6 . 1 1,0 3.4 10.5 
Catch I Hr Fishing 

09JUN , Stied - - -------- --~· --
2 

..,,.. Flsh l r,g 4 . ti 2.S 3 . 5 10 . 6 
Cetch I Hr Fishing - - 0 . ll 0 . 2 

IOJUN , Shed 2 - I 3 
Hrs Fishing 5.6 2 . 4 2 . 5 10 . 5 
Cetch I Hr Flahlng 0.4 - o.• 0 . 3 

II.JUN , Shed 
Hra Fishing 3.!5 •.6 2.5 10.8 
Cetch I Hr Fishing 

12.JUN II Shed 4 I 5 
Hrs c1shlng 9.2 I.! 10 . 7 
Cetch I Hr Fishing o.• 0.1 0.5 

13.JUN II Shed 
Hra Fhhlng 5.7 15. 7 
Cetch I Hr Fishing 

14.JUN II Sl"led 2 - - 2 
Hra Fishing 2.6 1, 0 2 . 1 15 . 1 
Catch I Hr Fishing 0,11 - - 0.3 

TOTA , • , Shao 3178 - 3310 1714 8202 
Hrs , I en Ing 1!5!5. 1 11 .5 148. 1 1015.9 421. 2 
Catch I Hr Fishing 20.4 - 22 . :t 18.2 IILl5 

Am•rtcer sneo captured In clean out llfta aacludad from calculatlone . 
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Tat:>1e 6. Comparison of catch per effort (hr) of American shad on weekdays vs. weekena days t:>y 
gene r ation (cfs) at the Conowlngo Dam East Fish Lift, 
4 May through 14 .June. 1993. 

5,000 CFS 6-10,000 CFS 11-20,000 CFS 21-40,000 CFS > 40,000 CFS VARYING CFS TOTAL 
LIFT TIME CATCH/HOUR CATCH/HOUR CATCH/HOUR CATCH/HOUR CATCH/HOUR CAT Ch/HOUR CA TCH /HOUR 

WEEKDAYS 05:00-09:00 2.7 17.3 8.2 8.0 17.2 14 , 0 10.6 
WEEKDAYS 09: 0 1 - 1 1 : 00 0 . 2 25.8 16 .7 19 .6 17. 4 2.5 14 . 3 
WEEKDAYS 1 1 : 0 1 - 1 5 : 00 , .0 7.6 5.2 5.6 14. 2 3 . 8 10 . 4 
WEEKDAYS 15:01- 19:00 0.8 21 . 1 3.6 9.0 30.0 15.0 22.3 

N WEEKDAYS MEAN 1 . 7 18.8 8 . 9 8.8 19 . 8 9.5 14 , 6 w 

WEEKEND 05:00-09:00 0.9 56.4 38 .0 - 25 . 7 37.5 31 . 5 
WEEKEND 09 : 0 1 - 1 1 : 00 0 . 8 53.7 49.5 8.0 14.2 141. 6 28. 7 
WEEKEND 11:01-15:00 1.0 36.3 15.7 17,4 35 .3 61 .0 27.4 
WEEKEND 15:01-19:00 1. 3 57 . 7 22.0 - 62.0 13. 1 39. 1 

WEEKEND MEAN 1.0 48 .9 26.8 13. 2 37.4 53.3 31. 7 

TOTAL 1. 4 35,7 13.9 9.4 22.3 16.7 19 . 5 



Table 7. Summery of American snao eaten by constant gener•t1on levels (varying generation 
aurlng • 11ft •as grouoea separately) et the Cono•l~go East Fish Lift, 
4 May through I~ June. 1993. 

TOTAL 
OlSCHARC.E NUMBER TJME TOTAL 
( )( 1000 cfsJ UNIT 1 , Ut•I T IC OF LIFTS (hour-sJ SHAO SHAO/HOUR 

5-10 OFF OFF 95 56 . 4 77 1. 4 

5-10 TOTAL 95 56.4 77 1. 4 

10-65 CHG CHG - , • 2 2 I. 7 
10-65 CHG OFF - 0.8 2 2.7 
10-65 CHG ON - 0.9 3 3.4 
10-65 OFF CHG - 3 . 3 16 4.8 

N 10-65 OFF OFF 376 129.0 3468 26.9 "" 10-65 OFF ON ~ 9 . 2 96 10 , 4 
10-6~ ON CHC. - 1 • , 8 7 . 4 
10-65 ON OFF 29 12 . 2 63 5 .2 
10-6~ 0" 0"' 284 : 71 . C 3859 22.e 

10-65 TOTA_ 689 328. 6 751" 22.9 

VARYING CHG CHG 2Z 10.~ 14 € 13 . 4 
VARYlNC. CHC. OF!' - 1. 0 36 36 .0 
VARYING CHG ON - 0.5 
VARY INC. OFF CHC. - 2.5 138 54.8 
VARY I Nu OFF OF; 20 15.8 212 13.5 
VARYING ON Cr1G 2Z 4.2 45 10.7 
VARYING 0"' OF" - 0.6 16 27.4 
\/ARVINC. o"' QI\; - 0.9 15 16 ,7 

VAR\' INu TOTI,_ 6~ 36.3 60e 16 .7 

TOTA._ 84e 421.2 820, 19 . 5 



Table 8. Daily sex ratio o f American shad at the Conowingo Dam 
Fish Lifts for 1993. 

Daily No . o f No . of Ratio 
Date Catch SEXED Males Females (M/ F) 

04MAY 166 106 80 26 3.1 to l 
05MAY 363 110 84 26 3.2 to l 
06MAY 138 105 59 46 1.3 to l 
07MAY 226 161 112 49 2 . 3 to l 
08MAY 413 123 93 30 3 . 1 to l 
09MAY 420 138 85 53 1.6 to l 
lOMAY 614 223 159 64 2.5 to 1 
llMAY 518 208 141 67 2.1 to 1 
12MAY 208 134 90 44 2.0 to 1 
13MAY 476 192 120 72 l. 7 to 1 
14MAY 236 195 120 75 1.6 to 1 
15MAY 1054 248 172 76 2.3 to 1 
16MAY 2252 219 120 99 1.2 to l 
17MAY 357 223 129 94 1.4 to l 
18MAY 546 179 102 77 1.3 to 1 
19MAY 269 157 102 55 1.9 to l 
20MAY 220 120 75 45 l. 7 to 1 
21MAY 352 238 147 91 1.6 to l 
22MAY 834 216 115 101 1.1 to l 
23MAY 623 218 112 106 1.1 to l 
24MAY 166 166 86 80 1.1 to 1 
25MAY 254 180 114 66 l. 7 to 1 
26MAY 340 210 158 52 3.0 to 1 
27MAY 260 201 94 107 0.9 to 1 
28MAY 264 201 105 96 1.1 to l 
29MAY 629 210 120 90 1.3 to 1 
30MAY 196 151 72 79 0 . 9 to l 
31MAY 222 175 71 104 0 . 7 to l 
OlJUN 31 31 23 8 2 . 9 to l 
02JUN 99 99 54 45 1.2 to l 
03JUN 60 60 27 33 0.8 to 1 
04JUN 74 74 45 29 1.6 to l 
05JUN 147 116 47 69 0.7 to l 
06JUN 128 114 48 66 0 . 7 to l 
07JUN 54 54 19 35 0 . 5 to l 
08JUN 25 25 8 17 0 . 5 to l 
09JUN 44 44 18 26 0.7 to l 
lOJUN 22 22 10 12 0.8 to 1 
llJUN 59 59 26 33 0 . 8 to l 
12JUN 7 7 3 4 0 . 8 to 1 
13JUN 54 54 18 36 0.5 to l 
14JUN 50 50 16 34 0.5 to 1 
15JUN 19 19 10 9 1.1 to 1 
16JUN 48 48 15 33 0.5 to l 
17JUN 9 9 3 6 0.5 to l 

TOTAL 13546 5892 3427 2465 1. 3 to l 

25 



Table 9. Age and spawning history of American shad collected at the 
Conowingo Dam Fish Lifts In 1993. 

Se, Age Spawning History 
Fork Length 

Repeats Repeats 
N Virgins Once Twice Mean Min Mex 

MALE I JI 1 1 - - 327 327 327 
IV 34 • 34 - - 369 312 453 
V 67 57 9 1 414 341 457 
VI 16 10 6 - 428 352 455 

Total for males 1 l 8 102 15 1 402 312 457 

FEMALE IV 6 6 - - 400 380 434 
V 41 38 3 - 442 391 495 
VI 56 49 4 3 466 418 505 
VI I 9 9 - - 502 468 538 

N 

°' 
Total for -,amaTes - --,-,2 102-- ---- 7 3 457 380 538 

Grand Total 230 204 22 4 429 312 538 

• 



Table 10. Daily capture of tagged Maryland DNR American 
shad at the Conowingo Fish Lifts, 1993. 

DAILY CATCH NO. OF MD DNR 
RECAPTURES 

DATE EAST WEST EAST WEST 

04MAY93 165 l 
05MAY93 354 9 
06MAY93 133 5 2 
07MAY93 176 50 
08MAY93 394 19 4 
09MAY93 384 36 5 
10MAY93 455 159 6 
11MAY93 383 135 1 2 
12MAY93 134 74 2 
13MAY93 387 89 4 1 
14MAY93 141 95 2 1 
15MAY93 772 282 5 5 
16MAY93 1061 1191 23 16 
17MAY93 163 194 2 5 
18MAY93 480 66 8 1 
19MAY93 219 50 6 
20MAY93 13 207 1 4 
21MAY93 230 122 6 3 
22MAY93 496 338 10 9 
23MAY93 184 439 4 8 
24MAY93 101 65 2 1 
25MAY93 71 183 2 5 
26MAY93 195 145 6 5 
27MAY93 175 85 4 2 
28MAY93 119 145 1 4 
29MAY93 433 196 12 3 
30MAY93 48 148 3 
31MAY93 153 69 4 1 
01JUN93 3 28 4 
02JUN93 42 57 2 4 
03JUN93 42 18 2 1 
04JUN93 54 20 l 
05JUN93 14 133 3 
06JUN93 14 114 4 
07JUN93 3 51 1 
08JUN93 25 
09JUN93 2 42 
10JUN93 3 19 
11JUN93 0 59 1 
12JUN93 5 2 
13JUN93 0 54 1 
14JUN93 2 48 1 
15JUN93 19 
16JUN93 48 
17JUN93 9 

TOTALS 8203 5343 124 102 
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T•t>I• '' · Su...,,•ry of tr•n•porta of A111erlc•n ah•d from th• Conowlngo D•111 flan Llfta, 1993. 

----------------------------·-------------------------- COMBINED TRANSPORTS- ---------- --------------------------------------------

WATER 
TEMP(' ) 

WATER DO DO AT 
NO. TEMP NO. OBSERVED PERCENT (PPM) (PPM) STOCKING 

DATE COLLECTED (F) TRANSPORTED LOCATION MORTALITY SURVIVAL START fl NI Sl1 LOCATION 

26MAY - 72.0 12• Tri-County M•rln• 11 91.' 9.5 II . 3 68 .9 
02JUN - 72.9 6• Tr i-County M•rln• 2 96.9 7.6 10.0 72.9 
06JUN - 73.0 27 Tri-County M•rln• 0 100.0 8. I 9.0 73.0 

----------- ---------TOTALS 215 13 

------------------------------ ---- - ---------------- TRANSPORTED FROM EAST LIFT----------------------------------------------------

WATER 
TEMP (Fl 

WATER 00 00 AT 
NO. TEMP NO . OBSERVED PERCENT (PPM) (PPM) STOCKING 

DATE COLLECTED ( F) TRANSPORTED LOCATION MORTALITY SURVIVAL START FINISH LOCATION 

05MAV 35• 61. 7 105 Tr i -County M•rln• 0 100.0 II. 6 10 . • 62.6 
63 . 5 179 Tri-Count y M•rlne 55 69.3 11 . 3 11 .• 64.• 
62 . 6 154 Tri-County M•rlne 7 95.5 12. 0 12.0 66 .2 

06MAV 133 63.5 79 Tri-County Marin• 0 100 .0 12.8 13 .2 64.4 
65 . 8 121 Tri-County Marin• 70 42 . I 13. 2 11. 6 59 . 0 

07MAY 176 64 . 4 132 Tri-Count y Mari na II 91. 7 9.0 11. 9 65.3 
08MAV 39• 67 . 6 139 Tri-County M•rlna 6 95 .7 8.8 10 .0 66.2 

68.0 151 Tri-County Marina 6 96.0 9.0 10 .8 68.0 
N 67.6 94 Tri-County Marina 0 100 . 0 13 .5 10 . 8 64.0 
00 09MAV 38• 70.7 134 Tri-County Marina 36 73 . I 11 .5 12 . 2 71. 6 

69 . 8 137 Tr i-County Marin• 21 84 . 7 I 2 . 0 11 . 9 70.7 
IOMAV 455 68.0 123 Tri-County M•rln• 0 100.0 11 . 0 10 . 0 66.2 

72.5 ,,, Tri-County M•rln• 12 89.2 12.8 ,o . 4 70. 7 
71. 6 128 Tr i-County Marina 44 65 . 6 9. 1 11 . 0 72.5 

I !MAY 383 7' . 4 139 Tr i-County Marina 2 98 . 6 13.4 13 . 6 72. • 
H .5 136 Tri-County Marin• 49 64.0 11 . 0 12 . 4 74.3 
H.5 128 Tri-County M•rln• 82 35 . 9 12 . 0 9.8 70.2 

13MAV 387 70 .7 148 Tri-County Marin• 6 95 .9 9 . 2 II . 5 71 . 6 
71. 2 117 Tr i-County M•rln• 0 100.0 12. 2 10.4 66.2 
70.7 120 Tri-Count y Marin• 5 95.8 12 . I 12 .5 71 .6 

UM.IV 141 71 .6 121 Tri-County Marin• 0 100.0 11 .6 10.3 66.7 
ISM.I V 772 72.5 130 Tri-County Marin• 0 100 .0 9.3 11 .5 72.5 

71 .E 125 - Columt>I• PFC 0 100.0 10.0 8.0 71. E 
71 . 8 128 - Columbia PFC 3 97. 7 11. 2 II. 0 73.4 
73 . • 128 Tri - County Marin• 0 100 .0 10 . 0 10 . I 74.3 
71.6 125 Tri -County M•rln• 4 96 . 8 11. 4 II . 7 72.5 

16MAY 1081 71 . 6 135- Columbl • PFC 2 98.5 11. 0 11. 2 71. 6 
72 . 3 125 Columt>I• PFC 3 97 . 6 10.6 13 .0 73 .2 
73.4 125 - Columbl• PFC I 99.2 9.8 10.9 7• . 3 
73 . 4 125 Columt>I• PFC 8 93.6 12.4 I 2. 2 73 . 4 
75 .2 12• Columt>I • PFC 6 95.2 7 .6 II. 0 75.2 
73.• 122 Tri-County M•rln• 5 95.9 12 . 9 8 .8 64 . 4 
23.2 129 - Colu111bl8 PFC 7 9 4 .6 13.0 12.6 73.8 

17MAV 183 73 . 4 105 - Columt>I• PFC 10 90.5 10 . 0 10 .6 73 . • 
74 . 7 12• Tri-County M•rln• 4 96 . 8 10 . 0 11.0 75 .2 

18MAY 480 74 . 8 13C Tri-County M•rln• I 99 .2 9 .2 II . 2 71.6 
71 . 6 116 Tri-County M•rln• 7 94.0 11 .0 12.0 72.3 
70 . 9 127 Tri-County Marin• s 96 .1 10 .0 10.6 70.9 

19MAV 219 89 . 8 135 F8l1110utn PS:C I 99 .3 10.6 9.0 62 . 6 
69.8 99 Tri-Count y Ma~ln• 3 97.0 11 . 8 10 . 6 70 . 7 

21MAY 230 68.0 13C T ri - County M•rln• 3 97.7 8 .6 II . 2 68.0 



... 

Tabla 11. Cont lnued. 

------------------- - ------------------------------- TRANSPORTED FROM EAST LIFT----------------------- -----------------------------
(continued) 

WATER 
TEMP ( F) 

WATER 00 00 AT 
NO. TEMP NO. OBSERVED PERCENT (PPM) (PPMJ S TOCKING 

DATE COLLECTED ( F) TRANSPORTED LOCATION MORTAL ITV SURVIVAL SlART FINIS .. LOCA Tl ON 

21 MAY 230 68 .2 7t Tri-County Marina 1 98.6 9.4 10 . 4 68 . 4 
22MAV 496 69.8 125 ' Columbia PFC 0 100.0 10.0 9.€ 66 . 2 

69 . 8 128 Columbia PFC 3 97.7 9.2 9.9 66.2 
69 . 8 111 Tri-County Marina 0 100 .0 12 . 2 10.2 68.9 
69.6 83 Tri-County Mar i na , 98.8 12. 7 11.4 69.8 

23MA'\' 184 70 . 7 111 Tri-County Marina 0 100 .0 10.0 10.8 71. 6 
N 24MAV 101 70.7 133 Tri-County Marina 9 93.2 8 . 6 ,o .o 70.2 
\0 25MAV 71 71. 8 5€ Tri-County Marina 0 100.0 12.0 11.0 72.0 

26MAV 195 71 .6 108 Tri-County Mar i na 1 99. I 10.0 14. 2 72.0 
27MAV 175 71 .8 13; lrl-County Marina 4 96.9 10.0 10.5 72.9 
28MAV 119 72 .9 106 Tri-County Marina 0 100.0 10.5 14.0 75.2 
29MAV 433 72.7 116 Columbia PFC 0 100.0 9 . 6 10 .0 73.4 

74.8 105 Columbia PFC 0 100.0 8.8 9.7 73.0 
70 . 2 106 Tri-County Marina , 3 87.7 11 .o 14.2 7 I. 2 
72. 5 85 lr1-County Marina 0 100.C 10.0 10.0 69.8 

31MAV 153 73 . 4 122 Tri-County Marina C 100.C 8.2 9 . 7 73.6 
72 . 0 49 Columbia PFC C 100.0 10 . 6 10.8 72 .3 

04.JUI'< 54 74.3 54 Tri-County Marina 1 98. 1 9.0 13.0 74.8 

----------- ---------
TOTALS 6983 518 



• 
T•ble 11. Continued. 

--------------------------------------------------- TRANSPORTEO FROM WEST LIFT----------------------------------------------------

WATER 
TEMP (F) 

WATER DO DO AT 
NO . TEMP NO. OBSERVED PERCENT (PPM) (PPM) STOCKI NC, 

DATE COLLECTED ( F J TRANSPORTED LOCATJON MORTALITY SURVJVAL START FJNlSH LOCATJON 

06MAV 5 66.2 11 Tri-County Merine 0 100.0 14. I 5 .0 66.2 
OBMAV 19 66.2 58 Tri-County Merine 0 100.0 10 . <l 10 .6 68.0 
lOMAV 159 69 . 8 21- P•quee Cr. leuncr 0 100.0 12 . 6 11 . 4 69 . 8 

69.8 29 - Belnt>rldge 0 100 . 0 10 . 8 10.4 68.5 
69.8 117 Tri-County Merine 3 97.4 10 . <l 10.6 69.8 

1 lMAV 135 7 1 . 6 27 - Peters Cr boat rem~ 0 100 .0 10 . 4 11 . 2 71 . 6 
7 ·. 6 90 Tr• -County Merine D 100.0 lD.C 9 . -' 71.6 

l2MAV 74 7'. 2 28 - S•fe Harbor For•cay 0 100.0 12.0 13.3 71 . 6 
13MAV 89 7 ·. 6 104 Trl-CoJnty Ma ~ lna 1 99 .0 12.C I!. 2 71 .6 
15MAV 282 22.5 201 - Columbl• PFC 3 98 . 5 11. 2 10.8 73 . 4 
16MAV I 191 72 .5 293 Tri-County Merine 31 89 . 4 11 .5 10.5 66 . 2 

71. 6 204 Tri-County Marina 5 97.5 12.0 10 .6 64 . 4 
72 .0 204 Tri-County Merine 3 98 . 5 I 1. 2 9 .9 65.3 
72 .C 215 Tri-County Merine 4 98 . 1 9.4 8.8 64.4 

17MAV 194 73.4 25 - Bainbridge 0 100.0 10.2 1 I. 0 73.4 
73 . 4 196 Tri-County Merine 18 90.8 10.9 11. 3 73.4 

19MAV 50 7C,. 7 25 Peters Cr boat ramp 0 100.0 10.5 10.8 71. 6 
20M.IV 207 68.9 35 - York Haven Foreba, 0 100.0 9.6 10.4 69 . 4 

68.4 164 Tri-County Marina 3 98 .2 10 .6 10 .0 68 . 4 
w 22MAV 338 69.8 195 Tri-County Marina 5 97.4 10.6 10 . 2 69.8 
0 68 .9 142 Tri-County Marine 2 98.6 10.2 11.0 70 ,7 

23MA'w 439 69.8 140 Swatara Cr . PFC 3 97.9 10.4 10.7 70 . 7 
69 . 8 151 Tri-County Marine 0 100.0 11 .0 10.6 70.7 

24MA'1,' 65 68 . 9 28 - Bainbridge 0 100 .0 10.2 10 . 3 69.8 
68.0 30 - Pequee Cr. launch 0 100.0 9 , 0 1 I .C 68 . 0 
69 . 8 83 Tri-County Marina 6 90.4 10.6 11 · " 69 . 8 

25MAV 183 71. 6 100 Tri-County Marina l 99.0 I l. 8 11 . C 7 · . E 
26MAV ,45 7,. 6 37 - Ho It wood Fore Day 0 lOC.O I 1. e 10.c 7 1 e 
27MAV BS 7'. 6 Jc- Peters Cr boet ramp ' 94: . 7 IQ, i 11 . e 71. 6 
28MAV 145 ES .3 13C Trl-Co~nt) Marl~a " 9€.9 10.: 9 . 8 66.2 

73.C 1e - Safe Harcor F oreDe) 0 100.0 I 1,4 8.2 73.0 
29MAV 196 66 .2 10 - Sate Haroor Forecay 0 100 .0 8.0 9. 1 66.2 

7J ,4 173 Tri-County Marina 5 97. 1 9.8 10.0 73.4 
30MAV 148 73." 109 Tri-County Marina 3 97.2 10.2 11 .0 73 . 4 
31MAV 69 72.5 25 "' C 1t, :steno , 96.0 9.8 9 . 8 72 .5 
OIJUN 28 72.5 JC ., City lslena 0 100.0 8.0 8 . 4 72.5 

72 .5 24 Bainbridge 1 95.8 9.3 9 . 8 72.5 
02JUI'< 57 7 ! . E 17 Bainbridge 0 lOC.O 9.7 8.e 71 .E 
05JUN 133 73 . 4 118 Tri-County Me r ine 6 94.9 8.4 9.2 73.4 
06JUh I 14 69 . 8 88 S•atara Cr. PFC 0 100 . 0 7.8 9.0 69.8 
09JUN 42 73.B 70 Tri-County Marina 0 100 . 0 10 . 0 8 .6 74.3 
I !JUN 59 77 .o 53 Tri-County Marina I 98. 1 8 ... 8.6 77 .o 
14JUN 48 77 .o 80 Tri-County Marine 0 100.0 8.8 9.2 77 .0 
16JUN 48 78.8 39 Columbia PFC 0 100.0 7.6 7 ... 78.8 

----------- ---------TOTALS 3973 112 

TOTALS FOR SEASON 11171 643 



·• 

Table 12. Summary of transports of river herring from the Conowlngo Dam Fish Lifts, 1993 . 

------------------------------------------------------ TRANSPORTED FROM WEST LIFT-------------------------------------------------

WATER 
TEMP ( F) 

WATER DO DO AT 
NO, TEMP NO. OBSERVED PERCENT (PPM) (PPM) STOCKING 

DATE SPECIES COLLECTED (Fl TRANSPORTED LOCATION MORTAL ITV SURVIVAL START FINISH LOCATION 

06MAV BLUEBACK HERRING 435 66.2 662 Tri-County Marina 0 100 .0 14. 1 5.0 66.2 
08MAV BLUEBACK HERRING 236 66.2 323 Tri-County Marina 0 100.0 10.4 10.6 68.0 

ALEWIFE - 66.2 161 ~ Tri-County Marina 0 100.0 10.4 10.6 68.0 
IOMAV BLUEBACK HERRING 126 69.8 100 Tri-County Marina 0 100.0 10.4 10.6 21 .o 

ALEWIFE - 69.8 42 ,,. Tri-County Marina 0 100.0 10.4 10 .6 69.8 
w 13MAV BLUEBACK HERRING 285 71. 6 9 Tri-County Marina 0 100.0 12.0 11. 2 71. 6 
t- 24MAV BLUEBACK HERRING 6 69.8 6 Tri-County Marina 0 100.0 10.6 11. 4 69.8 

25MAV BLUEBACK HERRING 2 71 .6 1 Tri-County Marina 0 100.0 II .8 11. 0 71. 6 
29MAV BLUEBACK HERRING 30 73.4 I Tri-County Marina 0 100.0 9.8 10.0 73 . 4 
30MAV BLUEBACK HERRING 34 73.4 28 Tri-County Marina 0 100.0 10. 2 11 .0 73.4 

TOTALS FOR SEASONS 1333 0 
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Figure 1. Schematic drawing of Conawingo Dam Heat Piah Passage Paaility, 
Anonymous (1912). · 
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Figure 2. Schematic drawing of the Conowingo Dam East Pish Passage Facility. 
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FIGURE 3 

A plot of river flow (x 1000 cfs) and water temperature (F) in relation to the daity American shad catch 
at the Conowtngo East Lift, 1993. 
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FIGURE 4 

A plot of river flow (x 1000 cfs) and water temperature (F) In relation to the daily American shad catch 
at the Conowingo West Lift, 1993. 
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JOB II. 

AMERICAN SHAD EGG COLLECTION PROGRAM 

THE WYATT GROUP, Inc. 

Lancaster, Pennsylvania 

INTRODUCTION 

This report is a synopsis of egg collection efforts in the spring of 1993. The 

Susquehanna River Anadromous Fish Restoration Committee (SRAFRC) goal for 1993 was 

to obtain a minimum of 30 million shad eggs over a two month period (May-June). In the 

last 20 years (1973-1993) over 500 million eggs have been collected for the program. In the 

period during which the hatchery operation has become well established (1980 to the 

present) some 416 million eggs have been obtained (Table 1). Annual production has 

ranged from 11 million to 52 million eggs per year. 
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FIELD COLLECTION PROCEDURES 

The shad egg collection schedule is based on past experience, communications with 

commercial fisherman, advice of resource agency biologists and water temperature. 

Collection activities begin when water temperature is 55-58 °F. The 1993 schedule of 

collection activities is shown in Table 2. Collection is terminated on a river when either 

( 1) the production goal for that river is reached or (2) when it is obvious that quantities of 

eggs obtained over several days (usually less than five liters per day) are not sufficient to 

justify shipments to the Van Dyke Hatchery. 

Egg Collection 

Every attempt is made to obtain eggs and sperm from shad as soon after capture as 

possible. Ability to do so varies according to the method of capture, e.g., whether or not 

shad are caught by contractors or commercial fishermen. 

On the Delaware River, gill-netted shad are brought to the shoreline where ripe 

shad are processed by biologists. This method delays egg fertilization if there are no ripe 

males in the catch and smaller meshed gill-net must be specifically set to catch males. 

All shad caught on the Hudson and Connecticut Rivers are processed on board the 

fishing boat, often while a net is being fished. Ripe males and females are sorted from the 

catch and placed into separate tubs. Live male shad are placed in a tank with cold water 

to keep them alive if they are not going to be immediately used to fertilize eggs. It 

appears that sperm are more susceptible to rapid mortality than eggs. Therefore, sperm 
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is not taken until eggs are ready to be fertilized. On the other hand, eggs may be held, 

without water hardening (dry), in pans for short periods prior to fertilization. 

Egg Fertilization 

Ideally, eggs from four to six spawning females are squeezed into a dry collecting 

pan and fertilized with sperm from up to six live males. Eggs and sperm from fewer fish 

are often fertilized, rather than defer the effort to obtain a specific number of fish. After 

dry mixing eggs 

and sperm for about one minute, a small amount of water is then added to the mixing pan 

to activate sperm and eggs to ensure fertilization. The fertilized eggs are then allowed 

to settle for two to four minutes, after which the water is decanted and clean water added 

to the mixing pan. 

The washing/decanting process is repeated until water over the eggs appears clear, 

indicating reduction of dead sperm, unfertilized and broken eggs, and debris. Rinsing may 

be repeated four or more times. Eggs are then poured slowly into large plastic buckets 

containing at least ten gallons of clean river water and allowed to soak for a minimum of 

one hour to become hardened. Again, water is periodically decanted and clean water 

added. 

Once the eggs are hardened (about 1 hour), the water is decanted through the mouth 

of a filtering cloth (approximately 2.0 millimeter aperture) held over the rim of the egg 

container and five liters each of eggs and clean river water are placed in double plastic 

bags. The primary plastic bag is squeezed shut by hand and pure oxygen injected into the 

bag. Each bag is then secured with a rubber 0-ring. The bags are placed in styrofoam 
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containers which has a cardboard box outer liner. Each box is labeled to show river name, 

date, volume of eggs, and water temperature. The fertilized eggs are then ready for 

shipment. 

Egg Viability 

Each year, improvements are made to enhance egg survival. The delicate handling 

of fish and eggs in the field is crucial to egg viability. Progressively better handling 

techniques have evolved through the cooperation of the field biologists and hatchery staff. 

Only running ripe females on the verge of extruding eggs are used. Eggs are delicately 

squeezed during stripping. If blood appears with the eggs, the squeezing process is 

terminated and the blood (which contains lactic acid detrimental to survival) is quickly 

removed. Sperm is obtained only from live males. 

Disposal of Shad 

Although efforts are made to return shad back to the river alive, most die soon after 

eggs are obtained. Shad gill-netted and stripped of eggs are disposed of according to 

conditions of the scientific collecting permit or commercial fishing permit. They are 

either sold at local market, returned to the river (usually to mid-channel), or buried. 

Transportation of Eggs to Hatchery 

Shad eggs are packaged and shipped nightly by automobile to the Van Dyke 

Hatchery. This method of delivery, sometimes requiring up to eight hours, has been 

followed since 1983. A designated person notifies the hatchery nightly as to the number 

of liters shipped and estimated time of arrival at the hatchery. 
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FACTORS WHICH AFFECT EGG COLLECTION PROGRAM 

Weather Conditions 

Weather conditions can have a significant impact on the egg collection program, 

especially since spawning may occur over only a few nights. High winds and rain storms 

create water conditions which make netting difficult. Extensive rain can increase river 

flow and alter water temperatures. American shad spawning seems to occur within a ten 

degree range (58 °F to 68 °F). Barometric pressure and winds out of the north appear to 

influence spawning but we do not yet understand the reason(s). 

Water Temperature 

Water temperature is an important factor in stimulating the spawning of shad, and 

thus the availability of mature eggs. Although differences occur between rivers, ripe shad 

are not collected until water temperature is consistently above 58 °F. Spawning is 

concluded by the time water temperature reaches about 68 °F. Monitoring water 

temperature on rivers where eggs are to be collected is very important in determining the 

appropriate time to begin collecting efforts. The initial availability of eggs (spawning) can 

vary one to two weeks annually due to water temperature. 

Water temperature can decrease as much as 10 °Fin a few days, or 5 °Fin a matter 

of 24 hours. When water temperature decreases to less than 55 °F, spawning ceases and 

ripe shad cannot be netted consistently until water temperature again increases to 58 °F 

or higher. 
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Tidal Conditions 

On some rivers, such as the Delaware and Connecticut, netting is conducted in non­

tidal areas. Thus a sampling program can be established which is repeatable. However, 

the method of capturing shad is different in tidal and non-tidal areas. Anchor nets in non­

tidal areas accumulate too much debris and provide the shad with both visual and pressure 

field net references conducive to net avoidance. Commercial fisherman state that the 

limper a net hangs in the water (producing no pressure head) the more effective the net is 

in catching fish. Anchor nets can be set parallel to shore; this method has worked well in 

the Delaware River. 

The tidal cycle includes an ebb (descending) and flood (ascending) phase which 

reverses direction every 4-6 hours. for a short period of time, usually a few minutes to 

some portion of one hour, this transition in the direction of water flow produces still or 

slack water. Slack water occurs after both f~ood and ebb tides. There are usually two high 

and two low tides per 24-hours with corresponding tidal changes occurring approximately 

one hour later each day. The factors which influence the tidal system (river flow, weather, 

lunar cycle, etc.) are important to the success of fishing in any estuarine ecosystem, e.g. 

the Hudson. The effects of several days of abnormally high or low barometric pressure, 

several days of continual north or south winds, or a period of heavy rain can alter the 

timing and strength (current) of the tide. These natural events can change the times shown 

in tidal charts by up to 90 minutes. Thus, it is best to fish according to observation of the 

natural system. 
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The specific spawning requirements of shad, such as time of day and location, must 

be coordinated with tidal factors in order to be most successful at capturing shad with gill 

nets. Gill-netting for running ripe shad is most productive with the occurrence of slack 

water, usually after a flood tide, immediately after dark and when river water is warmest 

in a 24-hour period. Shad move into relatively quiet and shallow areas to spawn and that 

activity usually continues for two to three hours. 

LOCATION OF EGG COLLECTION EFFORT 

Through the years since 1971, the rivers chosen each year for sampling have 

changed. All East Coast rivers from the Connecticut (Massachusetts) south to the 

Savannah (South Carolina- Georgia) have been explored to determine feasibility of providing 

eggs. No rivers south of Virginia provided sufficient quantities of eggs to warrant 

continuation of efforts. The James and Pamunkey rivers (Virginia), reliable sources of eggs 

for 20 years, were abandoned as an egg source in 1991 due to a decline in shad populations. 

The Columbia River (Oregon-Washington) was eliminated in the 1990 program, and 

presumably all future years, due to poor fry survival (as indicated by otolith analysis) and 

the potential presence of viral hemorrhagic septicemia (VHS). Thus, in 1993 the program 

included the Delaware, Hudson and Connecticut rivers which were previously demonstrated 

to be reliable sources of eggs. 
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Delaware River (Pennsylvania-New Jersey) 

The egg collection program continues to be conducted at Smithfield Beach, about 

eight miles upstream from East Stroudsburg, PA. The area of the river is characterized 

as non-tidal with a moderate downstream flow of fresh water. 

SRAFRC secured permission from the Delaware River Basin Fish and Wildlife Management 

Cooperative (New Jersey), to collect some 10 million shad eggs from the Delaware River. 

Biologists from the Pennsylvania Fish and Boat Commission and Ecology III, Inc. (Berwick, 

PA) conducted the collection program. Shad were captured with gill-nets set parallel to 

the current. Nets were set between dusk and midnight. 

Hudson River (New York) 

The Hudson is a relatively large estuarine system which is simple in configuration 

but very complex in physical and chemical characteristics. Egg collection efforts fell into 

two categories: collections by anchored gill-nets and haul seine. These two techniques 

were alternated in accordance with the changing tidal conditions; the haul seine was used 

. during periods of low water and gill-nets were used at all other times. The Wyatt Group's 

1993 efforts were concentrated in two primary areas, Rogers Island (River Mile 114) for 

haul seining and off Cheviot, NY (River Mile 106) for gill-netting. 
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Co[Ulecticut River (Massachusetts) 

The collection program on the Connecticut River began in 1990 on an experimental 

basis in the vicinity of the Holyoke Dam. Because of potential, extensive research for new 

spawning areas was continued during the spring of 1991. Based on the 1991 experience, 

effort continues to be conducted between Turners Fall and Sunderland, MA at river miles 

187 to 189. Shad were captured by drifted gill-nets. Biologists from Normandeau 

Associates (Bedford, New Hampshire) directed 1993 Connecticut River egg collection 

efforts. 

RE.5ULTS OF 1993 FIELD COLLECTION EFFORTS 

This section provides the results of the efforts in the spring of 1993. In addition, 

discussion is presented when explanation is useful in describing events or in consideration 

of making plans for the future. 

Delaware River (Pennsylvania-New Jersey) 

A total of 9.3 million eggs were shipped to the Van Dyke Hatchery on fourteen dates (Table 

3). The first shipment was on 10 May and the last on 3 June. Ripe shad were caught at 

water temperatures which ranged from 57 to 63 °F (mean = 60 °F). Up to 120 shad were 

captured per night. The total number of shad captured was 1,069. 
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Hudson River (New York) 

In 1993, monofilament gill-nets 600-foot x 6-foot with 4.5 inch to 5.5 inch stretch 

mesh were set beginning just before dark, tide permitting. Up to 2400 feet of net were set 

each night. The favored method was to anchor nets perpendicular to the shoreline at slack 

tide or during a slow moving flood tide. Nets were also anchored and drifted in deeper 

waters at the onset of the main channel. Water depth for set nets ranged from 4-9 feet. 

A 500-foot x 12-foot haul seine with 2-inch stretch mesh was also used to collect 

shad. Seine operations were conducted on an ebb tide, between late afternoon and dusk at 

a time when the tidal conditions provided a landing site where the catch could be 

effectively beached. 

A total of 2.97 million eggs was obtained on the Hudson River (Table 4). This 

included 1.41 million eggs from shad captured by gill-net and 1.57 million eggs from shad 

captured by haul seine. The Hudson River _ egg collection program began on 8 May and 

continued until 26 May, a period of 18 days. In this period, the program included 14 efforts 

of gill-netting and six efforts of haul seining. 

The Wyatt Group field crew initiated field sampling by gill-net off Cheviot, NY on 8 

May when the water temperature was 57 °F. For the next nine days (8-17 May) eggs were 

collected at Cheviot. Then, tidal conditions at Cheviot required that efforts be made with 

the haul seine. The Wyatt Group field crew assisted Mr. Everett Nack in capturing shad 

by haul seine off the northwest corner of Rogers Island on 18-23 May. A second crew 

utilized drift and stake nets in conjunction with the haul seining effort. 
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Connecticut River (Massachusetts) 

Normandeau Associates began Connecticut River collection efforts on the night of 24 

May with a shipment of 11 liters of eggs. A total of 7.44 million eggs was collected and 

delivered to the Van Dyke Hatchery (Table 5). The Maine Department of Marine Resources 

and Maryland Department of Natural Resources were provided with .60 million eggs and 

.45 million eggs respectively. Collection was terminated on 15 June. 

The shad population on the Connecticut differs from other rivers in that spawning 

occurs only for a period of several hours (from darkness to approximately 2300 hours). 

Water temperature and river flow influence the success of egg collection operation on the 

Connecticut. River flow can impact the ability to collect eggs on the Connecticut. When 

flows increase dramatically, shad spawning diminishes and egg collection drops. 

Swrunary of Egg Collection 

The total number of eggs delivered to the Van Dyke Hatchery in the spring of 1993 

was 19.7 million eggs. An additional 1.05 million eggs were collected and provided to co­

operative programs between SRAFRC and resources agencies of Maine and Maryland. The 

production goal was not reached on any of the rivers. 

Results on the Hudson River were much less than anticipated based on previous years 

experience. This is attributable to several factors. Commercial fishermen (Lake & Nack) 

reported a 80% decrease in the amount of fish taken from five years ago. River 

temperatures on the Hudson remained relatively cool at the end of April. Several days of 

extremely hot weather during the first week of May accelerated the water temperature by 
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8 °F, which may have shortened the spawning period. The 1993 season was characterized 

by relatively poor catches that can be seen as part of downward trend (Table 6). 

Daily production on the Connecticut River was not as high as the previous year and it has 

been reported that American shad passing Holyoke Dam have decreased as much as 50% 

between 1992 and 1993. 
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TABLE 1. Total number (millions) of American shad eggs collected 
from various rivers and delivered to the Van Dyke Hatchery, 
1980-1993. 

Year Delaware Hudson Connecticut Columbia Other* Totals 

1980 13.56 13.56 
1981 5.78 5.84 11.62 
1982 22.57 3.28 25.85 
1983 2.40 1 . 1 7 19.51 11 . 40 34.48 
1984 2.64 27.88 10.57 41.09 
1985 6.16 12.06 7 .33 25.55 
1986 5.86 39.97 6.69 52.52 
1987 5.01 23.53 4.46 33.00 
1988 2.91 26.92 1. 97 31.80 
1989 5.96 11 . 1 8 23.11 2.44 42.69 
1990 13. 15 14.53 0.94 28.62 
1991 10.74 17.66 1 . 10 0. 31 29.81 
1992 9.60 3.00 5.71 0. 17 18.48 
1993 9.30 2.97 7.44 1. 78 21.49 

TOTALS 73.73 56.30 14.25 201.33 70.74 416.32 

*Primarily the Pamunkey River and the James River. 

TABLE 2. Collecting periods for eggs of American shad, 1993. 

River Dates Fishing Efforts 

Delaware 10 May - 3 June 18 
Hudson 8 May - 26 May 20 
Connecticut 20 May - 15 June 24 

2-13 



TABLE 3. Collection data for American shad eggs taken on the 
Delaware River, Pennsylvania, 1993 . 

Volume Number PFC Water Percent 
Eggs of Shipment Temp. Viability 

Date (liters) Eggs Number (OF) 

May 10 22.0 732,608 12 61 62.8 
11 12. 8 724,735 14 63 34.5 
13 35.7 855,820 16 63 55.4 
16 24.5 798,440 19 63 45.9 
17 14. 1 430,292 21 61 75.4 
18 15.8 543,302 22 59 75.4 
19 10.2 354,484 23 56 41 . 1 
23 21 .5 656,120 28 57 68.9 
24 12.2 401,912 29 59 63.2 
25 15 .7 605,535 31 61 60.7 
26 20.9 982,689 33 63 59.3 
27 13.6 651,789 35 63 61. 6 

June 2 21.2 784,632 40 59 56.5 
3 14.3 780,837 42 59 47.1 

Total 254.5 9,303,194 Mean = 60 57.0 

TABLE 4. Collection data for American shad eggs taken on the 
Hudson River, New ·York, 1993. 

Volume Number PFC Water Percent 
Eggs of Shipment Temp. Viability 

Date (liters) Eggs Number (OF) Gear 

May 10 8.4 267,864 13 58 76 . 7 Gill 
11 4.8 146,483 15 59 56.8 Gill 
13 11. 6 386,284 17 60 75.4 Gill 
15 9.4 393,065 18 57 79.4 Gill 
16 6.5 209,545 20 58 76. 1 Gill 
19 1 0. 1 377,704 24 61 81.4 Seine/Gill 
20 15 .2 545,228 25 60 85.1 Seine 
21 9.8 326,344 26 63 79.9 Seine 
22 8.9 319,245 27 64 85. 1 Seine 

Total 84.7 2,971,763 Mean = 60 79.2 
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TABLE 5. Collection data for American shad eggs taken on the 
Connecticut River, Massachusetts, 1993 . 

Volume Number PFC Water Percent 
Eggs of Shipment Temp. Viability 

Date (liters) Eggs Number (OF) 

May 24 11. 4 430,745 30 61 88.1 
25 11. 0 358,483 32 61 76.9 
26 10.2 439,398 34 61 81 . 3 
21 14.0 462,000 36 61 0.0 
28 10.0 * Delivered to Maine DMR 
29 12.2 557,290 37 61 64.0 
30 15.2 924,152 38 60 68.8 
31 13.2 591,375 39 61 75.3 

June 2 7.4 520,616 41 58 67.8 
3 12. 0 ** Delivered to Manning Hatchery 
4 6.4 402,971 44 63 41.2 
5 8. 1 366,435 45 62 40 . 9 
7 11 . 0 522,178 46 63 19.2 
8 13. 1 553,259 47 63 68.5 
9 6.8 290,050 48 64 43 . 7 

10 8.8 390,422 49 64 77.9 
1, 11.8 483,627 so 65 71. 9 
12 4.8 259,716 51 67 74. 1 
14 5.0 215,391 52 69 65.4 
15 ,. 6 67,574 53 68 43.9 

Total 204.1 7,835,682 Mean= 63 58.5 

*Obtained for Maine Department of Marine Resources. 
*Obtained for Maryland Department of Natural Resources. 
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TABLE 6. Commercial landings of American shad in the Hudson River, New 
York & New Jersey 1915 - 1991. Source: New York Department of 
Environmental Conservation. 

Year Total (lbs) Year Total (lbs) 

1915 68,668 1956 1,681,166 
1916 40,173 1957 1,497,680 
1917 43,384 1958 1,045,765 
1918 234,602 1959 1 , 1 71 , 212 
1919 374,974 1960 723,572 
1920 199,844 1961 588,989 
1921 130,803 1962 527,680 
1922 175,186 1963 348,018 
1923 121,728 1964 181,865 
1924 94,369 1965 237,521 
1925 124,334 1966 116,332 
1926 265,420 1967 176,358 
1927 358,055 1968 254,372 
1928 246,231 1969 243,104 
1929 196,745 1970 231,571 
1930 206,504 1971 170,798 
1931 414,611 1972 288,760 
1932 539,754 1973 251,601 
1933 518,680 1974 231,631 
1934 438,000 1975 224,126 
1935 847,400 1976 212,279 
1936 2,467,900 1977 184,054 
1937 2,732,200 1978 417,448 
1938 2,467,000 1979 490,150 
1939 3,270,700 1980 1,296,970 
1940 3,114,400 1981 583,306 
1941 3,133,500 1982 345,793 
1942 3,185,900 1983 487,624 
1943 3,225,350 1984 644,644 
1944 3,809,400 1985 733,492 
1945 3,477,200 1986 734,766 
1946 2,972,143 1987 639,305 
1947 1,981,792 1988 698,532 
1948 2,354,400 1989 415,217 
1949 1,727,370 1990 378,383 
1950 1,008,900 1991 301,579 
1951 764,100 1992 252,835 
1952 1,077,100 
1953 938,722 
1954 1,249,286 
1955 1,510,340 
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JOB III . AMERICAN SHAD HATCHERY OPERATIONS, 1993 

M. L. Hendricks and T. R. Bender, Jr. 

Pennsylvania Fish and Boat Commission 

Benner Spring Fish Research Station 

State College, PA 

INTRODUCTION 

The Pennsylvania Fish and Boat 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 were to research 

culture techniques for American shad and to rear juveniles, bot~ 

fry and fingerlings, for release into the Juniata and Susquehanna 

Rivers. The program goal was to develop a stock of shad imprinted 

to the Susquehanna drainage, which will subsequently return to the 

river as spawning adults. This year's effort was supported b y 

funds from the settlement agreement between upstream hydroelectri c 

project owners and intervenors in the FERC re-licensing proceedings 

related to shad restoration in the Susquehanna River. 

Production goals for 1993 included the stocking of 10-20 

million 18-day old shad fry, and 50-100 thousand fingerlings. All 

Van Dyke hatchery-reared American shad fry were marked by immersion 

in tetracycline bath treatments in order to distinguish hatchery­

reared outmigrants from juveniles produced by natural spawning of 

transplanted adults. American shad fingerlings produced in 

Pennsylvania ponds were also marked by feeding of tetracycline 

laced feed to distinguish them from hatchery-reared fry. 
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Procedures were continued in 1993 to disinfect all eggs 

received at Van Dyke to prevent the spread of infectious diseases 

from out-of-basin s ources. Research conducted in 1993 involved 

comparison of egg viability for Delaware River eggs held until 

8:00AM before processing vs controls processed immediately upon 

arrival at Van Dyke. 

EGG SHIPMENTS 

A total of 21. 5 million eggs (559 L) were received in 53 

shipments in 1993 (Table 1 ) . This represented the second lowest 

number of eggs received since 1981 (Table 2 ) , despite the fact that 

more shipments were received at Van Dyke than ever before. Overall 

egg viability (which we define as the percentage which ultimately 

hatches ) was 58.3%. Eleven shipments of egg were received from the 

Pamunkey River (1.8 million eggs ) with a viability of 40 . 5%. 

Fourteen shipments of eggs were received from the Delaware River 

(9.3 million eggs ) with a viability of 57.0%. The Hudson River 

produced 9 shipments (3.0 million ~ggs ) with a viability of 79.2%. 

Eighteen shipments of eggs were received from the Connecticut River 

(7.4 million eggs ) with a viability of 59.0%. 

SURVIVAL 

Overall survival of fry was 66%, compared to 41% in 1992 and 

a range of 70% to 90% for the period 1984 through 1991. Survival 

of individual tanks followed three patterns (Figure 1) Twenty 

tanks exhibited 18d survival averaging 84%, typical of survival in 

the past. Fourteen tanks suffered high mortality between 9 and 14 

days of age which resulted in mean 18d survival of approximately 
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60%. The remaining 10 tanks exhibited even greater mortality 

between 9 and 14 days of age, resulting in 18d survival of 32%. 

Early indications were that the mortality problems experienced 

in 1992 (Hendricks et al., 1993) would not be repeated. The first 

eight tanks reared in 1993 exhibited survival exceeding 79%. 

On May 24, numbers of 7d old larvae in tank C31 were found 

floating on the surface of the tank with gas bubbles in the 

digestive track. Several other tanks also exhibited floating 

larvae, but less severe than in C31. No saturometer was available 

but gas bubble disease due to nitrogen supersaturation was 

suspected. Two additional packed-column degassers (total of 7) and 

two minnow-mizers were installed to deal with the problem . By the 

next day, no larvae were found floating and total dissolved gas was 

103. 04% . While total dissolved gas of 103% is typical of that 

found at Van Dyke over the last few years, levels as low as 102% 

have been found to cause gas bubble disease (Piper et al., 1982) . 

Despite the mortality of several thousand larvae due to gas bubble 

disease, survival in tank C31 was 89.8%, seventh highest overall. 

Highest daily mortality for C31 was less than 2%, not typical of 

the severe mortality experienced in 1992. A small number of 

floating larvae were observed again on June 4 in tank E21. Total 

dissolved gas was 103.29% and no other tanks were affected . 

To further reduce total dissolved gas, an oxygen injection 

system was installed on June 14. Total dissolved gas was measured 

at several locations over the next three days and ranged from 98.02 

to 101.45%. 
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The first tank to experience severe mortality problems was 

tank Ell. On May 29, at 7d of age, when mortality is normally low, 

this tank experienced 5.7% mortality. On June 1, Tank D31 

experienced 16% mortality at 12d of age. Tanks E21, F21 and G41 

experienced abnormally high mortalities on June 3 and 4. By 

Monday, June 7, it was clear that the mortality problems of 1992 

were re-occurring . Unfortunately, we were at our busiest time. 

Egg shipments were still arriving daily from the Connecticut River 

and stocking of the first larvae had begun. On June 8, we 

initiated a hastily conceived study to learn what we could about 

the cause of these mortalities. 

The goal of the study was to record incidence of feeding and 

intestinal gas bubbles to attempt to determine the age at the onset 

of the mortality problems and the relationship between feeding and 

gas bubbles to the mortalities. Samples of 50 to 100 larvae were 

collected from selected tanks in the afternoon, several hours after 

feeding had begun. The larvae were examined under a dissecting 

microscope for the presence of feed and/or gas bubbles in the 

intestine. Feed and gas bubble data was recorded as presence or 

absence, without quantification. 

A total of 216 samples were collected from 26 different tanks. 

In the early stages of the study, sampling was limited due to time 

constraints. As more tanks were stocked out, more time was 

available and more sampling was conducted. Six tanks were sampled 

nearly every day from 4 or Sd of age to stocking. 
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Incidence of Feeding 

Tanks were grouped according to percent survival, and daily 

mean incidence of feeding was plotted for each group in Figure 2. 

Tanks with low survival also exhibited low incidence of feeding on 

days 4 through 9. This implied that the observed mortality 

problems were related to feeding and occured at or before first 

feeding at 4 or Sd of age. From day 11 on, incidence of feeding 

in these tanks was similar to that in tanks with high or moderate 

survival. This was probably due to the fact that most non-feeding 

larvae die before lld of age. 

Tanks with high survival exhibited only 10% incidence of 

feeding on day 4. This anomalous result was due to the fact that 

only one of the five tanks in the high survival group was sampled 

at 4d of age. 

The relationship between incidence of feeding and survival was 

further explored by plotting the incidence of feeding against 

survival for larvae at each age from 4 to 7d of age . At 4d of age, 

no relationship was apparent, but at 5, 6, and 7d of age there was 

a clear relationship. Since all three plots were similar and we 

were interested in predicting survival as early as possible, only 

the plot for Sd of age was presented (Figure 3). We regressed 

incidence of feeding at Sd of age and the natural log of incidence 

of feeding at Sd of age against survival. A better regression was 

obtained using the natural log (r-squared = 0.76) and that 

regression was also plotted in Figure 3. The implications of this 

regression were difficult to believe. Incidence of feeding at Sd 

of age varied from 10 to 100% with little impact on survival, but 
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small changes in incidence of feeding below 5% resulted in very 

large changes in survival. One tank exhibited no feeding at Sd of 

age and 0% survival. If we consider this tank to be an outlier and 

omit it from the analysis, the regression becomes much more 

straight and makes more intuitive sense. 

Since incidence of feeding data was available, we related it 

to tetracycline marking to determine if marking impacted incidence 

of feeding. We used a sign test (Ott, 1977) to compare incidence 

of feeding on the day of marking to incidence of feeding the 

previous day for those tanks in which data was available. There 

were 10 cases where tanks exhibited increased feeding during 

marking and 18 cases where tanks exhibited decreased feeding during 

marking. These results were not statistically significant at the 

.OS level (z= 1.51, zcrit= 1.96). Despite the fact that we were 

unable to show it statistically, we suspect that tetracycline 

marking does result in some decrease in incidence 9f feeding, 

however, there was no indication that marking causes mortality. 

First, millions of larvae in hundreds of tanks were marked from 

1985 to 1991 with no increase in mortality. Second, identically 

marked tanks vary in survival from Oto 90% . 

Incidence of gas bubbles 

Mean incidence of gas bubbles in the intestinal tract of 

American shad larvae declined gradually from 17.3% at 4d of age to 

1. 7% at 2 Od of age. Least squares regression resulted in a 

prediction line of Y= 17.63 -0.71X where Y was the incidence of gas 

bubbles (%) and X was age in days (r-squared = 0.63, Figure 4). 

Incidence of gas bubbles at age was plotted against survival for 
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ages 4 through 11 (days ) . All plots resulted in scatters whic. 

exhibited no relationship between incidence of gas bubbles anc 

survival. While the cause of these gas bubbles is unknown there 

appears to be no relationship between the occurrence of gas in the 

intestinal tract and survival . 

Water Quality Analysis 

The fact that some tanks exhibited high survival, while other 

concurrently reared tanks exhibited low survival, implied that 

water quality was not causing the mortalities. However, as a 

precautionary measure, and to eliminate water quality from further 

concern, we c ontracted for extensive testing of heavy metals and 

semi-volatile organics. Two samples, one from the egg battery and 

one from tank D4 (without fish ) were collected on August 3. Tests 

were conducted for 24 heavy metals, 46 base/neutral extractables 

and 11 acid extractables. For the heavy metals, only barium, 

calcium, magnesium and sodium were above detectable limits. None 

approached toxic levels. For the semi-volatiles, all compounds 

were below detectable limits. This confirmed that Van Dyke source 

water is extremely pure and the mortalities were not related to 

water quality. 

Pathology 

Pathology reports 

etracycline resistant, 

arval American shad 

from 1992 indicated an abundance of 

motile aeromonads present in the gut of 

(Hendricks el al., 1993 ) . Aeromonad 

1fections have been linked to American shad mortalities in the 

ld (Haley et al., 1967 ) . Based on the 1992 pathology data, we 

1ld not conclude whether the aeromonad infections were primary 
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(causative) or secondary to some other causative factor. 

Three bacterial samples were collected in 1993. The first 

sample was collected in tank B21 (survival 79.5%) on May 13 (before 

mortality problems became evident). The larvae were examined and 

no abnormalities or pathogens were observed. Only a few motile 

bacteria were noted, unlike the 1992 samples in which motile 

bacteria were extremely abundant. Ten bacterial cultures were 

obtained from these larvae. Four were motile aeromonads, one was 

a gram positive bacillus, and five were miscellaneous gram negative 

bacilli, predominantly non-motile. The motile aeromonads were 

sensitive to terramycin and neomycin, unlike the 1992 cultures 

which were resistant to terramycin. Four of the six other cultures 

were also sensitive to terramycin. These data suggested that the 

bacterial flora in B21 was more representative of normal bacterial 

flora than the cultures obtained in 1992. 

The second bacterial sample was collected on June 10 from a 

tank which was exhibiting abnormally high mortalities. Twenty 

representative colonies were selected for identification. Eight 

colonies were identified as Pseudomonas fluorescens, 6 colonies 

were Enterobacter agglomerans, and 2 colonies were Acinetobacter 

.§12£. There was also one colony each of Aeromonas hydrophila, 

Pseudomonas alcaligenes, Pseudomonas fil2P..:.., and Klebsiella ..ru;m. 

Drug sensitivities suggested that the majority of these were 

susceptible to terramycin (Pseudomonas fluorescens, 6 colonies; 

Enterobacter agglomerans, 4 colonies; Acinetobacter ~ 1 colony; 

Pseudomonas alcaligenes, 1 colony; Pseudomonas fil2P..:.., 1 colony; and 

Klebsiella .§12£, 1 colony). Since tetracycline had been used to 
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mark the otoliths in these fish, most of the bacteria had probably 

not been present long enough to be associated with the observed 

mortalities. This suggested that bacterial infections were not 

the primary cause of the observed mortalities. 

A third group of samples was collected on June 21. Three 

tanks were sampled: tank J31, lld of age, 68% survival; tank J41, 

lld of age, 0% survival; and tank A42, 8d of age, 32% survival . 

Viral assays for all three tanks were negative. Microscopic 

examination revealed that fish from tank J41 (high mortalities} 

were devoid of food, while those from J31 and A42 had some food or 

brine shrimp cysts in the gut. Motile bacteria were present in the 

intestines of fish from all three tanks. Histological evaluations 

revealed the presence of large numbers of bacteria in the 

intestines of all three groups of fish. The groups with high 

mortalities (tanks J41 and A42 ) had large numbers of bacteria in 

the lumen, areas where bacteria were attached to the intestinal 

epithelium, and sloughing of the intestinal epithelial cells. The 

bacterial species associated with these epithelial changes could 

not be identified, and it was not clear whether these changes were 

the cause of the reduced feeding and mortalities, or whether they 

were secondary to some other factor. 

Bacterial cultures were obtained from 3 larvae from each tank. 

A total of 52 pure cultures were isolated . Identification of these 

cultures was attempted but apparently errors were made in 

cytochrome oxidase tests and the results were inconsistent. While 

the resultant identifications were suspect, it was possible to say 

that there were no major differences in the bacterial flora 
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between the three tanks. Additionally, unlike the first two 

samples, the majority of the cultures in the third sample were 

terramycin resistant (J41, 7 of 9; J31, 13 of 17; A42, 12 of 14). 

It was apparent that a general change occurred in the ratio of the 

types of bacteria present between the second (June 10) and third 

(June 21 ) samples. The fact that there was no apparent difference 

in the bacterial flora between the three tanks with different 

levels of mortality suggests that the bacterial infections were 

secondary to some other causative factor. 

Anecdotal information on aeromonad infections has been 

provided by Sam Chapman (pers. comm. ) who operates a small American 

shad hatchery in Waldoboro Maine. Mr . Chapman noted a kill of 

tadpoles his hatchery water supply pond. The tadpoles were found 

rolling on the surface of the pond. 

sores, obvious gas bubble disease 

They were spotted with open 

and were very stressed. 

Pathology reports from the University of Maine isolat~d Aeromonas 

hydrophila. Despite this problem in his source water, Mr. Chapman 

noted no problems with the American shad in tanks in his hatchery 

building. He did experience a minor problem with gas in the 

intestines of American shad larvae in early tank culture. He 

attributed it to over feeding of AP-100. This also suggested that 

Aeromonas infections were secondary to some other causal factor. 

Use of foam bottom screens on egg jars 

Egg shipment 40 (Delaware River eggs) was received on June 3, 

1993 and assigned to a research project to determine the affect of 

delaying processing of eggs until 8: OOAM on egg viability (see 

Appendix 1 ) . Eggs were incubated in a Van Dyke Jar with an open 
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cell foam bottom screen and in 4 May-Sloan jars with window screen 

bottom screens. The Van Dyke jar was transferred to tank J41 for 

hatch while the 4 May-Sloan jars were put on tank J31. Initial 

densities were 192,000 for J41 and 235,000 for J31. By day 11, 

tank J41 exhibited total mortality. At 18d of age tank J31 was 

stocked with total survival of 68%. The only difference in the 

culture of the two tanks was the type of egg jar and bottom screen 

used during incubation. 

Open cell foam was first used for bottom screens at Van Dyke 

in 1990. A controlled experiment was conducted with two 

replicates, each replicate consisted of one jar with a window 

screen (control) and one jar with a foam screen (Hendricks et al., 

1991) . In 1991, the study was repeated with four replicates 

(Hendricks et al., 1992). An additional 25 jars were incubated 

with foam bottom screens which were not a part of the study. 

Because these were our first experiences with foam screens, the 

foam was new, recently purchased and cut to fit the jars. Foam 

screens were exclusively used in 1992 when the mortality problems 

were first noted. No records were kept of which jars received old 

screens from 1990 and 1991 and which, if any, received new screens . 

Although no records of old or new screens were kept in 1993, we 

recall that some new screens were constructed in 1993 and used for 

the first shipments. Coincidently, the first eight tanks reared in 

1993 experienced good survival. Based on this information, and the 

experience with tanks J31 and J41, we believe that the use of old 

foam bottom screens is related to the unexplained mortalities in 

1992 and 1993. We further speculate that the foam may have reacted 

3- 11 



with sunlight, ozone or iodophor disinfectant to produce toxic 

substances or that the foam may have broken down and given off 

minute particles which clogged the digestive tract or otherwise 

interfered with feeding. 

FRY PRODUCTION 

Production and stocking of American shad fry, summarized in 

Tables 2, 3 and 4, totaled 8.4 million. A total of 6.5 million was 

released in the Juniata River and 790 thousand in the Lehigh River. 

Some 539 thousand fry were transferred to the Virginia Department 

of Game and Inland Fisheries for release in the James River. An 

additional 515 thousand were transferred to ponds in Pennsylvania 

and Maryland for grow-out and release as f ingerlings. Fifteen 

thousand were transferred to the National Fishery Research and 

Development Lab in Wellsboro to be used in research, and seven 

thousand were transferred to Benner Spring raceways for mark 

retention analysis. 

TETRACYCLINE MARKING 

All American shad fry produced at Van Dyke received marks 

produced by immersion in tetracycline (Table 5). Immersion marks 

were administered by bath treatments in 200 ppm tetracycline 

hydrochloride for 6h duration. All fry releases took place in the 

Juniata River. Fry originating from Delaware River eggs were 

assigned a triple mark on days 3, 13, and 17. Hudson River fry 

were assigned a triple mark on days 5, 9, and 13. Connecticut 

River fry were assigned a quintuple mark on days 5, 9, 13, 17, and 

21; except two tanks of fry which received a single mark on day 5 

and were stocked on day 7. One tank of Connecticut River fry 
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received experimental marks by 2h immersion on days 9 and 17, in 

addition to 6h immersions on days 5, 13 and 21. 

Analysis of otoliths from juvenile American shad collected in 

the Susquehanna River in 1993 revealed several specimens with marks 

that did not correspond to the assigned marking regime (see JobIV). 

We explored the possibility of an error in marking by comparing 

various data records kept during the rearing season. These records 

included a wall chart kept to track egg shipments and tank 

dispositions, a computer generated daily record of TC treatments 

and associated water quality data, a record of tetracycline 

inactivation in our small pond, and a running record of 

tetracycline inventories. The first three of these records 

correspond to the assigned TC marking regime for all tanks, however 

the last suggests the possibility of an error in marking. On June 

12, four tanks were to have been marked, including tank !21. On 

the tetracycline inventory record, tank H21 is listed as marked 

instead of tank !21. If that were true, tank H2l (Delaware River) 

would have been marked at 3, 11, 1·3, and l 7 days of age and tank 

!21 (Connecticut River) would have been marked at 5, 13, 17, and 21 

days of age. Since the juvenile shad collections recovered 3 shad 

with marks on days 3, 11, 13, and 17 and 2 shad with a mark on days 

5, 13, 17, and 21, we believe that such an error did occur. 

American shad fry transferred to Maryland DNR for fingerling 

culture and release below Conowingo Dam received a double immersion 

mark at five and nine days of age. All fingerlings released in 

Pennsylvania received additional marks by feeding tetracycline 

laced feed. These fish received immersion marks based upon egg 
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source river and unique multiple feed marks for each culture pond 

(Table 5 ) . 

Verification of mark retention was accomplished by stocking 

groups of marked fry in raceways or ponds and examining otolith 

samples collected during harvest. Retention of immersion marks for 

American shad was 100% for all groups analyzed, including the 

experimental 2h marks (Table 6). Small numbers of fish (3-12%) in 

the Canal Pond and Upper Spring Creek Ponds 2 and 3 did not exhibit 

the attempted feed mark. These fish were characteristically 

smaller fish which probably subsisted on natural forage and did not 

ingest enough treated feed to produce a mark. Maryland DNR ponds 

in Elkton contained small numbers of juvenile blueback herring 

which probably entered the ponds via the influent. Sub-samples of 

these herring were examined for marks and none were found. All 

-

American shad otoliths from these ponds exhibited the expected -

mark. 

FINGERLING PRODUCTION 

American shad fingerlings were produced in the Canal Pond 

(Thompsontown) and Upper Spring Creek Ponds. A mark-recapture 

population estimate was conducted prior to the release of 

fingerlings from the Canal Pond. Specimens were collected for 

marking using a conical lift net similar to the one described by 

Backman and Ross (1990 ) . The lift net was 6 feet (1.9 m) in length 

and measured 60 inches (1.5 m) in diameter at the top. It was 

tapered to 29 inches ( .7 m) in diameter, 4 feet (1.2 m) from the 

top. The bottom 24 inches (.6 m) was tapered to fit over a 5 gal. 
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bucket. The net was mounted on the kettle at the deep end of the 

pond. Juvenile American shad were attracted above the net by 

feeding and, using a tripod and boom, the net was lifted to capture 

the fish in the 5 gal. bucket. The fish were then poured from the 

5 gal. bucket into a circular fiberglass tub. They were then 

transported by truck to the influent end of the pond where they 

were water brailed and hand-counted into a 5 foot diameter tank . 

Circular fresh water flow to the tank was established using the 

pond influent supply and appropriate plumbing fixtures. After 

approximately 16h, fish which suffered handling mortality were 

removed and counted. Water level in the tank was lowered to 30 

inches, and 73.2g Bismark Brown was added to achieve a 

concentration of 53 mg/ L. Pure oxygen was bubbled into the tank 

and after a 20 min. immersion, the dyed fish were released into the 

center of the pond. After waiting several hours for the dyed fish 

to mix with the population, recapture samples were collected by 

lift net and the number of marked and unmarked specimens recorded. 

Drawdown of the pond continued during the recapture sample. 

A total of 1,485 juvenile shad were collected in 9 marking 

lifts. The net appeared to work well and cause little damage or 

scale loss. Prior to marking, 65 dead (4.4%) were removed from the 

tank, leaving 1,420 fish for marking. The first four recapture 

lifts included 17 marked and 989 unmarked specimens, resulting in 

a population estimate of nearly 88,000 (Everhart et al., 1975). 

The next five recapture lifts included 45 marked and 1008 unmarked 

specimens, resulting in a population estimate of 35,400 fish 

(corrected for the release of the fish from the first four lifts) . 

It is apparent that for the first four lifts, the marked fish 

(released in mid-pond) had not fully mixed with unmarked fish . 
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Continued drawdown of the pond during recapture sampling forced the 

marked fish into the kettle area for the latter five lifts. 

Therefore, we have chosen to utilize data from the last five lifts 

only, resulting in a population estimate of 35,400. 

percent confidence interval was 25,249-45,464. 

Ninety-five 

The Canal Pond was harvested in the same manner as in 1992. 

All pond boards were removed except a single set in the front of 

the catch basin. The catch basin was then cleared of ashes and 

debris. Boards were reinstalled in the rear of the catch basin 

with a quick release board on the bottom. The pond was then 

drained slowly by removing front and rear boards until five front 

boards remained. At this point the front five boards were removed 

giving the fish access to the kettle. Water depth was 

approximately 30 to 36 inches in front of the kettle and 54 to 60 

inches in the kettle itself. Juvenile shad were then lured into 

the kettle using feed. When a large school of shad - entered the 

kettle, boards were reinstalled in front of the kettle trapping the 

fish. The quick-release was then activated and the kettle emptied 

into Delaware Creek. The remaining water in the pond was held back 

by the front boards. The quick-release was then reset and the 

kettle allowed to fill with pond water. The front boards were 

again removed and the process repeated. The majority of the fish 

in the pond were released by repeating the process 5 or 6 times . 

The few remaining fish were released by further draining of the 

pond and eventual quick-release to Delaware Creek. 

This was definitely the most successful Canal Pond harvest to 

date. A very large number of healthy fish were released with very 

little mortality. Within 2 hours of release we began feeding the 

fish in Delaware Creek. Tens of thousands of fingerlings could be 
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seen aggressively feeding in dense schools. We consider the 1993 

Canal Pond effort to be the standard by which such efforts should 

be judged. 

UPPER SPRING CREEK 

The three Upper Spring Creek ponds were stocked with 

approximately 76,000 22d old fry each on June 8, 1993. The fish 

did quite well, and at 35 days of age, supplemental feeding was 

initiated. There were no problems experienced during the rearing 

period . 

A total of 44,000 fingerlings were released into the Juniata 

River, at Thompsontown, from the Upper Spring Creek ponds in 1993 . 

The · fish were 2-4 inches in length and were in good condition. 

Pond #3 was harvested on September 15, 1993 . A mark-recapture 

population estimate was conducted using the procedures described by 

Hendricks and Bender (1993). A total of 941 fish were marked. Of 

the 1,601 fish in the recapture sample, 65 were marked, giving an 

estimate of 23,177 fish as the pond population. During transport, 

approximately 5,000 fish were lost ; presumably due to overcrowding 

in some of the compartments. Fish numbers were reduced in 

succeeding transports and no further losses were encountered . It 

was estimated that a total of 18,000 live fish were released into 

the Juniata River from Pond #3. 

A population estimate was also done on Pond #2. A total of 

1,046 fish were marked. Of the 1,516 fish in the recapture sample, 

115 were marked, yielding a total pond population estimate of 

13,789 fish. Approximately half the fish were stocked on September 

23 and half on September 24; a total of 14,000 from Pond #2. 

Approximately 12,000 fish were stocked from Pond #1; 7,000 on 

October 8, and 5,000 on October 12. A population estimate was not 
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done on Pond #1, but the total number of fish was estimated 

visually, based on the two previous mark-recapture estimates. 

A grand total of 49,000 fingerlings were produced in the Upper 

Spring Creek Ponds in 1993, representing 21.3 percent survival from 

fry to fingerling. Of those fish produced, 44,000 were released, 

in good condition, into the Juniata River at Thompsontown. 

SUMMARY 

A total of 53 shipments (21.5 million eggs) was received at 

Van Dyke in 1993. Total egg viability was 58.3% and survival to 

stocking was 66%, resulting in production of 8.4 million fry. The 

majority of the fry were stocked in the Juniata River (6. 5 

million). Fry were also released in the Lehigh River (790 

thousand) , and the James River ( 53 9 thousand released by the 

VDGIF). A total of 79,400 fingerlings were produced at 

Thompsontown and Upper Spring Creek and stocked into ·the Juniata 

River. An additional 100,000 American shad and blueback herring 

fingerlings were produced in Maryland DNR ponds at Elkton, and 

released directly into receiving waters. 

Overall survival of fry was 66%, up from 41% in 1992 . 

Survival was negatively impacted by re-occurrence of the mortality 

problems which occurred in 1992. Data collected in 1993 suggests 

that the problem was related to feeding and occured at or before 

first feeding at 4 or 5d of age. There was evidence that re-use of 

old open cell foam bottom screens in Van Dyke incubation jars may 

have been the cause of the problem. 

All American shad fry cultured at Van Dyke were marked by 

immersion in 200 ppm tetracycline. Fry released in the Juniata 

River received unique marks based on egg source river. Delaware 
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River fry received a triple mark on days 3, 13, 17; Hudson River 

fry received a triple mark on days 5, 9 and 13; and Connecticut 

River fry received a quintuple mark on days 5, 9, 13, 17, and 21. 

Fingerlings grown-out in Elkton and released below Conowingo Dam 

received a double immersion mark on days 5 and 9. Fingerlings 

grown-out in Pennsylvania ponds received additional multiple feed 

marks unique to each individual pond. 

Retention of tetracycline marks was 100% for immersion marks, 

but feed marks were not retained in some specimens. 

Delaware River American shad eggs exhibited no significant 

difference in viability when processing was delayed until 8:00 AM 

as compared to controls which were processed immediately upon 

arrival at Van Dyke. 

Mark-recapture population estimates were attempted for 

fingerling shad reared in the Canal Pond and Upper Spring Creek 

Ponds 2 and 3 . An estimated 35,400 fingerlings were released from 

the Canal Pond, 5,000 from Upper Spring Creek Pond 1, 14,000 from 

Upper Spring Creek Pond 2, and 18,000 from Upper Spring Creek Pond 

3 . 
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2 . 

RECOMMENDATIONS FOR 1994 

Continue to disinfect all egg shipments at 80 ppm free iodine. 

Utilize Maryland's Manning Hatchery for production of marked 

fry and fingerlings for release below Conowingo Dam. 

3. Continue to feed all ponded fingerlings by hand in addition to 

automatic feeder to ensure complete TC mark retention. 

4. Continue to hold egg jars on the incubation battery until eggs 

begin hatching, before sunning and transferring to the tanks. 

5 . Investigate the effect of new vs. used foam bottom screens in 

Van Dyke jars. 

6. Continue to siphon egg shells from the rearing tank within 

hours of egg hatch. 

7 . Continue to disinfect all hatchery equipment between use in 

each rearing tank. 

8 . Continue to utilize separate sets of equipment for hatchery 

work and outdoor work (ponds, river stocking). 

9 . Continue to utilize left over AP-100 only if freshly 

manufactured supplies run out. · 

10. Continue to conduct mark-recapture population estimates for 

pond fingerlings prior to harvest. 

11 . Alter egg processing protocol to delay processing of Virginia 

and Delaware River eggs until 8:00AM. 
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- Table 1. American shad egg shipments recieved at Van Dyke, 1993. 

Vol. 
Ship- Rec -
ment Date Date eived Viable Percent 

No. River Shleeed Recieved (L) Eggs Eggs Viable 
1 Pamunkey 4/ 13/93 4/14/93 4.1 174,883 0 0.0% 
2 Pamunkey 4/ 15/93 4/16/93 3.1 101 ,027 30,237 29.9% 
3 Pamunkey 4/ 17/93 4/18/93 4.1 133,616 91 ,797 68.7% 
4 Pamunkey 4/ 18/93 4/19/93 2.4 85,189 22,832 26.8% 
5 Pamunkey 4/24/93 4/ 25/93 4.1 119,661 23,655 19.8% 
6 Pamunkey 4/25/93 4/26/93 10.7 301,878 151 ,519 50.2% 
7 Pamunkey 4/26/93 4/27/93 3.6 112,312 59,388 52.9% 
8 Pamunkey 4/27/93 4/28/93 6.8 210,585 99,446 47.2% 
9 Pamunkey 4/28/93 4/24/93 6.3 192,258 86,307 44.9% 

10 Pamunkey 5/1/93 5/2/93 6.2 210,934 117,359 55.6% 
11 Pamunkey 5/2/93 5/3/93 2.7 139,511 39,652 28.4% 
12 Delaware 5/10/93 5/ 11/93 22.0 732,608 459,981 62.8% 
13 Hudson 5/1 0/93 5/ 11/93 8.4 267,864 205,535 76.7% 
14 Delaware 5/11 /93 5/ 12/93 12.8 724,735 250,000 34.5% 
15 Hudson 5/1 1/93 5/12/93 4.8 146,483 82,503 56.3% 
16 Delaware 5/13/93 5/1 4/93 25.7 855,820 474,140 55.4% 
17 Hudson 5/13/93 5/ 14/93 11 .6 386,284 291,241 75.4% 
18 Hudson 5/15/93 5/ 16/93 9.4 393,065 312,119 79.4% 
19 Delaware 5/1 6/93 5/17/93 24.5 798,440 366,700 45.9% 
20 Hudson 5/16/93 5/ 17/93 6.5 209,545 159,529 76.1% 
21 Delaware 5/17/93 5/ 18/93 14.1 430,292 324,602 75.4% 
22 Delaware 5/ 18/93 5/19/93 15.8 543,302 409,826 75.4% 
23 Delaware 5/ 19/93 5/20/93 10.2 354,484 145,789 41 .1% 
24 Hudson 5/ 19/93 5/20/93 10.1 377,704 307,341 81 .4% 
25 Hudson 5/20/93 5/21 /93 15.2 545,228 463,971 85.1% 
26 Hudson 5/21/93 5/22/93 9.8 326,344 260,888 79.9% 
27 Hudson 5/22/93 5/23/93 8.9 319,245 271 ,664 85.1% 
28 Delaware 5/23/93 5/24/93 21 .5 656,120 451 ,898 68.9% 
29 Delaware 5/24/93 5/ 25/93 12.2 401 ,912 253,830 63.2% 
30 Connecticut 5/24/93 5/25/93 11.4 430,745 379,320 88.1% 
31 Delaware 5/25/93 5/26/93 15.7 605,535 367,844 60.7% 
32 Connecticut 5/25/93 5/26/93 11 .0 358,483 275,683 76.9% 
33 Delaware 5/26/93 5/27/93 20.9 982,689 583,221 59.3% 
34 Connecticut 5/26/93 5/27/93 10.2 439,398 357,268 81.3% 
35 Delaware 5/27/93 5/28/93 13.6 651 ,789 401,736 61.6% 
36 Connecticut 5/27/93 5/28/93 14.0 462,000 0 0.0% 
37 Connecticut 5/29/93 5/30/93 12.2 557,290 356,829 64.0% 
38 Connecticut 5/30/93 5/31/93 15.2 924,152 636,176 68.8% 
39 Connecticut 5/31/93 6/1/93 13.2 591 ,375 445,277 75.3% 
40 Delaware 6/2/93 6/3/93 21 .2 784,632 442,986 56.5% 
41 Connecticut 6/2/93 6/3/93 7.4 520,616 353,191 67.8% 
42 Delaware 6/3/93 6/4/93 14.3 780,837 367,518 47.1% 
43 Connecticut 6/3/93 6/4/93 12.0 Delivered to Manning 
44 Connecticut 6/4/93 6/5/93 6.4 402,971 165,888 41.2% 
45 Connecticut 6/5/93 6/6/93 8.1 366,435 150,000 40.9% 
46 Connecticut 6/7/93 6/8/93 11 .0 522,178 50,000 9.6% 
47 Connecticut 6/8/93 6/9/93 13.1 553,259 378,929 68.5% 
48 Connecticut 6/9/93 6/ 10/93 6.8 290,050 126,866 43.7% 
49 Connecticut 6/ 10/93 6/ 11/93 8.8 390,422 304,163 77.9% 
50 Connecticut 6/11/93 6/ 12/93 11 .8 483,627 347,637 71.9% 
51 Connecticut 6/12/93 6/13/ 93 4.8 259,716 192,494 74.1% 
52 Connecticut 6/14/93 6/15/93 5.0 215,391 140,796 65.4% 
53 Connecticut 6/15/93 6/16/93 1.6 67,574 33,070 48.9% 

Totals No. of shiQments 
Pamunkey 11 54 1,781 ,857 722,191 40.5% 
Delaware 14 245 9,303,194 5,300,071 57.0% 
Hudson 9 85 2,971 ,763 2,354,791 79.2% 
Connecticut 18 175 7,445,260 4,389,424 59.0% 
Grand Total 53 559 21,502,074 12,766,477 58.3% 
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Table 2. Annual summary of American shad production in the Susquehanna River Basin, 1976-1993. 

No. of shad stocked 
(all rivers) 

Egg No. of Fish Fish 
Egg No. of Via- Viable Fing- Stocked/ Stocked/ 
Vol. Eggs bility Eggs Fry erling Total Eggs Viable 

Year (L) (exp.6) (%) (exp.6) (exp.3) (exp.3) (exp.3) Rec'd Eg_gs 

w 1976 120 4.0 52.0 2.1 518 266 784 0.194 0.373 I 
N 

1977 146 6.4 46.7 2.9 969 35 1,003 0.159 0.342 ~ 

1978 381 14.5 44.0 6.4 2,124 6 2,130 0.104 0.330 
1979 165 6.4 41.4 . 2.6 629 34 664 0.104 0.251 
1980 348 12.6 65.6 8.2 3,526 5 3,531 0.283 0.431 
1981 286 11.6 44.9 5.2 2,030 24 2,053 0.177 0.393 
1982 624 25.9 35.7 9.2 5,019 41 5,060 0.196 0.548 
1983 939 34.5 55.6 19.2 4,048 98 4,146 0.120 0.216 
1984 1,157 41.1 45.2 18.6 11,996 30 12,026 - 0.728 
1985 814 25.6 40.9 10.1 6,960 115 7,075 0.279 0.682 
1986 1,536 52.7 40.7 21.4 15,876 61 15,928 0.302 0.744 
1987 974 33.0 47.9 15.8 10,274 81 10,355 0.314 0.655 
1988 885 31.8 38.7 12.3 10,441 74 10,515 0.331 0.855 
1989 1,221 42.7 60.1 25.7 22,267 60 22,327 0.523 0.869 
1990 897 28.6 56.7 16.2 12,034 253 12,287 0.430 0.758 
1991 903 29.8 60.7 18.1 12,963 233 13,196 0.443 0.729 
1992 532 18.5 68.3 12.6 4,645 34 4,679 0.253 0.371 
1993 558 21.5 58.3 12.8 7,870 79.4 7,949 0.370 0.621 
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Table 3. American shad stocking and fish transfer activities, 1993. 

Tank/ Mark 
Date Pond Number (da}'.S} Location Origin Age Size 
5/26/93 B11 100,500 3,13,17,21 VDGIF (James River) Pamunkey 32 Fry 
5/26/93 B21 160,800 3,13,17,21 VDGIF (James River) Pamunkey 24 Fry 
5/26/93 B31 153,600 3, 13, 17,21 VDGIF (James River) Pamunkey 22 Fry 
5/26/93 B21 3,000 3, 13, 17,21 Benner Spring Raceway E1 Pamunkey 24 Fry 
6/3/93 B41 123,900 3,13,17,21 VDGIF (Harrison Lake) Pamunkey 26 Fry 
6/3/93 C21 500 5,9 NFRDL Delaware 17 Fry 
6/3/93 121 7,000 None NFRDL Connecticut 0 Fry 
6/3/93 011 37,900 5,9,13 Thompsontown Hudson 15 Fry 
6/4/93 C21 185,200 5,9 Elkton Ponds Delaware 18 Fry 
6/4/93 C21 2,000 5,9 Benner Spring Raceway E2 Delaware 18 Fry 
6/4/93 C31 100,000 5,9,13 Canal Pond Hudson 18 Fry 
6/4/93 C31 84,700 5,9,13 Thompsontown Hudson 18 Fry 
6/7/93 C41 205,300 3,13,17 Lehigh River Delaware 19 Fry 
6/7/93 D21 307,300 3,13,17 Lehigh River Delaware 18 Fry 
6/7/93 D31 108,500 3,13,17 Lehigh River Delaware 18 Fry - 6/8/93 C11 230,100 3,13,17 Upper Spring Creek Ponds Delaware 22 Fry 
6/10/93 041 210,000 5,9,13 Thompsontown Hudson 21 Fry 
6/10/93 041 500 5,9,13 NFRDL Hudson 21 Fry 

-· 6/10/93 J41 7,000 NFRDL Delaware 0 Fry 
6/10/93 E11 184,200 5,9,13 Thompsontown Hudson 19 Fry 
6/11/93 E21 69,700 3,13,17 Thompsontown Delaware 19 Fry 
6/11/93 E31 120,300 3,13,17 Thompsontown Delaware 19 Fry 
6/12/93 E41 260,400 3,13,17 Thompsontown Delaware 19 Fry 
6/13/92 F11 347,900 3,13,17 Thompsontown Delaware 19 Fry 
6/13/93 J11 541 ,400 5 Thompsontown Connecticut 7 Fry 
6/14/93 F21 33,000 3,13,17 Thompsontown Delaware 19 Fry 
6/14/93 J21 350,300 5 Thompsontown Connecticut 7 Fry 
6/15/93 F31 150,800 5,9,13 Thompsontown Hudson 20 Fry 
6/15/93 F41 199,900 5,9,13 Thompsontown Hudson 18 Fry 
6/17/93 G11 151 ,300 5,9,13 Thompsontown Hudson 20 Fry 
6/18/93 G21 85,400 5,9,13 Thompsontown Hudson 20 Fry 
6/18/93 G31 262,100 3,13,17 Thompsontown Delaware 19 Fry 
6/19/93 G41 85,300 3,13,17 Thompsontown Delaware 19 Fry 
6/22/93 H11 208,800 5,9,13,17,21 Thompsontown Connec1icut 22 Fry 
6/22/93 H21 227,700 3,11,13,17 Thompsontown Delaware 21 Fry 
6/23/93 H41 306,700 3,13,17 Thompsontown Delaware 20 Fry 
6/24/93 H31 151 ,300 5,9,13,17,21 Thompsontown Connec1icut 22 Fry 

...... 6/24/93 111 197,400 3,13,17 Thompsontown Delaware 21 Fry 
6/25/93 121 243,800 5,13,17,21 Thompsontown Connec1icut 22 Fry 
6/26/93 131 287,000 3,13,17 Thompsontown Delaware 22 Fry 
6/28/93 J31 168,500 3,13,17 Lehigh River Delaware 18 Fry 
6/29/93 141 234,600 5,9,13,17,21 Thompsontown Connecticut 23 Fry 
7/1/93 A12 319,500 5,9,13,17,21 Thompsontown Connecticut 22 Fry 
7/2/93 A22 301 ,900 3,13,17 Thompsontown Delaware 21 Fry 

"- 7/3/93 A32 75,200 5,9,13,17,21 Thompsontown Connecticut 22 Fry 
7/6/93 812 20,600 5,9,13,17,21 Thompsontown Connecticut 22 Fry 
7/8/93 822 178,600 5,9,13,17,21 Thompsontown Connecticut 23 Fry 
7/8/93 822 2,000 5,9, 13, 17,21 Benner Spring Raceway E3 Connecticut 23 Fry 
7/9/93 A42 38,600 9,13,17,21 ,25 Thompsontown Connecticut 26 Fry 
7/9/93 832 66,800 5,9,13,17,21 Thompsontown Connecticut 22 Fry 
7/9/93 842 180,700 5,9,13,17,21 Thompsontown Connecticut 22 Fry 
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Table 3. (Continued). 

Tank/ Mark 
Date Pond Number {da1'.s) Location Origin Age Size 
7/10/93 C12 75,000 5,9, 13, 17,21 Thompsontown Connecticut 22 Fry 
7/10/93 C22 91 ,100 5,9, 13, 17,21 Thompsontown Connecticut 22 Fry 
7/11/93 C32 120,700 5,9, 13, 17,21 Thompsontown Connecticut 22 Fry 
7/13/93 C42 40,900 5,9, 13, 17,21 Thompsontown Connecticut 22 Fry 
8/18/93 Canal 35,400 5,9,13+ Thompsontown Hudson 93 Fing. 

Pond single feed 
9/15/93 Upper 18,000 3,13,17 + Thompsontown Delaware 121 Fing. 

Spring triple feed 
Creek 
Pond3 

9/23/93 Upper 7,000 3,13,17 + Thompsontown Delaware 129 Fing. 
9/24/93 Spring 7,000 double feed Thompsontown Delaware 130 Fing. 

Creek 
Pond2 

10/8/93 Upper 7,000 3,13,17 + Thompsontown Delaware 144 Fing. 
10/12/93 Spring 5,000 single feed Thompsontown Delaware 148 Fing. 

Creek 
Pond 1 

10/8/93 Harrison 4,250 3,13,17,21 VDGIF (James River) Pamunkey 153 Fing. 
1 0/15/93 Lake 15,000 - 3,13,17,21 VDGIF (James River) · Pamunkey 160 Fing. 

Ponds 30,000 
10/18/93 Elkton 50,000 * 5,9 Elk River Delaware 154 Fing. 

Pond 2 
10/18/93 Elkton 30,000 5,9 Elk River Delaware 154 Fing. 

Pond3 
10/20/93 Elkton 20,000 5,9 Elk River Delaware 156 Fing. 

Pond 1 
10/21193 PEPCO 15,000 single feed Patuxent River Connecticut 135 Fing. 
10/22/93 PEPCO 4,500 single feed Patuxent River Connecticut 136 Fing. 
10/27193 PEPCO 5,000 single feed Paluxent River Connecticut 141 Fing. 
10/28/93 PEPCO 8,800 single feed Patuxent River Connecticut 142 Fing. 
11/2/93 PEPCO 18,000 single feed Patuxent River Connecticut 146 Fing. 
11 /3/93 PEPCO 20,000 single feed Patuxent River Connecticut 147 Fing. 
11 /9/93 PEPCO 20,700 single feed Patuxent River Connecticut 153 Fing. 

*Of the 100,000 fish stocked from Elkton Ponds, 8,537 were presumed to be blueback herring 
based upon their frequency of occurrence in the mark retention subsamples. 
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Table 4. Production and utilization of juvenile American shad, Van Dyke, 1993. 

Releases 

Transfers 

Site 
Juniata River 
Elk River 
Lehigh River 
Sub-Total 

Canal Pond 
Benner Spring Raceways 
Upper Spring Creek Ponds 
NFRDL (Wellsboro) 
Maryland DNA Ponds 
VDGIF (James River) 

Sub-Total 

Total Production 
Viable eggs 
Survival of try(%) 

Fry 
6,541,500 

789,600 
7,331,100 

100,000 
7,000 

230,100 
15,000 

185,200 
538,800 

1,076,100 

8,407,200 
12,766,500 

65.9 

Fingerling 
79,400 

100,000 * 

179,400 

*Includes 8,537 blueback herring, projected from their frequency of occurrence in mark 
retention samples. 
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Table 5. Tetracycline marking regime for American shad stocked in the Chesapeake Bay drainage , 1993. 

Immersion 
Pond/ Stocking Egg Mark Feed No. 

Size Raceway Location Source (days) mark Stocked 
Fry - James River Pamunkey Quadruple - 538,800 

(3,13,17,21) 
Fry - Thompsontown Hudson Triple - 1,104,200 

(5,9, 13} 
Fry - Thompsontown Delaware Triple - 2,271,700 

(3, 13, 17) 
Fry - Thompsontown Delaware Triple - 227,700 

(3,11,13,17)* 
Fry - Thompsontown Connecticut Quintuple - 243,800 

(5, 13, 17,21}* 
Fry - Thompsontown Connecticut Quintuple - 1,802,400 

I.,) (5,9, 13, 17,21} 
I 

N Fry - Thompsontown Connecticut Single - 891,700 
00 

(5) 
Fingerling Canal Thompsontown Hudson Triple Single 35,400 

Pond (5,9, 13} 
Fingerling Upper Thompsontown Delaware Triple Single 5,000 

Spring (3,13,17} 
Creek 
Pond 1 

Fingerling Upper Thompsontown Delaware Triple Double 14,000 
Spring (3,13,17} 
Creek 
Pond2 

Fingerling Upper Thompsontown Delaware Triple Triple 18,000 
Spring (3,13,17) 
Creek 
Pond3 

Fingerling Elkton Ponds Below Conowingo Delaware Double None 100,000 ** 
(5,9) 

Fingerling PEPCO Patuxent River Connecticut None Single 92,000 
Fingerling Harrison Lake James River Pa mun key Quadruple None 19,250 -

(3, 13,17,21) 34,250 

*Unique marks created when a Delaware R. tank was erroniously marked instead of a Connecticut R. tank. 
**Includes 8,537 blueback herring, projected from their frequency of occurrence in mark retention samples. 
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Table 6. Tetracycline mark retention for American shad reared in 1993. 

Number Projected 
Pond/ Egg Attempted Mark Observed Mark Exhibiting Number 

Raceway Source Immersion/Feed Immersion/Feed Mark Stocked Disposition 

Harrison Pamunkey Quadruple/a Quadruple 30/30(100%} 19,250 - Stocked 
Lake (3,13,17,21) 34,250 James River 

Ponds 

N/A Connecticut Single/0 Single Not 891,700 Stocked 
(5) Evaluated Thompsontown 

N/A Connecticut Quintuple/0 Quintuple Not 967,600 Stocked 
(5,9, 13, 17,21) Evaluated Thompsontown 

Benner Connecticut Quintuple/a Quintuple 3/3(100%) 178,600 Stocked 
Spring (5,9, 13,17,21}* Thompsontown 

Raceway 
E3 

Canal Hudson Triple/single Triple/single 30/34(88%) 31,235 Stocked 
Pond (5,9,13} Triple/a 4/34(12%) 4,165 Thompsontown 

Upper Delaware Triple/Single Triple/Single 30/30(100%) 12,000 Stocked 
Spring (3, 13,17} Thompsontown 
Creek 
Pond 1 

Upper Delaware Triple/Double Triple/Double 26/29(90%} 12,552 · Stocked 
Spring (3,13,17) Triple/Single 1/29(3%} 483 Thompsontown 
Creek Triple/0 2/29(7%} 966 
Pond2 

Upper Delaware Triple/Triple Triple/Triple 28/29(97%) 17,379 Stocked 
Spring (3,13,17) Triple/Single 1/29(3%) 621 Thompsontown 
Creek 
Pond3 

Elkton Delaware Double/0 Double 75/75(100%)** 91,463 Direct 
Ponds (5,9) None 0/7(0%)*** 8,537 Release 

PEPCO Connecticut 0/Single Not yet analyzed 92,000 Stocked 
Patuxent R. 

*Recieved 2h immersions on days 9 and 17 
** American shad 
***Blueback herring 
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Figure 1. Survival of American shad fry, Van Dyke, 1993. 
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Figure 2. Mean Incidence of feeding in 
tanks grouped according to 0/o survival, 1993. 
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Figure 3. Percent survival vs Incidence of 
feeding at 5 days of age, Van Dyke, 1993. 
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Figure 4. Mean Incidence of intestinal gas 

bubbles in American shad larvae, 1993. 
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App endix 1 . 

The effect of delay ing d i sinfec t ion and enumeration unti l 

8 : 0 0AM on the v iability of Delaware River American shad 

eggs inc ubat ed at the Van Dyke Hatchery 

by 

Michael L. Hendricks 

Pennsylvania Fish and Boat Commission 

Division of Research 

Benner Spring Fish Research Station 

1225 Shiloh Rd. 

State College, Pa. 16801 

Abstract 

Disinfection, enumeration, and incubation of American shad 

eggs has historically been performed immediately upon a r rival of 

the eggs at the Van Dyke hatchery. This results in l ogistic al 

problems since Delaware River eggs typically arrive at the hatchery 

between 2:00 and 3:00AM. Identically handled, paired egg lots were 

randomly assigned to a control group processed immediately upon 

arrival at the hatchery or a test group processed at 8:00AM. Egg 

viability for the test group exceeded that of the contr ol group for 

eight of the thirteen trials, with one tie. Results of the Sign 

Test and Wilcoxin' s Signed-Rank Test indicated no significant 

differences between the two groups. These findings will permit 

delaying egg shipment processing until 8:00AM, thus eliminating the 

need for a special shift for egg incubation. 
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Introduction 

American shad eggs were collected from running ripe females 

and artificially fertilized with sperm from males. Running ripe 

females were available only between dusk and midnight. After 

fertilization, the eggs were water hardened and packed in plastic 

bags with a pure oxygen atmosphere for shipping to the Van Dyke 

hatchery. Time of arrival of eggs at the hatchery depended upon 

the distance between the hatchery and the egg source. Eggs from 

the Delaware River typically arrived at the hatchery between 2:00 

and 3:00 AM, while those from other rivers arrived between 8 : 00 and 

10:00 AM. Historically, hatchery personnel have always met the 

driver and processed the eggs (disinfection, enumeration and 

incubation) immediately upon their arrival. Egg shipments were 

sporadic and unpredictable, making scheduling of shifts impossible. 

Hatchery personnel received a telephone call after midnight 

advising them of egg shipment status. At that time they scheduled 

their shift for the following day . This became a hardship for 

hatchery personnel, resulted in fatigue, and impacted performance. 

Supervision of personnel was also impacted since the hatchery 

manager could not be present during the majority of the egg 

processing. Holding Delaware River eggs until 8: 00 AM before 

processing would improve coordination between wage employees and 

the supervisor and eliminate hardships due to constant shift 

changes. 

The purpose of this experiment was to determine if holding 

Delaware River source American shad eggs at Van Dyke until 8:00 AM 

before disinfection and enumeration has an effect on egg viability. 
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Met h ods and Mat erials 

Del aware River eggs were stripped, fertilized and water hardened as 

per standard practice. Eggs from the first and second net runs 

were kept separate from those collected later and were the only 

eggs used for the study. 

After water hardening, eggs were measured into plastic bags 

using a scoop and a lL graduate. Two bags (Al and Bl) were filled 

concurrently by measuring a liter of eggs into each bag and 

repeating the process until each bag contained 3L of eggs . Bags 

were placed in styrofoam coolers and marked as appropriate. 

The process was repeated twice more, marking the next two bags A2 

and B2, and the next two bags A3 and B3. All remaining eggs from 

the first two runs were processed normally and were not part of the 

study. 

Upon arrival at Van Dyke, hatchery personnel flipped a coin to 

determine which group (A or B) was processed immediate~y (con trol) 

or held until 8:00 AM (test) . Eggs from all bags in the control 

group were kept separate and immediately disinfected and processed 

as per standard Van Dyke procedure. Eggs were i ncubated i n May­

Sloan jars, 2. SL per jar. Excess eggs were incubated separately a s 

part of production lots. Eggs from the test group were set aside 

and processed at 8:00 AM or shortly thereafter. Test group eggs 

wer e processed in the same manner as the control group . Egg 

enumeration, removal of dead eggs, etc. was carried out accor ding 

to standard Van Dyke protocol. 

Results were evaluated based upon egg viability (survival ) for 

paired incubation jars (one control and one test) . Two non-

parametric statistical tests, the Sign Test and Wilcoxin's Sign­

Rank Test, (Ott, 1977) were used to evaluate the data. 
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Results and Discus sion 

The test was replicated in six shipments (Table A-1) 

representing the breadth of the Delaware River fishing season. A 

total of 13 pairs of test and control jars were tested. Test jars 

exhibited higher survival than controls for 8 of the 1 3 trials 

indicating that survival may actually be improved by delaying 

processing. Both statistical tests indicated that these results 

were not statistically significant at a= .05 (Table A-2) . 

Conc lusions 

Delaware River eggs which were held until 8: OOAM before 

processing, exhibited no significant difference in survival than 

eggs which were processed immediately upon arrival at the hatchery. 

Holding these eggs until 8: OOAM before processing will i mprove 

hatchery logistics without adversely impacting egg survival . 

LITERATURE CITED 

Ott, L. 1977 . An introduction to statistical methods and data 

analysis. Duxbury Press, North Scituate, MA. 730pp . 
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Table A-1. Survival of Delaware River American shad eggs processed 
immediately upon delivery, vs. those held until 8:00AM before 
processing, Van Dyke, 1993. 

Processed 
Immediately Held 
{Control) (Test} 

Egg Survival Survival Pairwise 
Shiement Jar (%} Jar (%} Comearison 

16 7 53.8% 11 75.5% Test 
8 68.9% 10 66.0% Control 
9 77.6% 12 70.6% Control 

21 13 82.0% 15 82.0% 
14 73.2% 16 77.8% Test 

22 17 83.1% 19 87.2% Test 
18 86.5% 20 83.5% Control 

28 · 21 73.9% 23 74.4% Test 
22 58.0% 24 71.3% Test 

31 1 72.5% 3 72.7% Test 
2 59.9% 5 62.9% Test 

40 7 62.2% 9 68.2% Test 
8 72.4% 10 66.7% Control 
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Table A-2. Results of non-parametric statistical tests used to 
compare survival of American shad eggs processed 
immediately upon delivery, vs those held until 8:00AM 
before processing, Van Dyke, 1993. Ho- no difference in survival 
between test and control groups. 

No. of 
non-tied critical 

pairs value 
Test (n) Test statistic (a=.05) Results 

Sign Test 12 z= 1.15 >1.96 cannot reject Ho 

Wilcoxin 's 12 T=25.5 <14 cannot reject Ho 
Signed-Rank 
Test 
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APPENDIX 2 

PRODUCTION AND STOCKING 
OF AMERICAN SHAD IN MARYLAND 

Maryland Department of Natural Resources, Tidewater Administration 
580 Taylor Avenue, Annapolis Maryland, 21401 

Potomac Electric Power Company, 
1900 Pennsylvania Avenue, N.W., Washington, D.C. 20068 

INTRODUCTION 

Since the 1960's the Chesapeake Bay population of American 

shad (Alosa sapidissima) has undergone a period of serious decline 

followed by the closure of all harvest in 1980. Since that time 

there has been some increase in the upper bay population, partially 

due to larval stocking of American shad by Susquehanna River 

Anadromous Fish Restoration Committee (SRAFRC). However, the 

fishery remains closed and most rivers support severely depressed 

shad runs. The Maryland Department of Natural Resources (MDNR) is 

participating with SRAFRC in efforts to enhance the restoration of 

American Shad to historic population levels in the Susquehanna 

River and the Chesapeake Bay. MDNR annually conducts an assessment 

of the American Shad population in the upper Chesapeake Bay as 

described elsewhere in this report (JOB VI). MDNR conducted several 

additional shad restoration activities in 1993 , primarily i n 

cooperation with the Potomac Electric Power Company (PEPCo). These 

activities are described below. 

Elkton Pond Culture/Stocking - MDNR 

Maryland Fisheries Division staff received 185,200 18 day old 

American Shad fry on June 6, 1993 from the Pennsylvania Fish and 
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Boat Commission's Van Dyke Fish Research Station. They were 

released in three small culture ponds in the town of Elkton MD. 

The young shad were fed daily with a total of 60 bags of salmon 

starter used. The culture ponds were drawn down and an estimated 

total of 100,000 American shad 63.5 mm to 110.2 mm in size were 

released into Big Elk Creek, a tributary of the upper Chesapeake 

Bay during October 18 through 21, 1993. 

Manning Hatchery and Culture -- MDNR 

In 1991, the Maryland Department of Natural Resources (MDNR) 

entered into a cooperative agreement with the Potomac Electric 

Power Company (PEPCo) to rear and stock finfish into Maryland 

waters. Early efforts focussed on striped bass (Morone saxatalis). 

During 1993, MDNR and PEPCo expanded this work to include 

production of American Shad in cooperation with U. s. Fish and 

Wildlife Service and SRAFRC. The goals of the work conducted in 

1993 included: 

1) Incubation of fertilized eggs provided by SRAFRC and 

larval rearing to juvenile size for stocking. 

2) Natural spawning of American shad from ripe adults 

collected at Conowingo dam fish lift. 

3) Experimentation with non-chemical identification tags . 

Egg Incubation 

On June 4, 12.SL {16.SL wet volume) of fertilized American 

Shad eggs from the Connecticut River, provided through SRAFRC, were 

received at MDNR's Manning hatchery in Cedarville MD. Eggs were 

3- 41 



held in four hatching jars at 64° F and treated daily with formalin 

to inhibit fungal growth. Hatching occurred at 6- 7 days. At 11 

and 14 days after hatching, larvae were transported to the PEPCo 

aquaculture facility in Aquasco, MD and stocked into outdoor ponds. 

PEPCo culture and stocking activities are described later in this 

report . 

Natural (Tank) Spawning 

Seventy seven American shad (36 males, 41 females) adults were 

collected at the Conowingo fish lift on May 20, May 27 and June 3, 

1993 and transported to the Manning hatchery. Shad were transported 

at 5 ppt static salt and 70° F. Circulation in transport tanks was 

28 cm/second. Flows in the natural spawn systems varied between 14 

and 28 cm/second. Two shad died during transport. The fish were 

put in four natural spawn systems and held at temperatures ranging 

from 66- 74° F until July 1. Males and females were equally 

distributed in each tank. Eggs were collected from the natural 

spawn systems daily from May 22 until June 30. Most eggs collected 

were not water- hardened . Four liters (wet volume) of fertilized 

eggs were collected and placed in hatching jars. These eggs were 

not treated for fungus . Approximately 20,000 larvae were produced 

and stocked at eight to fourteen days in an outdoor pond at 

Manning . Of the original seventy-five adult shad, thirty (22 

males, 8 females) survived and were released to the Chesapeake Bay 

on Jul y 1. Mortalities were attributed to the catheterization 

process and post- spawning stress. 

This effort demonstrates the feasibility of using natural 

spawning techniques for American shad production. During 1994 , 
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natural spawning will 

transport to reduce 

be attempted using 

stress and LHRH- to 

production and egg maturation. 

Non-chemical Tagging 

anesthetic during 

stimulate hormone 

Fourteen hundred naturally-spawned juveniles were removed from 

the outdoor pond, transferred to the hatchery house and tagged with 

coded wire tags (CWT). A tag retention study was performed on 400 

of these fish and on 400 fish grown out at the PEPCo facility. The 

results indicate good retention and survival. Nine hundred ninety­

two CWT tagged shad were stocked in the Patuxent River at Jug Bay. 

A trawl survey to recapture hatchery-reared shad is currently 

underway with five shad recaptured as of January 1994. 

We believe it will be possible to use coded wire tags on American 

shad juveniles to aid in population assessment. 

Shad Culture at Chalk Point -- PEPCo 

The following is a summary of the Potomac Electric Power 

Company's (PEPCo) American shad aquaculture activities in 1993. All 

of these activities were conducted in cooperation MDNR personnel. 

Stocking of Fry 

Four of PEPCo's 0.67 acre aquaculture ponds (Nos. 4, 6 , 7, & 

8) at Chalk Point were used for the initial culture of American 

shad fry. All of these ponds were filled 14 to 17 days before 

stocking with American shad fry with filtered water pumped from the 

Chalk Point Station's discharge canal. Seven to 10 days before 

stocking with fry the ponds were fertilized with soybean meal and 

liquid fertilizer (34-10-0) to promote plankton growth. The ponds 
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were fertilized weekly until mid- July and plankton was the primary 

source of food. The diet of the fry was supplemented with salmon 

chow after that time. 

Two of PEPCo's aquaculture ponds were each stocked with an 

estimated 75,000 - 85,000 5-day old American shad fry on June 14, 

1993. The fry were obtained from DNR's Joseph Manning Hatchery and 

were the product of fertilized eggs obtained from Connecticut River 

fish that were hatched by DNR personnel . All American shad fry were 

transported from the Joseph Manning Hatchery to PEPCo's ponds in 

plastic bags filled wi t h water and pure oxygen. Two additional O. 67 

acre ponds were each stocked with an estimated 75, ooo - 85,000 

8-day old fry on June 17, 1993 . The total number of American shad 

fry stocked in the four ponds was between 300,000 and 340,000. No 

American shad fry were s t ocked in PEPCo's aquaculture tanks during 

June. 

Phase I Pond Harvest 

After 19 to 28 days of growth in the four aquaculture ponds, 

an estimated 71,000 phase I (2 . 5 - 3.5 cm total length) American 

shad fry were harvested between July 3 and 15, 1993 using a glass 

V-Trap borrowed from the Joseph Manning Hatchery. The V-Trap was 

very effective in trapping 2.5 - 3.5 cm fry but was not effective 

approximately one month later on August 5 and 6 when the fry were 

between 4 . 5 and 5.0 cm total length . 

Phase I American shad fry were removed from the trap with a 

scoop after concentrating small batches of fish in a partially 

submerged dip net. Phase I fry harvested from the ponds were 

transported to the aquaculture center's tanks in a 40-gallon trash 
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can. The water was aerated with pure oxygen during transport to the 

aquaculture center. The phase I harvest removed approximately 50% 

of the fish in each pond. The fish remaining in the ponds were fed 

daily with salmon chow and harvested as phase II fry in the fall. 

Tank Culture 

Phase I American shad harvested from the ponds were stocked in 

two 20-foot diameter fiberglass tanks located in the aquaculture 

center. Tank 20E was stocked with approximately 48,500 fry and tank 

20C received approximately 22,600 fry. The tank cultured American 

shad were fed appropriately sized salmon chow at a rate of 8 to 12% 

body weight per day until mid-November when, at a total length of 

between 9.5 and 11.0 cm, the fingerlings were released into the 

Patuxent River. 

Phase II Pond Harvest 

An estimated 60,000 phase II (8.5 -9.5 cm) American shad fry 

were harvested from the aquaculture ponds between October 8 and 20, 

1993, after 105 - 120 days of culture, and moved to the aquaculture 

center's tanks for marking prior to release. A 1 / 8-inch delta mesh 

100 x 30-foot net was deployed on the bottom of one corner of the 

deep end of a pond one day prior to harvesting . The fish were lured 

to that corner with food until most of the fish in the pond were 

over the net. The outer edges of the net were then quickly raised 

and most of the fish over the net were trapped . By working the net 

inward, the fish were concentrated with minimal contact with the 

net and removed with a scoop and transported to aquaculture center 

tanks. Mortality from the phase II harvest was high; approximately 

28,200 fish died within two weeks of harvest. 
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Chemical Marking 

All American shad were marked prior to release into the 

Patuxent River. Fish were fed oxytetracycline laced fish food for 

4 days at a rate designed to achieve a concentration of 250 mg 

active oxytetracycline per kilogram of fish per day. 

oxytetracycline is used at the Van Dyke Hatchery in Pennsylvania as 

a means of placing a visible mark on shads' otoliths. All of 

PEPCo's American shad were held for at least 7 days after treatment 

before being released into the Patuxent River. 

Shad Stocking 

Approximately 92,000 marked phase II American shad f ingerlings 

were released into the Patuxent River at three locations between 

October 21 and November 11, 1993. Approximately 77,000 were 

released at the Hallowing Point boat ramp, 10, ooo at Benedict, 

Maryland, and 5,000 near Chalk Point. 

Of the 92,000 fish released, approximately 60,200 fish were 

cultured in tanks since July and the remaining 31,800 were the 

result of the phase II pond harvest. Most of the phase I fish, 85% 

(60,200 of 71,100) , harvested from the ponds and raised in the 

aquaculture tanks survived until release while only about 53% 

(31,800 of 60,000) of the phase II fish removed from the ponds 

during the fall survived the harvest and were released. 
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JOB N. 

EVAI.IM'IOO OF MJVDlENTS, ARJNn.\NCE, GiO'lIH AND S'ICXl< 
ORIGIN OF JlNENII.E AMERICAN SHAD Ill '.Il-lE ~ RIVER 

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

Harrisburg, Pemlsylvania 

Juvenile American shad were collected at several locations in the lower 

SUsquehanna River during the summer and fall of 1993 in an effort to docu:nent 

general aburrlance, distribution, and timi.n;J of outmigration. otoliths fran 

subsarrple::l shad were analyzed for tetracycline marks to in:licate what proportion 

of the collection was of hatchery origin. Because cultured fish from various 

shad egg sources and culture sites were distinctively marked, the relative 

contribution to the nursery and subsequent outmigrant populations c:oul.d be 

differentiated for each strain, culture situation, and stocking strategy. 

Many in:lividuals were involved in collection and analysis of juvenile shad in 

1993. For their contributions to this report, appreciation is extended to Mark 

Plummer (Wyatt Group), Orris Frese (RMC), [ale Weinrich (Maryland I:NR), Ted 

Rineer (SHWIC), and Mike Hero.ricks (PA Fish and Boat Commission). James Nowak 

an::i Scott Rhoades (PFBC) processed nost of the otoliths. 

Juvenile American shad in the SUsquehanna River above ConC1wingo ram are derived 

f ram two sources - natural reproduction of adult spawners transferred upstream 

from the fish lifts at Conawingo, arrl hatchery stocking of fcy arrl fingerlin:Js 
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from PFBC facilities in Pen'iSylvania. Juveniles occurring in the lower river and 

upper O'lesapeake Bay rey result from natural spawning below or above darns and 

hatchery fcy am/ or finger 1 ing st.ocking either in Maryland waters or from 

upstream releases in Pennsylvania. 

A total of 11,171 adult American shad were hauled from the Conowingo fish lifts 

during early May through mid-June. Most (83%) were stocked above York Haven ram 

at Middletown with the remainder being placed at Columbia. Observed transport 

nortalities amounted to 643 fish (5. 7%) and delayed rrortality was estimated at 

about 5% (see Jab I). Overall sex ratio (SR) in these transfers was about 1.3 

to one favoring males. This stocking level campares with about 14, 500 live shad 

delivered in 1992 (1:1 sex ratio) and 22,000 in 1991 (SR 1.64:1 nv'f). With the 

asstmed nortalities and sex ratio, the 1993 spawning population above dams 

am::,unted to 4,350 females and 5,650 males. Also in 1993, a total of 1,130 

blueback herring and 203 alewives collected at COnowingo were successfully 

stocked at Middlet.awn. 

D.lring the 1993 shad production season, PA Fish and Boat canrnission biolcqists 

reared and released 6.54 million shad fcy and 79,400 fingerlings in the 

SUsque.hanna. watershed. All fcy were stocked between 3 June and 13 July in the 

Juniata River at 'Iharrpsont.awn. Fingerlings reared in Pennsylvania ponds were 

stocked at 'Ihonpsont.awn between 18 August arrl 12 October. 'Ihrough a ~tive 

agreement between Marylarrl I:NR arrl the t.awn of Elkton, an additional 91,500 

fingerling shad were stocked into the Elk River at the head of the Bay in mid­

Octaber. 
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'Ihe 6.54 million shad fry stocked above darrs in the SUsquehanna in 1993 cx::mpares 

to 3.04 M, 7.22 M, 5 . 62 M, and 13.46 Min 1992, 1991, 1990, and 1989, respective-

ly. Combined fingerling shad releases from PA ponds was alnost double the number 

stocked in 1992 but still well belCM prior year averages . 

Juvenile American shad occurrence arrl out:ru.gration in the river above ConCMin;p 

D:un was assessed at numerous locations using several rrethcds during the summer 

arrl fall of 1993 as shown below. 

Gear 

Haul seine 
cast net 
Sluice net 
strainers 
Li.ft net 
Screens 
Strainers 

Location 

Lower river 
York Haven 
York Haven 
safe Harbor 
Holtwood 
Peach Bottom 
ConCMingo 

Jul Aug Sep Oct Nov 

*************************** 
******** 

*** 
****************** 

******************* 
*********** 

********* 

Seining was conducted by the Wyatt Group on 23 dates over 15 weeks fran mid-July 

through late octobe.r . Most sanpling occurred. in late afternoon arrl evenirg ard 

the net used n-easured 400-ft. x 6 ft. with 3/8" stretch rresh. 'n1e area m::st 

consistently monitored was Columbia on 12 occasions. Marietta was sanpled on 7 

dates, Pequea on 6, 'Ihree-Mi.le Islarrl twice, arrl Amity Hall once. 

At York Haven, shad collections were made by Stone & Webster personnel on several 

dates in mid--October with a fixed 1- rreter square sluiceway sanplirg net (1/4" 

rresh) . Att.enpts were made by Wyatt biologists on six dates in September arrl 

October to take shad at York Haven with a 10-ft. ca.st net (3/8" rresh). An 8-ft. 
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square lift net with 1/ 2" mesh liner was used by RMC Envirornnental Services at 

Holtwcx:xi's inner forebay . Lift netting (10/ date) occurred during early evening 

hours twice weekly on 24 dates from 9 Septe.'nbe.r through 2 December. 

Cooling water intake strainers at Safe Hart:x:,r were sarrpled 2- 3 times each week 

by plant personnel from 4 October through 1 November arrl daily thereafter through 

28 November. At Cono,.,,ingo, RMC checked strainers on 14 ocx::a.sions (1-2 

times/week) during 12 October to 3 December. RMC also inspected intake screen 

washes at Peach Bottom Atomic Pc,.,;er Station three times weekly during 4 Octa1::ier 

through 1 Dec::ember. As part of their annual juvenile Alosa recruitment survey, 

Maxylarrl [UR sampled for shad arrl herring with electrofislu.NJ gear in the 

SU.squehanna Flats during August through October. 

Sanples of shad from ITOSt collections were returned to PFBC's Benner Spring 

Research Station for tetracycline mark arrl microstructure analysis of otoliths. 

Most collecting sites used in 1993 are shown in Figures 1 arrl 6-2 . 

Seine SU:rvey of~ River 

'Ihe principle purpose for seine sampling in the lower river durin;;J surraner mnths 

is to document the occurrence arrl relative abun:::iance of naturally prcx:luoed 

jtNenile shad resulting from transplanted adults. As outmigration proceeds in 

the aut:urro1, the occurrence arrl relative magnitude of the hatchery cxmponent of 

the juvenile stock becomes increasin;;Jly available to this gear. Sarrpling was 

concentrated at Columbia arrl Marietta since these locations proved very effective 

in pa.st years . 
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D.rri.n;, the pericrl 15 July t o 20 October, a total of 689 juvenile shad were taken 

in 168 seine hauls on 23 dates at f ive locations. Columbia, Marietta, anj/or 

Pequea were sanpled on 21 dates and prcduced a t otal of 273 shad in 156 hauls of 

which 262 were returned for otolith analysis. Of 233 otoliths processed fran 

collections I10de duri.n;, mid-July through early Oct.aber here, 196 (84%) were wild. 

Hatchery fish exceeded wild fish (21 of 22) in only one seine sanple, the final 

collection I10de at Coltnnbia on 13 October. 

A one-day sarnpli.n;, event ocx:::urred at Amity Hall in the lONer Juniata River on 28 

July. 'Ihe purpose was to collect a sample of shad for otolith analysis to 

determine if any natural reproduction occurred in this tributary. 'lbree hauls 

of the seine prcduced 265 shad and, as expected, IOC>st fish analyzed (97%) were 

prcduced at Van Dyke. 'Ihree Mile Island aoove York Haven dam was sanpled twice 

on August 4 and 25 and produced 118 juvenile shad in 9 hauls. Of the 38 otoliths 

examined from fish in these collections, 22 (58%) were wild - a considerable 

difference from the ratio noted only 17 miles dONnstrearn. 

Shad catch-per-unit-effort (CRT£) with seines in the lONer river (excludin;J 'IMI) 

in 1993 rar¥;}ed from a high IOC>nthly average of 3. o fish/haul in September to a le7,,1 

average of 1.0 in August. July and October cruE values were 2,1 arxi 1.6, 

respectively. Table 1 shONS juvenile shad catch and effort by date arxi location 

for all seine collections in 1993. 

York Haven 03.m 

Limited cast net collections were I10de in the York Haven headrace in an effort 

to document first occurrence of shad and to assist Stone & Webster in ti.min:;J the 

start of their strobe light study at this site. Although shad first appeared 
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here in early September, they did not reach peak abundance until late October. 

Strobe tests were conducte::1 on several nights aro hundreds of shad were collected 

in sluice nets. Most of the shad saved f or otolith analysis from York Haven 

sanples were inadvertently discarded. A si.n:Jle 27 fish sluice net sanple fran 

22 October aro 4 fish taken with cast net on 29 September were processed for 

marks on otoliths. Of these 31 fish, 18 (58%) were wild aro 13 were hatchery. 

Safe Hartx:>r ram 

Jwenile shad first appeared in cooli.n:J water strainers in the turbine intakes 

at Safe Hartx:>r on 3 November. D.J.ri.n:J the 7-<lay pericx:i November 3-9, a total of 

59 shad were collected in daily sanples rangi.n:J from 3-19 fish. One additional 

shad was taken here on 18 Novernber aro daily sanplin;J was terminated after 28 

November. No juvenile shad were collected at Safe Hartx:>r in 1992. 

Hol twocxi ram 

RMC personnel initiated lift netting at Holtwocx:l's inner foreb:ly on 9 September 

am cxmtinued twice weekly through 2 December. '!he first three American shad 

were collected on 28 September; catch peake::'i durin;J the 15-<lay pericx:i 25 ()±aber 

through 8 Novernber; am the last three shad were taken on 22 November. On 24 

sarrple dates over a 3-nonth pericx:i , total catch anounted to 1,093 jwenile am 

6 adult American shad, 173 blueback herrin;J, 24 alewives, am over 71,000 gizzard 

shad. By cx:>ntrast, in 1992, a similar anount of effort at this site produced 

only 39 American shad, one blueback herring, am 15 gizzard shad. Peak 

collections occurred durin;J five consecutive dates prooucin;J 92% of the season 

catch of jwenile American shad {1,007 of 1,093} with a CFUE of 20 fish/lift. 

Ceily catch of fish with lift nets at Holtwocx:i during autumn 1993 is shc,..m in 

Table 2. 
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otolith analysis w'aS cor:plete:i on 188 specimens taken by lift net at Holtwocx:l. 

Earliest collections were COJrprised mostly (79%) of wild fish (11 of 14). Shad 

taken during the 2-week peak of abun:::lance were 63% wild ( 62 of 99) , arrl late run 

fish were nostly (75%) hatd1ery origin (56 of 75). 

Jech Bott.an APS arrl Concaj.n:Jo Dlln 

-

With the cooperation of Philadelphia Electric c.arrpany, :RMC biologists examined 

intake water travelling screen washes for i.npinged American shad at the Peach 

Bottom Atomic Power Station (P&.PS) in lower conowingo Pon:l. Screen sanpling 

occurred three times per week during October through November. Collections for 

the season included 26 juvenile arrl one adult American shad, 28 bluebacks, 2 

alewives, arrl about 63,000 gizzard shad. With a similar anount of effort, Peach 

Bottan collections in 1992 included only one American shad, 140 gizzard shad, arrl 

no herring. In 1993, all juvenile shad were taken at ~ between November 3- 24 

in daily numbers ranging from one to six . All but three fish were taken the 

first 2-weeks of November . 

._ Cooling water strainers at the conowingo hydroelectric project were examined for 

inpinged shad once or twice each week during 12 October through 3 December. 

American shad were taken in small numbers (1-6) on seven dates between 1 November 

arrl 3 December. collections included a total of 17 juvenile Ameri can shad, 11 

bluebacks, arrl 31, ooo gizzard shad. In contrast, the 1992 O:mcMingo collections 

included only 4 American shad, 2 bluebacks, 5 alewives, arrl 8,583 g izzard shad. 

Analysis of otoliths from 40 shad taken at Peach Bott.am arrl Conowingo in Novent>er 

shc,..,ed 60% wild arrl 40% hatd1ery. 
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SUsguehanna River 1'brth arrl Flats 

Maryland CNR researchers collected 31 juvenile American shad by electrofisher 

from the upper Chesapeake Bay during August through <x:t.ober ( canpare:i to four in 

1992). An additional 36 shad were taken in rl-lR's juvenile striped bass i.n:iex net 

collections in the upper Bay. Electrofisher collection results by location and 

date are provided in Table 5 of Job VI . otoliths from all 67 shad taken in INR 

collections were analyzed by PBFC staff and all were wild. 

OIOLI'lli MARK ANALYSIS 

otoliths from 685 juvenile American shad taken in SUlTl!Tler and fall collections by 

Wyatt Group, Stone & Webster, RMC Envi.rornnental Services, arrl Marylarrl CNR were 

successfully prepare:i for hatchery mark assessment. otoliths were surgically 

renoved from the fish, cleaned and JOC>unted on slides, groun::i arrl polished to the 

focus on the sagittal plane on both sides, arrl viewed urder ultraviolet light to 

detect the presence of fluorescent rings i.rrli.cative of tetracycline immersion 

treatments. '!he mar~ regime used by the Permsylvania Fish arrl Boat 

Commission in 1993 is described in Job III. 

Amity Hall. '1MI arrl York Haven 

otolith analysis was completed on 135 shad provided fran the York Haven sluice 

net (27 fish on 10/22) arrl cast net ( 4 fish on 9/29) ; seine collections fran 

Amity Hall (65 fish on 7/28) arrl 'Ihree Mile Islarrl (38 fish on 8/4 arrl 8/25); arrl 

fran a PFBC sanple at Clem.son Islarrl above Clarks Ferry (one fish on 9/27}. Of 

this group, 92 fish (68%) were hatchery produced including 63 of 65 shad examined 

fran Amity Hall. '!he Clemson Islarrl specimen arrl 40 of 69 (58%) fish taken at 

'lMI and York Haven were wild. Based on river of egg origin, 47 (51.1%) of the 

marked sample were Hudson fish; 38 (41.3%) were r::elaware; arrl 5 (5.4%) were 
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Cormecticut source. One fish had an unidentifiable quadruple mark and the 

remaining fish was released as a pond-reared fingerling. 

Marietta. Coluut>i.a. arrl Pequea 

Seine collections made during mid-July through mid-october provided 255 shad for 

otolith mark analysis. overall, 58 of the fish (22 . 7%) were marked and the 

remainin:J 197 fish (77. 3%) were wild. Hatchery fish occurred as early as 27 July 

at Marietta and were available in small m.nnbers on all collection dates at 

Columbia after 18 August . Wild fish dominated all seine collections at Marietta 

(87%), Pequea (100%), and Columbia through 6 October (77%). 'Ihe final sanple 

from Columbia on 13 October showed a preponderance of hatchery fish (21 of 22). 

Of the 58 hatchery fish in these seine collections, 31 (53.4%) were Hudson River 

origin; 15 (25.9%) were Delaware source, 7 (12 .1%) were Connectio..rt: River, and 

5 fish (8.6%) were fingerling releases. Most of the Delaware fish and all 

fingerling recoveries occurred at Columbia on 13 October. 

Holb.1ocrl, Peadl Bott.an and o;,rµ.ri.rgo 

Of the 188 shad otoliths prooessed from Holtwocx::l lift net collections, 96 (51%) 

were hatchery origin. Wild fish dominated collections through 8 November 

carprising 64.6% (73 of 113). Sanples from November 11-18 were predcrninately (56 

of 75) hatchery origin (74 . 7%). As was the case upriver, Hudson River fish ,;,.,ere 

nost al::w'rlant in the hatchery marked component with 41 fish ( 4 3 • 2%) • 'Ihe 

Delaware River source proouced 27 fish (28.4%) and the Connectio..rt: 8 fish (8.4%). 

'lbere was one error-marked specilren of unknown egg origin and sw:prisi.rqly, the 

remainin3 19 specimens (20%) were fingerling releases from Upper Spring Creek and 

the 'lbampsontam canal pond. 
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otolith mark analysis 'WaS completed on 40 shad from November samples taken at 

Peach Bottom arrl Cono,.r1.n10 arrl 60% were wild . Nine of the 16 hatchery fish from 

screen arrl strainer collections at PBAPS arrl Cona,.,1.n10 were Hudson origin 

(56.3%), 6 were Delaware (37.5%), arrl one was a fingerlin1 release from 

'Ihamp.sontc::Jwn. 

Ualer Q)Psapeake Bay 

As pointed out earlier, all 67 juvenile shad taken in Marylarrl CNR's electro­

fisher arrl seine collections in the upper Olesapeake Bay were wild. 'Ibis was 

expected since no marked shad fry were stocke::i at lapidum in 1993, arrl marked 

fingerl1.n1s from the penis at Elkton were not stocked until late in October. 

otolith SUnmary 

otolith analysis of shad samples from all collectin1 dates arrl sites above 

CoTlC7wingo D:mt is presented in Table 3. 'Ihe 618 shad analyzed included sanples 

frcan every week between 15 July arrl 24 November. Monthly sample sizes for 

otolith analysis raT¥3e::i from 86 in August to 165 in November for all sites 

cx::mbined. A tot.al of 262 fish (42.4%) were marked arrl 356 (57.6%) were wild. 

In 1992, 1991, arrl 1990, the wild carrp:ments of the c:x:imbined upriver otolith 

analyses were 39%, 22%, arrl 2%, respectively. 

HU1son River fry cx:::rrprised 49 . 2% of all identifiably marked fish in collections 

above Con<:Mingo D:mt (128 of 260). Of the re.maimer, Delaware River fry made up 

33 . 1% of the marked collection (86 fish) , Connectirut fry catprised 7. 7% (20 

fish), arrl 10% (26 fish) were from fin1erlin1 pon:l releases. Excludin;J the 

s1.n1le Amity Hall sample which was 51% Delaware fry origin, Hudson River shad 

dominated marked fish all seine collections other than that at Columbia on 13 
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October. Though most marked fish in that last seine sample were I:elaware fry 

releases (13 of 21), it also included 5 pond stocking recaptures. Combined 

Holtwood samples closely reflected the overall river or origin OJitlfX.)Sition noted 

above, except that fingerling releases made up 20% of the catch. 

DI.SCllSSICN 

In-Stream M:Jvements arrl OJtmiqration Timirg 

Of the 275 juvenile shad collected with seines at Columbia, Marietta, arrl Pequea 

duri.ng the 1993 season, 242 fish were taken prior to October outmigration. Based 

on analysis of 223 otoliths from these collections, 188 fish (84%) were naturally 

produced. Considering the late t~ of the adult run at Conowingo, it is 

likely that lT'OSt reproduction took place in the release vicinity (above arrl below 

York Haven I:am) arrl that the free-flowing stretch of river fran York Haven to 

Columbia was use:i as a summer nursery. The fact that same reproduction oocurred 

upstream from Harrisburg is evidence:i by the collection of two wild fish at Amity 

Hall on 28 July and another fish at Clemson Island above Clarks Fen:y on 27 

September. 

All Pequea fish were wild . Of the 35 shad in July-September seine sanples fran 

Marietta and Columbia which carried hatchery marks, 29 (83%) were Hudson origin, 

5 (14%) were Connecticut, and one was I:elaware source. The 1.1 million Hudson 

fry were stocked at Tharrpson~ in eight lots between June 3-18. Since Hldsan 

fish first appeared at Marietta on 27 July, they nade this SO-mile dc::Mn.stream 

journey in 39-54 days at an average rate of 1 to 1. 3 miles/day. Movement of 

Connecticut :.ish was much less ambitious. They first appeared at Marietta ard 

Columbia in August 18-26 collections and, being specially marked, we Jene,.., they 

came from a stocking of 891,700 fry at Tharrpson~ on June 13-14. 
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April river flOvJ in the SUsquehanna River was extremely high causing a 1-nonth 

delay in trapping operations at COnOvJingo D:un. Based on Safe Harbor records, 

flc,,..,s subsided quickly through May arrl remained well belo.., long-tenn average 

values through oct.obe.r (Figure 2) . 'Ihls situation differed dramatic.ally fran 

that in 1992 which was characterize:3 by large arrl rapid flow fluctuations ard 

average monthly flOvJ rates well in excess of long-tenn averages. Most shad taken 

with seines at Marietta, Columbia, arrl Wrightsville in 1992 were ex>llected in 

July, arrl St. Pierre (1993) theorized that this was related to the high flows. 

Since hatchery released shad made similar novements in 1993 urrler lower than 

nonnal flOvJ ex>rrlitions, the mechanism responsible for this early dispersement is 

unclear. 

Based on analysis of 38 otoliths from shad taken in seine ex>llections at 'lhree 

Mile Islam on August 4 arrl 25, 42% were hatchery origin includin:] 13 Hudson ard 

3 Connecticut River fish. 'Ihe first Delaware source shad did not a~ in lower 

river seine collections until 30 September ard they dominated the hatchery 

carponent at Columbia on 13 October arrl in the York Haven sluice sanple on 22 

October. Delaware shad apparently behave differently from Hudson arrl Connecticut 

fish. 'Ihe 2. 5 million Delaware fry were stocked at 'Iharrpsontown between ll June 

arrl 2 July ard their late novement to dOvJnstrearn sanpli.ng are.as may relate to a 

spike in river flow ard a 3 ·c terrperature decline during 30 September - 5 

october. A similar behavior was noted for Delaware River shad in 1992. 

'Ihe seine ex>llection at Amity Hall on the lower Juniata River on 28 July was 

trOStly hatchery fish (63 of 65 examinoo) canprised of 51% Delaware, 46% Hudson, 

ard 3% Connectia.it. A similar collection here in 1992 contained all hatchery 

fish, nostly from Hudson River source. 
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Hatchery fish dominated the final seine collect.ion at Columbia on 13 October (21 

of 22 fish) with most of these being D:laware River fry (62%) arrl Upper Sprin"::J 

Creek pord released fingerlings (2~%) . All fingerlings from this source were 

stocked at 'Ihanpsonto..m within the prior 37 days, arrl one of the recoveries at 

Columbia (USC Pord 1) had made the 50-mile trip in 5 days or less. Numbers of 

shad available for strobe light testing at York Haven peaked duriiq 26 October 

through 3 November (Stone & Webster data). 'Ihis c.oincided with a period of 

increasing fla.vs aro. a terrperature decline to about 1o·c, corrlitions typical of 

autumn outJnigration. 

Of the 60 shad taken from strainers at safe Harbor in 1993, 59 occurred durin;J 

November 3-9 at an average river flow of about 22, 000 cfs arrl water terrperatures 

of 7-9°C. Small numbers of juvenile shad (15 fish) were taken with lift nets at 

Holbrlood durin;:1 the first 3-weeks of October. Peak outmigration occurred here 

during 25 October through 8 November (1,007 fish), arrl nl.ll!lbers dlc,wed off 

substantially thereafter with the last 3 shad being collected on 22 November. 

Prior to the peak of passage at Holtwood, nost fish (79%) were wild. otolith 

analysis from Holtwood samples taken during the peak weeks were cx:mprised of 53% 

hatchery fish (93 of 174) includin:;J fish from all fry arrl fiiqerlirq release 

sooroes. Successful shad collect.ions at Peach Bottom arrl Conowirqo ram coincided 

with the migration noted at Holtwocx::l arrl included 40% hatchery fish. 

Timi.rg of juvenile shad outmigration from the SU.squehanna River was clearly 

defined in 1993, cx::curring for hatchery aro. wild fish at all recovery sites 

within the 23-day peria:1 25 October through 16 November. D.lriiq this period 
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daily fla.-~ generally increased from 12, 000 cfs t o al:x:>ut 30,000 cfs and water 

tenperatures declined from 14 ° to 6°C (Safe Harbor data) . 

catpari.son of relative aburrlance of juvenile shad in the SUsquehanna River from 

year to year is difficult due to the opportunistic nature of net sanplirg and 

wide variation in river a:>rrlitions which may influence suc::cess. Exel~ the 

Amity Hall and 'Three Mile Island sanples, a total of 156 seine hauls were made 

from Marietta to Pequea on 21 dates over 15 weeks in 1993. With a catch of 275 

juvenile shad, the overall catch per unit effort (CFUE) was al:x:>ut 1. 76. CRJE was 

highest durirg the late July nursery period (2. 9) and at outmigration after mid­

September ( 3 • 3) • The table be law ccmpares st.c:x::kin;J numbers and juvenile recavery 

data from 1993 with overall shad catch and effort usi.n:J seines at similar sites 

in the river belaw York Haven cam durin;J the prior 3-years. 

Adult Fry Seine Shad Nlmi::er" Juvenile 
Year Females stockerl rates C:lt:dl Hauls cruE 

1993 4,350 6.54M 7/15-10/ 20 275 156 1.76 
1992 7,275 3.04M 7/17- 10/ 22 304 153 1.99 
1991 8,365 7.22M 7/12-10/30 191 193 0 . 99 
1990 6,315 5.62M 8/1- 11/2 351 87 4.03 

Coolirg water strainers at Safe Harbor and Conowin;Jo and intake screens at Peach 

Bott.an are passive sanplers. 'Ihese a:>llections may provide useful information 

on relative aburrlance since they are not influenced by vagaries of net sanplirg 

and weather a:>rrlitions. Juvenile shad CFUE (catch per day) for 1993 at Safe 

Harbor, Peach Bottom, and Conowin;Jo is carrpared belaw with the prior 3 years for 

those periods ena:JITpaSsirg the catch. 

4-1 4 



eaten (Shad) Per Unit Effort (IBys) 
1.a:'ation 1993 1992 1991 1990 

Safe Harbor 3.75 0.00 3.30 3.35 

Peach Bottom 1.08 0.03 0 . 16 1.07 

0.49 0.18 0.69 0.33 

'!his ccmparison in:licates that juvenile shad abundanc.e durin;J outmigration in 

1993 was similar to that of 1990-1991 but, contrary to the seine data, suggests 

a very weak run in 1992 . CFUE data at these sites should be viewed cautiously 

since they are based on very small yearly samples. 

'Ihe lift net at Holtwood produced 1,093 juvenile shad in 170 lifts durin;J late 

September through November, 1993 . RMC has effectively san,pled with this gear for 

9 years at Holtwcx:xi arrl the table below campa.res catch arrl effort for that 

pericxi. 

Year IBtes Effort Shad 
(lifts) catdl 

1993 9/28-11/22 170 1,093 6.43 
1992 9/17-10/29 130 39 0.30 
1991 10/14-12/16 210 208 0.99 
1990 9/26-11/16 200 3,980 19.90 
1989 9/22-10/26 116 556 4.79 
1988 10/26-12/7 154 929 6.03 
1987 9/10-11/20 358 832 2.32 
1986 10/6-12/2 393 2,928 7.45 
1985 10/16-12/19 378 3,625 9.59 

Average 234 1,577 6.74 
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Analysis of this data in:lic.ates that stock size at outmigration in 1993 was 

comparable to the long-tenn average, considerably greater than that of 1991-1992, 

but only aoout one-third as strong as that of 1990. 1he corrparison with 1990 

lift net CRJE agrees with seine data. 

Aburrlance of wild shad in st.mma/fall collections appearerl considerably greater 

in 1993 than in prior years. Based on otoliths analyzerl from all collections 

above Conowingo O:un, naturally produced fish corrprised 58% carrpared to 39% in 

1992, 22% in 1991, arrl only 2% in 1990 . Although the number of adult shad 

stocked in 1993 was less than in each of the prior 3 years, irrproverl reproductive 

success arrl juvenile survival nay be relaterl to favorable river corrli.tions arrl 

focx:1 availability. 

Finally, the electrofishing collection of 31 juvenile shad fran the SUsquehanna 

Flats during August through mid~ 1993, conpares to 4 fish in 1992, 17 in 

1991, arrl 23 in 1990 with similar effort. It is not surprisin;J that these fish 

arrl the 37 shad taken in rNR seine surveys were all wild. CUltured fcy were not 

stocked belo..., Cono...,in;Jo in 1993, no unusual summer/fall high flo..., event oco..irred 

in the river, arrl Elkton fin;Jerlings were stocked too late for reo::Nery. 

Growth 

Wild juvenile shad collecte:i with seines at Marietta arrl Columbia averagerl 57 nun 

total ler¢ (TL) in mid-July (range 39-65 mm) arrl grew to an average 129 nun 

(rarge 115-144 mm) by late Septenu::>er (Figure 3). Growth rate durirg this period 

averagerl 1. O I!U'l\lday. Hatchery fish in these collections were only slightly 

smaller with mean lengths irrprovin;J from 68 mm in late July (range 61-74 mm) to 

128 mm in late September (111-135 mm) with an average grc,..,rth rate of about 1.0 
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mm/day. These gro,,th rates are similar to those recorded in 1992 arrl 1991. Wild 

fish from Pequea collections in July were considerably larger than those 

upstream, averaging 79 n::-;i (69 - 90 r;:-;i) . 

lhe two wild fish in the Amity Hall shad sanple from 28 July had a mean TL of 80 

mm, while hatchery fish averaged 67 mm (range 43-80 mm). Hudson ard Delaware 

River source fry were about the same mean size at 68 arrl 66 mm, respectively, an:i 

the two Connecticut fish were 43 mm ard 65 mm. In the 1992 Amity Hall 

collection, Hudson fish were 20% larger than Delaware. Hatchery fish at both 

Amity Hall arrl Columbia were the same size in late July. 

outmigration at York Haven apparently occurred during mid--0:::taber through the 

first week in November. Mean size of hatchery fish in the 22 October sluice net 

collection here was 126 mm while wild fish averaged 147 mm (ran;e 120-187 lilll). 

Aroc>rq the 18 wild fish in this collection were three specimens over 180 mm. 'lhis 

unusually large size of wild fish above York Haven suggests that reproduction may 

have occurred earlier here than below York Haven (i.e. the fish were older), or 

that they grew at an exceptional rate, perhaps related to less cx::rrpetition for 

food. 

Wild juvenile shad in lift net collections at Holtwood from early October throogh 

late November displayed no t.rerrl in mean fish size. All weekly oollections 

averaged 126-132 mm, with irrl.ividual fish ranging 118-149 mm (n = 85). Hatchery 

fish fran upstream fry stockings in Holtwocd sanples showed a general decline in 

mean size from 126 mm in late October to 118 mm in mid-November. Fingerlin:Js 

stocked at lharrpson~n appeared in relatively high aburrlance at Holt:wocxi an 

November 11-15. These 18 fish were considerably smaller than hatchery shad 
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stocked as fry, averaging 100 mm (range 89-127 rnrn) . Most of these fish (16 of 

18) c.arre from Upper Spring Creek porrls 2 arrl 3, stocked during September 15-24. 

Wild arrl hatchery fish in collections from Peach Bottom arrl Conc,,.Jingo during 

November were slightly larger than those at Holtwocx:L 

other than the Amity Hall sanple noted above, our only opportunity to c:x:mpare 

shad grc:,.,Jth a.IrOI)3 the various egg sources stocked as fry at 'Iharrpsontown, carre 

from combined Holtwocd sanples taken during 26 October through 15 November. Fish 

len;ths were available from 73 hatchery shad includ.in;J 38 Hudson, 27 Delaware arrl 

8 Connecticut River fish. Mean len;ths for Hudson arrl Delaware shad were both 

123 mm with a combined size range of 91-144 mm. Both groups were approximately 

the same age with merlian release dates of June 15 arrl June 22 at 19- 20 days old. 

'Ihe two Connecticut River fish stocked on June 13- 14 at 7 days of age (single day 

5 'I\: mark) averaged 124 mm, whereas the 6 fish from this source released later 

(merlian date 6/25 at 22 days old) shc,,.Jed a zrean lerqth of only 115 mm (range 105-

121 mn). 'Ihese results are almost identical to that fourrl in 1992. 

stock 9'.:!'J:rnitica, arrl Harle Analysis 

Of the 6 , 541,500 shad fry stocked at 'Ihanpsont..c:,...n in 1993, 2,937,900 (44.9%) were 

Cormecticut River origin released on 14 dates between 13 June arrl 13 July. Of 

these, 891,700 fry carried a single 'I\: mark arrl were stocked at 7~ys of age on 

June 13-14. 'Ihe remai.nirg Connecticut fish were quintuple marked arrl stocked at 

22-26 days old. Delaware River shad fry canprised 2,499,400 (38.2%) of the total 

Juniata River stcx::ki.I)3 in 1993, with 12 releases between 11 June arrl 2 July. 'lhe 

remai.nirg 1,104,200 fry (16.9%) were Hudson River origin stocked at 'lhcmpsantown 

on six dates between June 3-18. 

4- 18 

-
-



Although Hudson River fish c::or.prisec! the sr.allest perc.entage of total fry stocke1 

upstream, as was the case in 1992, they were the dominant component of tetra-

cycline marked shad in m::ist juvenile collections. Hudson fish cx:mprised 49.2% 

(128 of 260) of marked shad of knc,...m origin from all collections above Conovdn;o 

O:un. 'Iheir frequency of cx:::currence ~ed from 45% to 53% of marked sanples from 

the various collecting areas. De~ on survey location, Delaware fish 

carprised 26%-42% of collections and C.onnecticut fish made up 6%-12%. Frequency 

of i:orrl-released fingerlings in a:::>llect.ions was 1%-18% with nost bein;J recx:JVered 

in late season sarrples from Holtwood. 

C.ollection frequency from various stocked sources 
Survey Area 

JIDove York Haven 
Marietta-C.olumbia 
Holtwood-PB-Cono. 

Hudson Delaware C.onn. Porxis 

52% 
53% 
45% 

42% 
26% 
30% 

6% 
12% 

7% 

1% 
9% 

18% 

Rec::ove:ry rates (number recovere::Vnumber stocked) for the three egg source strains 

stocked as fry were 0.000116 for Hudson (about 1 in 9,000), 0.000034 for Delaware 

(1 in 29,000), and 0.000007 for C.onnectirut (about 1 in 150,000). Relative 

survival to recove:ry of Hudson fish exceeded that of Delaware arrl Connecticut 

fish by factors of 3.4 and 16.6, respectively. Sanewhat surprisin;Jly, two lots 

of Connecticut River fry whidl were stocked in mid-June at only 7 days of age 

with a single TC mark were recovered at a rate over four times that of the 

remaini.rg Connectirut lots stocked at 22-26 days old with multiple marks 

(0.000013 vs. 0.000003) . 

A total of 79,400 specially marked fingerling shad were stocked fran Pennsylvania 

ponds into the Juniata River includinJ 35,400 Hudson fish frcnn the 'Ihcmpsontown 

canal porrl on 18 August at 93 days of age, and 44,000 Delaware fish fran thn:!e 
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Upper Spring Creek ponds during 15 Septe::-ber through 12 October at 121-148 days 

old. With 26 of these fish taken in dc,,.,.nstreara collections, their reca11ery rate 

of o. 000327 ( 1 in 3,000) was alnost three times greater than the best fry source 

(Hudson) . Nlmlbers of shad released and collected, reca11ery rates, arrl relative 

survival from various egg sources stocked in the SUsquehanna River during 1988 

through 1993 are shown in Table 4 . 

Based on otolith analysis of 618 shad from all collections above Conowingo Dam 

in 1993, 58% (356 fish) were naturally prcrluc.ed. 'Ihis compares to 39% in 1992, 

21.5% in 1991, and 1-4% eadl year during 1987- 1990 . With the late adult trawin:J 

season in 1993, about 4,350 female shad were successfully transferred fran 

~ o and. released above dams. Al though th.is is considerably fewer than the 

estimated 6, 300 to 8,300 females stocked each year in 1990-1992, inproved 

reproductive success and juvenile survival in 1993 probably related to favorable 

environmental conditions and food availability. Unlike the past few years, 

spawning shad and. their progeny were not e.xp:sed to unusual flow or tenperature 

fluctuations or drought conditions . 

S{MIARY 

'Ihe haul seine was effective in taki.n:J juvenile shad at several lower river sites 

during mid-July through mid-oct.aber. catch per unit effort with this gear of 

1. 76 shad/haul was cx:arparable to that from 1992 and. considerably greater than in 

1991 when larger numl:::ers of adults and hatchery fr:y were released in the river. 

Hudson River source juveniles stocked as fr:y at 'Ihampsontown appeared sinw.ta­

neously in collections at Amity Hall arrl Marietta in late July. Delaware sruroe 
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.... fish did not appear in dCM'Tl.Stream collect.ions until October. successful 

reprc:duct ion of transplanted adu.l t shad was well docu:rne.."lte::i with the collection 

of unmarked wild fish at all netting sites during July through October. 

River flc,.,,, conditions during the stmmer an:i fall of 1993 were stable an:i slightly 

belc,.,,, lon;1-tenn average values. OJ'bnigration from the river oa:::urred during the 

pericxi 25 October through 16 November an:i, based on collect.ions at all points 

be.le,.,,, York Haven, the ou'bnigrant population was considerably stron;er than in 

1991 an:i 1992. 

Hatchery released fcy grew well, reachirq an average size of al:a.It. 123 mm within 

4-nonths of release. later released Connectia.it River shad in collections were 

slightly srraller than Hudson an:i Delaware jl.Neniles. Wild shad grew at al:a.It. the 

same rate as hatchery fish but generally maintained a slight size advantage in 

oanbi.ned collections. 

Relative to their abun:1ance at stock.i.rB, Hudson River source jl.Nenile shad were 

recaptured at 3. 4 to 16. 6 times greater frequency than Delaware an::i Cormecticut 

River fish, respectively. Pord-reared fingerlings were very well represented in 

late season collections within several weeks of release in the Juniata River. 

st. Pierre, R. A. 1993. Evaluation of m::,vements, abun:1ance an::i growth of 
jl.Nenile American shad in the SUsquehanna River. In Restoration of 
American shad to the SUsquehanna River. 1992 Ann. Prog. Rep. to SRAFRC, 
Harrisburg I PA. 
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Table 1. SUIImary of Juvenile kreric:an Shad Collected with Seines 
in the SUSquehanna River, July--Octaber, 1993 

[ate I...ccatic:n No. Hauls No. Shad 

7/15 Columbia 7 2 
Marietta 2 10 

7/16 Pequea 8 11 
7/20 Pequea 6 27 
7/21 Coltnnbia 4 0 

Marietta 3 4 
7/27 Marietta 6 24 
7/28 Amity Hall 3 265 

8/3 Pequea 9 0 
8/4 Columbia 3 1 

Marietta 2 8 
'Ihree Mile Isl. 1 109 

8/12 Marietta 5 2 
8/13 Pequea 8 0 
8/17 Marietta 4 22 
8/18 Columbia 4 8 

Pequea 9 0 
8/25 'Ihree Mile Isl. 8 9 
8/26 Marietta 8 12 

9/1 Columbia 8 13 
9/2 Pequea ' 7 1 
9/8 Coltnnbia 10 20 
9/15 Columbia 6 15 
9/21 Columbia 8 35 
9/30 Coltnnbia 8 27 

10/6 Columbia 6 11 
10/13 Columbia 7 22 
10/20 Coltnnbia 8 0 

168 658 

-
-

-
-

. ..,, 
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Table 2 . SUrrmary of Fish Collections with Lift Net in the Holtwcxx:l 
Hydroelectric Project Forehay durin:] Aub.Jmn 1993. 

Effort was 10 lifts per event. 

rate ~ican Blueback Gizzard All 
Shad* Herrin:J Shad other 

9/09 634 8 
9/13 51 1 
9/16 528 13 
9/20 287 6 
9/23 368 47 
9/28 3 1 3684 13 
9/30 3 2380 32 
10/4 2 1 2239 25 
10/7 3 1 25097 36 
10/12 2 4785 25 
10/14 2 4024 12 
10/18 1 1 2967 6 
10/21 1 2 5947 9 
10/25 145 14 1447 5 
10/28 206 24 7639 4 
11/01 166 16 1540 3 
11/04 130 12 260 0 
11/08 360 60 1948 6 
11/11 20 12 1344 2 
11/15 46 6 120 4 
11/18 2 2 103 3 
11/22 3 4 31 0 
11/24 17 209 0 
11/29 cancelled due to high water 
12/02 3605 3 

1,093 173 71,237 263 

* juveniles only 
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Table J. Analysis of juvenile American shad otoliths collected in the Susquehanna River, 1993. 

Wild 
Immersion marks Feed marks Micro -

Days Days Days structure 
Collection Coll. Day Days Days 3, 11, 5,13, 5,9,13, Canal USC USC USC Total Nol 

Site Date 5 5,9, 13 3, 13, 17 13, 17 17,21 17,21 Pond Pond 1 Pond 2 Pond 3 Marked Marked Total 
Amity Hall 7/28/93 1 29 32 1 63 c(P' 2 65 

Clemson I. 9/27/93 0 1 

Three Mile 8/4/93 1 10 11 H3 * 29 
Island 8/25/93 2 3 5 4 9 

.,,._ 
I York Haven 9/29/93 4 4 4 I ..J .,,._ 

10/22/93 1 5 1 1 9 ** 18 27 
0 0 

Marrietta 7/ 15/93 0 10 10 
7/21 /93 0 4 4 
7/27/93 5 5 17 22 
8/4/93 0 7 7 
8/12/93 0 2 2 
8/17/93 1 1 18 19 
8/26/93 2 2 4 8 12 

Columbia 7/15/93 0 2 2 
8/18/93 1 1 2 6 8 
9/1/93 1 2 3 10 13 
9/8/93 1 3 4 16 20 
9/15/93 3 3 12 15 
9/21/93 4 4 21 25 
9/30/93 8 1 9 18 27 
10/6/93 1 1 2 7 9 
10/13/93 1 1 13 1 1 3 1 21 1 22 

\ { t l { I I I ' 
{ 
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TARLE 3. (Continued) 
Wild 

Immersion marks Feed marks Micro -- · ·-
Days Days Days structure 

Collection Coll. Day Days Days 3, 11 , 5, 13, 5,9, 13, Canal USC USC USC Total Not 
Site Date 5 5,9, 13 3, 13, 17 13, 17 17,21 17,21 Pond Pond 1 Pond 2 Pond 3 Marked Marked Total 

Pequea 7/16/93 0 1 1 1 1 
7/20/93 0 26 26 
9/2/93 o ~) (?11

• 1 1 ', "} "} 

Holtwood 9/28/93 0 2 2 
9/30/93 0 I 1 
10/4/93 1 1 I 2 
10/7/93 2 2 1 3 
10/12/93 0 2 2 
10/14/93 0 2 2 
10/18/93 0 1 
10/21 /93 0 1 1 ,,... 

I 
I...> 

10/26/93 7 1 1 9 16 25 
u, 10/28/93 5 4 10 ••• I 4 24 

11/1/93 2 4 2 1 2 11 I '1 25 
11 /8/93 2 5 7 10 25 
11 /1 1 /93 7 4 1 1 5 18 2 20 
11/14/93 8 4 1 1 1 15 10 25 
11 /15/93 5 5 1 1 5 6 23 5 20 
11 /18/93 0 ~ (.J"\1 • 2 1').. 2 

~ 

Peach 11 /3-1 1 /24/93 5 4 9 15 211 
Bottom 

Conowingo 11/5- 11 /22/93 4 2 1 7 9 16 
strainers 

Totals 12 128 8) 3 2 6 4 l 9 12 262 )56 fi 18 

Percent 4.6 48.9 31. 7 1.1 0.8 2.) I. 5 0.4 ) . 4 4.6 42.4 5 7. 6 

* Includes one specimen with hatchery microstructure and no mark 
** Includes one specimen with marks on days 3,5,14,18 - unkno\,(Jl origin 
*** Includes one specimen with marks on days 3,5,11,15 - unkno\,(Jl ori~in 
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Table 4 . Relative survival of American shad fry from various egg source rivers, stocked 
in the Susquehanna River, 1988-1993. 

Fry Juveniles 
Egg Release Released Recovered Recovery Relative 

Year Source Dates Number % Number % Rate Survival 
1988 Va. 5/13-5/31 682,685 11 111 40 0.000163 1.00 

Del. 6/1-6110 495,670 8 69 25 0.000139 0.85 
Col. 7/5- 7/25 5,272,330 82 99 36 0.000019 0.12 

1989 Va. 5/30-6/1 477,320 4 67 26 0.000140 1.00 
Hud. 6/5-6/28 2,864,720 21 94 37 0.000033 0.23 
Del. 6/16-7/7 1,644,630 12 11 4 0.000007 0.05 
Col. 6/30- 7/11 8,477,980 63 80 32 0.000009 0.07 

1990 Va. 5/22 178,300 3 4 1 0.000022 0.12 
Del. 5/26-6/8 1,622,800 29 19 3 0.000012 0.06 
Hud. 6/6-7/2 3,817,900 68 714 97 0.000187 1.00 

1991 Del. 5/31-6/9 1,085,000 15 61 13 0.000056 0.83 
Hud. 5/30-6/18 6,098,000 84 415 87 0.000068 1.00 

Conn. 6/28 35,000 <1 0 0 0.000000 0.00 

1992 Del. 6/4-6/18 798,700 26 41 17 0.000051 0.19 
Hud. 6/5-6/16 568,700 19 152 64 0.000267 1.00 

Conn. 6/29-7/6 1,672,000 55 43 18 0.000026 0.10 

1993 Del. (H21) 6/22 227,700 3 3 1 0.000013 0.11 
Del. (other) 6/11-7/2 2,271,700 35 83 35 0.000037 0.32 
Del. (total) 6/11-7/2 2,499,400 38 86 37 0.000034 0.30 

Hud. 6/3-6/18 1,104,200 17 128 55 0.000116 1.00 
Conn. (121) 6/25 243,800 4 2 1 0.000008 0.07 

Conn. (J11,J21) 6/13-6/14 891,700 14 12 5 0.000013 0.12 
Conn. (other) 6/22-7/13 1,802,400 28 6 3 0.000003 0.03 
Conn. (total) 6/13-7/13 2,937,900 45 20 9 0.000007 0.06 
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FIGURE 1. Locations for Juvenile Shad Sampling 
During July - October, 1993. 
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Figure. 2. Comparison of River Flow 
during June-November, 1993 with 

Long-Term Monthly Mean Flow. 
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Figure. 3. Growth of Wild Juvenile Shad 

in the Susquehanna River in 1993. 
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SUJ\1J\1ARY 

At the direction l>f the Susquehanna River Technical Committee. the Susquehanna Electric 

Power Company (SECO) sponsorcJ a study to t!Stimate the survival of juvenile American shad 

(Alosa sapidissima) in passage through a new Kaplan type turbine (mixed-flow) at Conowingo 

Hydroelectric Station. The stuJy was conducted between 28 October and 6 November 1993 at the 

newly installed turbine Unit 8. when it was operating at 55-56% wicket gate opening, a less than 

efficient mode of operation. The HI-Z Turb'N Tag-recapture technique (U.S. Patent 4,970,988) 

was utilized in the study. Water temperature ranged from 11-14 °C (5 1.8-57 .2 °F) during the 

study. 

A total of 108 juvenik American shad (100-149 mm fork length) was introduced into the 

turbine; an equal number was released near the turbine discharge as controls. The recapture rate 

of turbine exposed American shad was about 88% and that of controls about 93%; fish were 

generally recaptured within six minutes after release. The estimated short-term survival (1 h) was 

94.9 % (95% CI=86.2-100%): the long-term (48 h) survival was estimated at 92.9% (95% 

CI=83.9-100%). The survival of control and turbine exposed fish was not significantly different 

(P > 0.05). These survival rates are similar to those obtained for juvenile alosids at other hydro 

darns equipped with Kaplan type turbines. 

The actual survival of naturally entrained juvenile American shad will most likely be 

higher than estimated herein because inflated tags recaptured without fish , fish preyed upon, or 

fish of unknown status were consiuered dead: tag separation from live fish was observed in 

turbulent waters. Due to personnel safety concerns fish could not be retrieved prior to tag 

separation. Additionally. tagged fish experienced multiple stress of capture, transport, tagging, 

induction. and recapture which naturaJJy entrained fish do not experience. 

Based un the findings of this and similar other stuJies it appears that passage of juvenile 

American shad through Kaplan type turbines at Cunowingo Dam is relatively benign. 

CDSXAFRC. lhZ 
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1.0 INTRODUCTJO:'\ 

Successful downstream passage uf emigrating juvenile American shad (Alosa sapidissima) 

at hyuroelectric <.lams is necessary co sustain. increase. ur resrore the population of returning adults 

to rivers of their origin. Of the several causes of monaJity to juvenile American shad on their 

seaward journey, passage through hydro turbines is of major concern. Efforts to restore American 

shad population to the Susquehanna River have been underway for several years via trap and 

transport of pre-spawned adult American shad. which bypasses the four hydroelectric dams, and to 

stock hatchery-reared fry/tingerlings above these dams (Figure 1-1 ). Juveniles produced from 

these sources must successfully negotiate the four hydro dams in order to reach the Atlantic Ocean 

to mature. 

Efforts have been directed to provide safe passage depending upon the magnitude of 

turbine-related mortality at each of the dams upstream of Conowingo. Many juvenile American 

shad are diverted away from the turbines at the upstream most darn, York Haven, by behavioral 

exclusionary devices. Passage survival at Safe Harbor (equipped with Kaplan turbines) was quite 

high (97%) but lower (60-80%) at Holtwood (equipped with Francis turbines). Feasibility of 

behavioral devices at Hultwuod is being determined at present. Due to the paucity of reliable data 

at the Conowingo Dam (FERC Project Nu. 405), the last darn juvenile shad encounter on the 

Susquehanna. there has been a serious concern whether shad are safely negotiating this darn on 

their seaward journey. A need for potential mitigation can be evaluated or considered based on 

reliable data on the magnitude of the difficulty the entrained American shad encounter at 

Conowingo. 

As a result of the above concerns the Susquehanna River Technical Committee (SRTC) at 

its February 18. 1993 meeting recommended that the PECO Energy Company's subsidiary 

Susquehanna Electric Company (SECO) conduct a study to reliably estimate survival of emigrating 

juvenile Ameri,an shall in passage through a Frands turbine at the Conowingo Dam. The 

C' vSIUFRC. lliZ 
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Committee members reCl)mmendeLI that prior to the implementation of a full-scale study, a detailed 

Study Plan be developed for their review and comments. Subsequently, SECO directed RMC 

Environmental Services. Im: . . Drumore. PA (RMC) to develop such a Study Plan. RMC prepared 

the Study Plan and distributed it to the members for review and comments. All comments 

received were incorporated in the stucJy plan. 

The Study Plan provided procedures for reliably estimating survi val of juvenile American 

shad upon passage through a Francis turbine at Conowingo Hydroelectric Station using the HI-Z 

Turb'N Tag (furb 'N Tag) recapture technique (U.S . Patent 4,970,988). It provided specific 

cJetails of methodology. a brief literature review, study design. sample sizt! . source of specimens, 

and reporting schedule. The StucJy Plan took into consideration prior knowledge, experience, and 

relevant existing cJata. 

Although the Study Plan envisioned estimation of juvenile American shad survival in 

passage through one of the Francis turbines (Units 1-7) the study was conducted 28 October 

through 6 November 1993 at turbine Unit 8. a newly instaJle<.I Kaplan type turbine (mixed flow) 

with fixed runner blades. All committee members were informed of this change in plans, none 

objected. The purpose of conducting the study at Unit 8 was to determine if the juvenile 

American shad survival is high at this new turbine. If survival was high then this turbine could be 

operated to release the required minimum t1ow instead of using a Francis turbine during the peak 

period of American shad emigration. Also with a high survival rate, similar turbine replacements 

will be planned for units 9. JO. and 11 in the future. All of these units could be utilized to pass 

emigrating juvenile American shad. Some very rect!nt studies have shown that the survival of 

juvenile clupeids in passage through Kaplan type turbines may be higher than through some 

Francis turbines (EPRI 1992: Heisey et al . 1992: RMC 1991, 1992a,b,c,1994; Mathur et al. 

1994a.b). Juvenile Ameril:an ~hau passage ~urvival through Kaplan type turbines has been 

reported to be more than 95% in !,time tif tht!!>c studies (Heisey et al. 1992: Mathur et al. 

C'<lSH.·ll RC lltZ 
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l 994a.b): survival through Frant.:is rurbines wa~ quite variable. ranging from 68 to 78 % (24 h) at 

two large Francis units (RMC 1992t.:) and 94% (48 h) at a smaller unit with slow rotational speed 

(75 rpm) (RMC 1994). A feasibility study to estimate juveniJe American shad survival conducted 

at Cunowingo's Francis turbines in 1989 (RMC 1990) provided inconclusive results. 

The principal objectives of the study were to estimate short (1 h) and long-term (48 h) 

survival of juvenile American shad in passage through Kaplan turbine Unit 8, and to evaluate the 

nature and source of injury. The study was conducted when the turbine was operating with the 

wicket gate opening of 55-56% to simulate a "worst case" scenario; survival of fishes is reported 

tu be lower at ineffo:ient turbine operation (Bell 1981: Eicher Associates 1987). 

Prior to initiating the study. SRTC members were informed of the schedule and were 

encouraged to witness the study. offer comments. and make recommendations. Several members 

and their associates witnessed the stud y. 

1.1 Project Description 

The Conowingo Hydroelectric Station. built in 1928. is located at river mile 10 on the 

Susquehanna River (Figure 1-1). The powerhouse has a peaking generating capacity of 512-MW 

and a hydraulic capacity of 85.000 cfs. The powerhouse contains 7 vertical Francis (numbered 1-

7) and 4 Kaplan turbines (numbered 8-11). The four Kaplan turbines were installed in 1964. 

Each has a hydraulic capacity of 10.000 cfs. The old Unit 8 has been recently replaced with a 

more efficient new Kaplan type turbine: the flow pattern within the new turbine is also smoother. 

The study was conducted at the new Kaplan turbine operating at 55-56% (50-MW or a discharge 

of 8,000 cfs) wicket gate opening, a less than efficient mode of operation. The optimum operating 

efficiency (93%) is reached at a wkket gate opening of approximately 75-80%. 

Figure 1-2 shows a schematic of turbine Unit 8 along with the fish release locations. The 

turbine ha!) six tixed blades with a runner speed of 120 revolutions per minute (rpm), and a runner 

diameter of I 8. 75 ft. It is iJentical to the nc:m· turbines (designated mixed-flow) recently installed 

C .,Sll,tFRC lli2. 
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at the Safe HarhLir Hy<lrod e~tril: Stat i,in (Hci:-c) et al. 199:?) nn the Susquehanna River. Table 1-

l provides add itinnal J ata nn h)<l raulii.; and phy~i-:al ~hara~tcristii.;s of the turb ines. 

Table 1-1 Phy~ical and hydraulic.: characteristics of the Kaplan turbines al Conowingo 
Hydroelectric Station. Data supplied hy the Susquehanna Electric Company. 

Configuration 
No. of Units 
Manufacturer 

Name plate horsepower 
Number of blades 
Rated head (ft) 
Rated output (MW) 
Approximate tlow at rated output {d s) 

RPM 
Runner diameter (in) maximum 
Hub diameter (in) 
Clearance between blades (in): Hub 

Tip 
Water passage diameter at runner (in) 
Blade tip speed (fps ) 
Number of wicket gates 
Space between wicket gates (in) 

* Kaplan type unit also designateJ "mixeu-fluw" 

CvSR.AFRC /JiZ 
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Kaplan (new)" 
1 

Voith 

85.000 
6 
90 
62 

10.000 
120 
225 

90.4 (top); 54.5 (bottom) 
31 

5-5 

67 
225 .5 

118 
24 
23 

Kaplan (old) 
3 

Allis chalmers 

85,000 
5 

. 90 
62 

10,000 
120 
225 

91.0 (top); 53.5 (bottom) 
37 
80 

225.5 
118 
24 
23 
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2.0 METHODS 

2.1 Collection and Holding of' Amtric.:an Shad 

Juvenile American ~had ( I 00-149 mm fork length) were collected from the inner forebay 

of the Holtwood Hytlroelectrk Station by a specially designed lift net (Heisey et al. 1992) in late 

October and early November 1993. These fish were considered representative of the emigrating 

population. Upon capture. fish were transported in sealed 20 gal plastic circular tubs to the RMC 

Muddy Run Ecological Laboratory. Drumore, PA. At the laboratory, the fish were held in a 300 

gal tank equipped with watt!r recirculating system: sal inity was maintained near 5 ppt. When 

sufficient number of juvenile:! American shad had accumulated, within a day or two of capture, 

tht!y were transported tu tht! Cunowingu Dam in 50 gal tanks mounted on a pick-up truck. Fish 

were transported in oxygenated salt water (approximately 5 ppt). Upon arrival at the test site, 

shad were held in 600 gal circular tanks. located at tht! concrete deck off the East Side Fish Lift, 

and supplied with a continuous flow of ambit!nt water. A 50 lb block of salt was added when fish 

were stocked and on subsequent days when fish were removed for testing. The 50 lb block of salt 

dissolved slowly over an 8-lO h period and maintained a concentration of approximately 5 ppt. 

These procedures minimized the effects of handling, transporting, and transferring; little monality 

of tish occurred tluring the holding periotl. Fish wt!re held for a minimum of 24 b prior to tag 

and release to allow for an acclimation periotl. Fish were handled with extreme care including 

water to water transfer. direct netting was avoided to minimize scale loss. The water temperature 

ranged from 11-14 °C (51.8-57 .2 °F). 

Approximately 500 juvenile American shad were also supplied by the Joseph Manning 

Hatchery which is operated by Maryland Department uf Natural Resources, Fishery Division. 

These specimens were not utilized because wild fish were subsequently collected. All juvenile 

American shad, both hatchery and wilt! foh. were released t0 the Cunowingo Hydroelectric Sta 

tailwaters at the entl of the !-tutly. 

C<>SRN'RC 1/iZ 
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2.2 Tagging of AmeriC.tn Shad 

Fish used for tagging were l.'.lln~entrated within a net and then water brailed from the 

holuing pools and placed into 5 gal drcular tubs tilku with 5 ppt NaCl-buffered river water. Fish 

(5-10 specimens at a time) were carried to the tagging sites. Each fish was fitted with a neutrally 

buoyant miniature radio transmitter and a Turb'N Tag. The tagged fish were released by an 

induction system either into the turbine penstock (treatment) or turbine discharge (control). Just 

prior to release into the induction system the tag was activated by injecting 1-1 .5 ml of catalyst. 

Details of the tag and release tel.:hnique are given in Heisey et al. (1992). Briefly, un-

inflated Turb 'N Tags were made of bright colored latex, were pear shaped with a maximum length 

and width of 38 mm (1.5 in) anu 13 mm (0.5 in), respectively. Each tag weighed about 1.5 g. 

Upon inflation the tags measure<l 75 mm (3 in) long and 50 mm (2 in) in diameter. Each radio tag 

was approximately 10 x 31 mm. weighed 1.7 g, and propagated radio signals through a 27 cm thin 

wire antenna. Tags were attache<l by a single stainless steel pin through the dorsal musculature 

near the insertion of the dorsal tin. The pin was inserted with a modified ear piercing gun and 

secured by a small plastic disc. Figure 2-1 shows the steps involved in tagging and recapture of 

fish using the Turb 'N Tag. Figure 2-2 shows the unintlated and inflated tag on juvenile American 

shad. 

2.3 Induction of American Shad 

Tagged fish were introduced individually into the penstock of turbine Unit 8 (treatment) or 

near its discharge (control) by an induction apparatus consisting of a small holding basin attached 

to a 7.6 cm (3 in) supply/delivery line (Figure 2-3). A gasoline powered trash pump supplied 

water to the system to ensure that fish were transported quickly within a continuous flow of water 

through the reinfon:ed plastk delivery line deployed in the headgate slot (Figure 1-2). Control 

fish were tagged and relea!>ed inui"idually through a !,imilar induction apparatus in an area between 

tht! uis,hargt! "boil" uf Unit 8 anu Unit 7. Tht! excessive turbulence in tht! uischargt! "boil" of 

Cu!>RAFRC.H,2 

/""'""" c7, I YW 5-9 



Unit 8 aeate<l seri l>us per!-.onnel safety concerns in retrieving control fish. Consequently. control 

tish hat! to he released in an an:a hetween Units 7 and 8 uischarge. Thus. control fish may not 

have experienced equivalent level of turhulence as did the post turbine-entrained juvenile American 

shad. 

2.4 American Shad Recaptur~ 

Turh' N Tags inflated shortly after release. usually within 5 minutes, and buoyed the fish to 

the surface fo r retrieval. Fish were ltH.:ate<l hy homing on radio signals and/or visually spotting 

the inflated Turb'N Tag(s) . Ratlio signals from taggetl fish were received with a boat mounted 5-

element Yagi antenna coupled to a programmable scanning receiver (Advanced Telemetry Systems, 

Inc .. Isanti. MN). Fish which failed to surface were monitored via radio signals for at least 30 

minutes. 

Immediately upon retrieval. each tish was carefully examined for injury and tags removed 

by a modified pliers (Heisey et al. 1992). Later, fish were transferred via 5 gal buckets to a 600 

gal holding pools to assess the long-term (48 h) effects of turbine passage. The treatment and 

control fish were held in separate pools containing approximately 5 ppt salt water. These pools 

were continuously supplietl with amhient river water anJ covered tu prevent escapement and 

minimize external stressors. A 50 lh hlock of salt was placed in each of the pools (treatment and 

control) tO maintain the desired salinity. Additional salt was added. generally after 20-24 h. The 

addition of salt in the holding pools minimizetl the potential adverse effeas of handling and 

transfer as juvenile clupeids are known to he extremely sensitive to handling stress (Heisey et al. 

1992; Ruggles 1993). To further minimize handling stress, fish were measured (fork length in 

mm) at the end of the 48 h assessment period or at the time of mortality; however, little mortality 

occurred among the fish heltl for 48 h. Mortalities were examined at 24 and 48 h. The average 

length of treatment fish was 118 mm anti of controls 117 mm (Tahle 2-1 ). 
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2.5 Classilic..icion of RCU!pturcd Amcric..in Shad 

Recapturt!J tish were da!)!)itieJ al> folhiw~ co estimate the short-term ( ~ I h) effectS of 

passage through the turbine: (I) recaptured alive Jenotes shon-rerm (I h) survival: (2) alive bu, 

not recovered. sighwd swimming denotes live: (3) recaptured dead denotes immediate monality; 

(4) rags only recaptured were dassitied as rag separation; (5) unrecovered fish with a transmitting 

radio tag was assignt!d a status based on movement pattern of the radio tag . Fish were assigned a 

status short-term mortality if the tag remained stationary, predation if movement patterns were 

typical of predator (i.e .. rapid movements throughl>Ut the tailrace. movement into areas of strong 

current. and aerial signals from gulls): and (6) u11k11c,w11 - nt!ither fish nor tag were recovered 

within 30 minutes after release anJ status could not be ascertained from the radio signal. 

The statu~ of unrecovered radio tagged fish was determined by the characteristics of the 

radio signal transmissions or recovery of inflated Jetached tags. For the purpose of a conservative 

estimate of survival all fish classified as tag separation. predation or unknown were aJso 

categorized as mortalities (Heisey et al. 1992: Mathur 1994a). Survival of fish exposed to turbine, 

adjusted for control mortality. was estimated with the formula given by Burnham et al . (1981): 

where 

C.,:,JWHC /1,Z 

lUl'U'-.lr"\ :7. JV..: 

A s 
r, 
R, 
r, 
R, 

S = (r,/ R,) 
(ref Re) 

= survival of tish after passage through turbine 
= number of live treatment fish recaptured 
= number of I ive treatment fish introduced into turbine 
= number of I ive control fish recaptured 
= number of I ive cuntrol fish released 

Variance of S = (S)2[ _!_ 
r, 

1 

R, 
1 

+ - -

Standard error (SE) of S = J var(S) . 
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The statistil:aJ signitkam:e in the uifferen1.:es in mortality and recapture rates of treatment 

anu i;ontrol groups wa!I determined hy a i;hi-squarc analysis as recommended by Burnham et al. 

(1987). Data wen~ analyzed using the Statistil:al Analysis System (SAS Institute. Inc., Version 

6.03). 

Table 2-1 

Length 

LE 100 
110 
120 
130 
140 
150 

TOTAL 

Minimum 
Maximum 
Mean 

Fork length (mm) distribution of American shad used for the 
turbine passage sur vival study at the Conowingo Dam Unit 8, 
Octoher-Novemher 1993. 

Control 

2 
18 
39 
14 
5 
l 

79 

100 
149 
117 

Test 

16 
34 
20 
5 

75 

104 
135 
117 

Total 

2 
34 
73 
34 
10 
1 

154• 

Standard Deviation 9 7 

* 

Cu!>l<AfHC 11,Z 
J ..111UJ1' :7 / Vff.4 

Not all taggeu fish relea!)eu could be measured. 
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Figure 2-1 

Example of Turb'N Tag-recapture procedures on juvenile salmon. A. Tagged fish prior to release. 
B. Fish buoyed to surface after passage through station. C. Removing tags. O. Recaptured fish 
in l ong-term assessment tank. 
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Figure 2-2 Uninflated and inflated Turb'N Tags on a young American shad. 
Reproduced from Heisey et al. (1992). 
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Schematic representation of the portable fish induction system. 



3.0 RESL'LTS 

3.1 R~atp lurt! Ralc~ 

A tutal 1>f 108 treatment and 108 ..:untr11l ju\'cnile :\merk:.tn ~hatl was released (Table! 3- 1). 

Recapture rates of hnth group!- were rela1ivcly high antl statistkally similar (P > 0.05). The 

recapture rate of treatment grnup (ph~~kal ly recaptured live and LlcaLI) was about 88% and that of 

control group was 92.6%. Only one each 11f treatment antl control tish recaptured was deatl. 

Tht! nun-recovery of tag-ht!aring tish could he partially attributable to gull predation and 

tag separation (Table 3- 1 ). Ahout 5.6% l>f the treatment (6 tish) and 6.5% (7 fish) of the controls 

were preyed upon. The recapture nf 7 (6 .5%) intlatetl tags withuut tish in the treatment group. 

although d assitietl tlcaJ in the analysb fo,h . might have ~urvivetl. Nune of the w ntrols showed 

detachment of tags . The! juvenile American shad have rc!lacively soft flesh and some tags may have 

become separatetl in passage through turhulcnce of the! curhine discharge "boil". The wntrul fish. 

tluc! tu personnc!I safc!ty rc!asllm,. coultl not be release<l dire-:tly into the Jischarge "boil" of Unit 8 

and thus probably did not expcrieni.:c an c!quivalent amount of hydraul ic forces as did the turbine-

exposed fish: they were! relea~etl tietwecn Unit~ 7 and 8 db..:harge in an area subject to only 

motlcrate turbulence. 

The recaptttre time!- of huth the treatment and ..:ontrnl tish were relatively short antl quite 

similar (Table 3-2) . Mo~t spe..:imens were recapturt!tl in less than 6 min: average was 6 min for 

treatment and 4 min ti>r controls. Thus. hoth groups were expose<l to tailrace conditions 

approx imately for similar rime!- . 

3.2 Sunh•a l Ra te.-; 

The survival of juvenile Amerkan shad wa~ high (Table 3-1 ). The short-term ( 1 h) 

survival was eStimateJ at 94.9% (95% (1=86.2-100%). The 48 h survival was estimated at 

92.9 % (95% CJ= 81.9-100~ J. Little m,,rwlit~ ,,c-:urrc:J Jttc:!r immediate passage: only 2 of the 94 

rnrhinc-expnsed tish lldd died m·er the -+8 h pc:riud (Tahk 3-1 ). N,>ne of the 1.:ontrols tlietl over 
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the long-term assessment periuJ. Differences in ~u rvival of treatment and control fish were 

nunsignifa:ant (P>0.05) at I h m 48 h. 

3.3 Injury 

All recaptured fish (live and dead) were carefully examined for type and location of injury, 

scale loss. and unusual behavior (Tahle 3-3). Only one treatment fish was severed and appeared to 

have suffered a lethal direct strike from a turbine blade or other structural component. Some 

specimens (treatment. 11: controls. 10) had scale loss which was attributed to tagging and 

recapture prm:edures. Other infrequently observed injuries included lacerations (2 treatment, 

control) and bruises ( I treatment. 3 control). These injuries were lethal to only two of the 

treatment fish during the long-term (48 h) assessment period. All live specimens (both treatment 

and control) were in good condition at the em.I of 48 h. 

C:uSHAFHC /Jil 
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Table 3-1 Recapture and sunin.11 rate of junmile American shad introduced into turbine 
Unit 8 (treatment) and turhine discharl,!e (control) at Conowinl,!O Hydroelectric 
Station. The unit operated at inef'licient wicket gate setting of 55-56% (50 
l\1 \\') durin1,: the study. 

No. Released 

No. Recaptured Live! 

No. Dead or Lost 
Recaptured Deau 
Tags Only 
Unknown 
Lost to Predation 

Estimated short-term (I h) survival 

95% Cl 

= 94/ 108 = 94.9% 
99/ 108 

Estimated long-term (48 h) survival = 921108 = 92.9% 
99 / 108 

95% Cl 

* Upper limit trum:ate<l at 100%. 

Turhine Control 

108 108 

94 99 

I 1 
7 0 
0 1 
6 7 

86.2 - 100.0%. 

83 .9 - 100.0 %. 

Table 3-2 Recapture times (time from release until recapture of fish or innated tags) of 
treatment (turhine exposed) and control (released into turbine discharge) fish 
released at turhine Unit 8 of the Conowingo Hydroelectric Station, October­
Novemher 1994. The turhine operated at 55-56% wicket gate setting during 
the study. 

Treatment 

Control 

N 

103 

IOI 

Mean 

6.0 

4.1 

5-18 

Standard 
Deviation 

6.7 

2.7 

Minimum 

2 

Maximum 

62 

23 



Table 3-3 Matrix of American shad injury type for fish released in turbine 
unit 8 of the Conowingo Hydroelectric Station, October and November 1993. 

TREATMENT CONTROL 

INJURIES -

Lacerations l 1. 

Bruises/ hemorrhaging 1 3 

Major scale loss 2 1 2 

Stress 5 4 

Minor scale loss 7 2 7 

Severed body parts 1 

TOTALS 15 1 1 4 16 1 

• - this fish also exhibited stress 

,,,,,.. 
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4.0 DJSCUSSION 

The survival of fishes in passage through turhines. spillways. M bypasses can be reliably 

estimated with the fulfillment of assumptions assodated with the proceJures used in a study. To 

obtain a valid survival estimate for the Conowingo study we made the following explicit 

assumptions: handling, tagging, and release do not differentially affect the survival rates of 

treatment and control groups: recapture probabilities for the treatment and control groups are the 

same; and recapture crews do not differentially select retrieval of either group of fish. The 

assumptions were considered fulfilled as follows. Although insertion of the tag, fish induction, 

amJ tag removal requires handling and may result in some injury or mortality our results indicated 

that these prot.:esses had minimal effet.:ts uver the 48 h assessment period. The 48 h survival of 

live ret.:aptured control fish was 100% (99 of 99). The survival of recaptured live treatment fish 

was 97 .8% (92 of 94). The survival of treatment and control groups was not signitkandy 

different (P > 0.05): little mortality 01.:curred beyond I h and nearly all fish appeared to be 

swimming normally. 

The assumption that treatment and control fish were equally vulnerable to recapture was 

not violated. Chi-square tests indicated homogeneity (P > 0.05) in recapture and survival 

probabilities of control and treatment fish. Nu recovery crew was spedfit.:ally assigned to retrieve 

control or treatment tish: the tish were recaptured by the available crew. The average ret.:apture 

times for the treatmt:nt and control groups were virtually identit.:al. Thus, the recapture t.:rew bias 

was minimizeJ. 

Two of the major obstades in obtaining reliable turbine passage survival estimates of 

fishes, particularly juvenile alosids. have been the inability of investigators to qukkly recapture a 

high proportion of fish for careful physical examination and to minimize injury/mortality due to 

ret.:aprure prot.:ess at large hydro-dams (Heisey et al. 1992). The recoverable tag ret.:apture 

technique used in the present study nvercame these limitatiuns. Sint.:e the tag is chemkally based 

C<>Sl<AFRC.11,2 
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and int1ates quickly no spec.:ial or elahorate !'lystem!', were requi re<.l to retrieve each buoyed fish . 

The rt!c.:apture crew~ were craineJ in han<.lling of juvt!nile alosi<ls anti retrieved the buoyed fish with 

minimal damage: thus. the mortality <.Jue to recapture prnc.:ess was minimized . 

Heisey et aJ. (1992) noted that in past studies on juvenile aJosids , using conventional 

methods (e.g., netting) a c.:ombination of bigh rec.:apture rates and low c.:ontrol mortality has been 

generally unattainable. The tag-recapture procedures performed well during the present study. 

Over 90% of the fish (treatment and contrnls combined) were recovered. This contrasts with some 

net studies in which recovery rates were sometimes quite low. For example, Taylor and Kynard 

(1985) reported average rec.:nvery rates for turbine-expose<.! juvenile dupeids less than 6% and 

those of controls averaged less than 15%. Burnham et aJ. (1987) and Ruggles (1993) indicated 

that the reliability of turbine passage survival rates im:reases substantially with low control 

mortality and high recapture rates. Both these criteria were fulfilled in the study. Over 87~ of 

the treatment fish and nearly 93% tit' the control fish were quidcJy rec.:aptured for observation and 

separation of injury/mortality <lue to handling. tagging. induction, and tag removal from that due 

to turbine exposure. Thus. the survival estimate. though conservative, for the present study is 

considered ac.:c.:urate. 

Evi<lem:e is emerging that survival nf juvenile alosids in passage through Kaplan type 

turbines is high(> 90%) and remarkably similar. Our direc.:t estimate of 92.9% is similar to that 

reported in some rec.:ent stu<lit!s at otht!r luw-hea<l ( < 100 ft) hydro-dams equipped with Kaplan 

type turbines (Heisey et al. 1992: Mathur et al. 1994a.b). Heisey et al. (1992) estimated survival 

of juvenile American shad (95-140 mm fo rk length) at 97% in passage through the Safe Harbor 

Hy<lroelectric Station (55 ft head. turbine discharge 8.500-9.200 c.:fs. 5-7 turbine blades rotating at 

76-109 rpm) on the Susquehanna River. Pennsylvania . Mathur et al . (1994a) reported survival of 

juvenile American shaJ at 97 .3-100% in passage thniugh Hadley Falls Station (SO ft head) on the 

Connectkut Ri ver. Massachusetts. Tht! uisc.:hargc nf the turbine unit range<.! from 1.500 to 4.200 

c,,SJW,JIC lh7. 
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cfs. The turbine has five runner hla<.les with a rotatiunal speed of 128 rpm. At the Crescent Dam 

(27 ft head. 1.500 cfs discharge. turbine runner speed of 144 rpm. and 5 blades) on the lower 

Mohawk River. New York the survival of juvenile blueback herring (Alosa aestival is, 75-105 mm 

cotal length) was estimated at 96% (Mathur et al. 1994h). 

The actual survival of juvenile American shad at Conowingo Dam may be higher than 

estimated herein. The assumption of including all inflated detached "tags only" recoveries among 

the dead fish category was conservative and most likely underestimated survival. Observations 

indicated that some treatment fish which became trapped in the discharge "boil", for personnel 

safety reasons could not he retrieved. were alive but the tags became detached within minutes in 

the turbulence. Evi<lence from other similar studies indicates that fish equipped with two Turb'N 

tags are alive in many instarn.:es when one of the tags has been dislodged or malfunctioned. An 

example is a recently completed stu<ly on yearling fall chinook salmon smolts (Oncorhynchus 

tshawytscha) at the Rrn.:ky Reach Dam. Columbia River, Washington. where tag 

malfunction/separation was observed on some fish equipped with two Turb'N Tags (RMC and 

Skalski 1993). Many of these turbine exposed fish buoyed to the surface by only one tag were 

alive. 

AdditionaJJy, some studies have reported that survival of entrained fish is greatest when a 

Kaplan turbine is running at the highest operating efticiem:y, i.e. , wider wicket gate openings. 

High fish survival generally coim:i<les with peak turbine operating effo.:iency (Cramer and Oligher 

1964). The tested turbine at Conowingo operated at a less than efficient wicket gate opening of 

55-56%. The passage survival should be higher when the turbine at Conowingo is operated at or 

near its optimum operating efficiency. 

Survival was also reported higher for naturally entrained fish than those subjected to the 

stress llf hand I ing. tagging. anJ release (Bel I 1981: Ruggles et al. 1990). Ruggles et al. (1990) 

reported that the survival of naturally emraine<l juvenile alewife (Alosa pseu<loharengus) was 86% 

CvSRAfl<C lhZ 
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in passage through !ht! Annapolis Royal "S" type turbine on the Sissiboo River. Nova Scotia while 

those handled anti fon;e-ktl into the turhint! was nnly about 33%. Handling and marking of young 

alewife causetl high mortality of huth the i.:ontrol anti turbine exposed fish. Any stress related 

mortality associated with handling woultl not he a fai.:tor for naturally entrained specimens at 

Conowingo. 

Earlier studies on juvenile alosids have reported substantial ly lower survival (conversely 

higher mortalities) in passage through Kaplan type turbines than found in very recent studies 

induding the present one. Immediate survival of juvenile dupeids through Kaplan turbines at the 

Hadley FaJls Station was reportetl to range from 18-38 % (Taylor and Kynard 1985). 

Approximately 95% of the fish in that study were juvenile blueback herring. Stokesbury and 

Dadswell ( 1991) reportetl a survival of 53 % for juvenile dupeids at the Annapolis Royal Project 

(STRAFLO turbine). Generally. the low survival estimate of juvenile dupeids has been explained 

on the basis of their sensitivity and spedtic vulnerability to pressure changes (faylor and Kynard 

1985; Stokesbury aml Dadswell 1991 ). However. these studies utilized relatively small recovery 

nets to recapture treatment and control specimens: the use of nets for these delicate fish may 

contribute substantially to the low survival estimates. Net impingement or abrasion results in 

injuries or mortalities (Stokesbury and Dad swell 1991). This generally results in high estimates of 

mortality for both the treatment and contn>I tish and makes it difficult to separate sampling 

mortality from turhine-inducetl mortality. This problem may be further compounded by low 

recapture rates. When recapture rates are low the survival estimates based on the ratio of relative 

proportions of live treatment and I ive control groups may result in higher estimates of turbine-

related mortality (Mathur et al. 1994a). 

There are three principal causal mechanisms for injury/mortality to entrained fishes in 

turbine passage at low-head Llams ( < I 00 ft): direct blade strike or collision with structural 

cumponents. changes in pressure. aml hydraul k shear fori.:es (Bell 1981: Eicher Associates 1987; 

C,,i>JWHC.11,Z 
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EPRI 199::!). These causes. however. are not universally applicahle to all species and their life 

stages at all hytlni-tlams. Fish mortality/i njury due to an) nf these factors is generally manifested 

immediately. though the quantifo.:atiun and separation of these causes have proven difficult in the 

past (Eicher Associates 1987). The present srutly. in our view, succeeded to a large extent in 

quantifying the sources of immediate injury/mortality to juvenile American shad. We attributed 

short-term mortality of only une treatment tish recaptured dead to direct contact with turbine 

blades or associated structures. No mortality or injury was attributable to cavitation or pressure 

changes (e.g., embolism. air hlatlder rupture). Similarly. at other low-head hydro-dams equipped 

with propeller type turbines when a large proportion of treatment fish was available for 

examination, pressure or cavitation-relatetl injury/mortality was nut observed (Heisey et al. 1992; 

Mathur et al . J994a.b). This is in contrast to some other studies in which these factors have been 

implicated as sources of juvenile alositl mortality at projects with net head of less than 50 ft 

(Taylor and Kynard 1985; Stokesbury and Dadswdl 1991 ). Cada (1990) indicated that fish exit 

through hydro turbines is instantaneous antl therefore 1 ittle pressure change is expected, 

particularly at low-head projects ( < 100 ft) such as Cunowingo. A most likely causative agent for 

the higher rate of observed injury in other stut.lies appears to be the sampling gear, namely, 

recapture netting system. Ruggles et al. (1990) have pointed out several problems with mark-

recapture studies using nets. especially that the injury rates are high. 

S.O CONCLUSIONS 

The relative survival of juvenile American shad (100-149 mm fork length) was estimated 

in passage through a newl y installed Kaplan type turbine Unit 8 at Conowingo Hydroelectric 

Station, Maryland in early November 1993 at water temperatures of l l.0-14.0°C (51.8-57.2°F). 

The turbine operatetl with 55-56% wicket gate opening (a less than efficient mode of operation) to 

simulate a "worst ca~e" scenariu. 

The recapture rates nf turbine-exposed (88 % ) and ,umnil fish (fish released in turbine 

CvSIWRC.l hZ 
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discharge). 92.6%. were high am! similar allnwing separation of the dfccts of turbine exposure 

from those tlue to handling. tagging. aml indui.:tion antl provided reliahle estimate of survival. 

The estimatetl short-term (I h) relative survival of juvenile American shad was 94.9%. 

Long-term (48 h) survival was 92.9%: little mortality (2.0 %) occurred after the immediate losses. 

Differences in survival of turhine-exposed and control groups were not significant (P > 0.05). The 

observed mortality of turhine-exposetl American shad was attributed to mechanical causes; no 

hydrostatic pressure/cavitation-related injury/mortality was observed. 

The actual survival of juvenile American shad may be higher than estimated herein because 

rei..:overies of all intlatec..l non-tish hearing tags. fish of unknown status and fish preyed upon were 

considered indicative of fish mortality. Some instances of tag separation during passage was likely 

attributed to turbulent waters. particularly in the turbine discharge; field observations indicated that 

on some turbine exposed fish the tag became separated but due to personnel safety reasons fish 

could not be retrieved prior to tag separation. Additionally, the survival of fish is generally high 

when a turhine is operating at or near optimum efficiency: the tested turbine was operating at a 

less than efficient wicket gate opening. The survival of naturally emigrating fish may also be 

higher than estimatec..l for the tagged tish bei..:ause the wild tish w()u)d not experience multiple 

stresses of capture. transport. tagging. indui..:tion. and recapture. 

The estimated high relative survival of juvenile American shad (92.9%) is similar to that 

reported for juvenile aJosids in passage through low-head hydro dams equipped with Kaplan type 

rurbines in recent studies (96-100%). Based on these findings it is i..:oncluded that juvenile 

Amerkan shad should incur low mortality in passage through Kaplan turbines at Conowingo. 
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Job V. , Task 2. Analysis of adult American shad 

otoliths based on otolith microstructure and 

tetracycline marking, 1993 

M.L. Hendricks 

Pennsylvania Fish and Boat Commission 

Benner Spring Fish Research Station 

State College, Pa. 

Abstract 

A total of 135 adult American shad were sacrificed for otolith 

analysis at the Conowingo Dam fish lifts in 1993. Based on 

tetracycline marking and otolith microstructure, 17% of the 124 

readable otoliths were identified as wild and 83% hatchery. 

Ninety-seven percent of the otoliths with hatchery microstructure 

also exhibited tetracycline marks . Estimates of hatchery 

contribution to the population of adults entering the lifts ranged 

from 67% in 1990 to 83% in 1993. 

Wild fish represented a significantly higher proportion of the 

catch in samples collected in Upper Chesapeake Bay pound nets (52%) 

than that founci in Conowingo Fish Lift collections (17%) . 

During 1989-19.92, double marked fish (releases below Conowingo 

Dam) represented only 5% of the marked fish in the Conowingo Lift 

samples. In contrast, double marked fish represented 21% of the 

marked fish in the Conowingo Lift samples and 25% of the marked 

fish in the pound net samples in 1993. 
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Introduction 

Efforts to rescore American s had to the Susquehanna River have 

been conducted by the Susquehanna River Anadromous Fish Restoration 

Committee (SRAFRC). Funding for the project was provided by an 

agreement between the three upstream utilities and the appropriate 

state and federal agencies. The restoration approach consisted of 

two primary programs: 1 ) trapping of pre-spawn adults at Conowingo 

Dam and transfer to areas above dams; 2 ) planting of hatchery­

reared fry and fingerlings. 

In order to evaluate and improve the program it was necessary 

to know the relative contribution of these programs to the overall 

restoration effort. Toward that end, the Pennsylvania Fish 

Commission developed a physiological bone mark which could be 

applied to developing fry prior to release (Lorson and Mudrak , 

1987; Hendricks et al., 1991 ) . The mark was produced in otoliths 

of hatchery-reared fry by immersion in tetracycline antibiotics. 

Analysis of otoliths of outmigrating juveniles allows 

discrimination of "wild" vs . hatchery reared fish. The first 

successful application of tetracycline marking at Van Dyke was 

conducted in 1984. Marking on a production basis began in 1985 but 

was only marginally successful (Hendricks, et al., 1986). In 1986, 

97 .8% tag retention was achieved (Hendricks, et al., 1987) and 

analysis of outmigrants indicated that 84% of the upstream 

production (above Conowingo Dam) was of hatchery origin vs 17% wild 

(Young, 1987) . Similar data has been collected in subsequent 

years. 
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The contribution to the overall adult population below 

Conowingo of hatchery-reared and wild fish resulting from 

restoration efforts was more complicated. The adult population of 

shad below Conowingo Dam includes: 1) wild upper bay spawning 

stocks which are a remnant of the formerly abundant Susquehanna 

River stock; 2) wild fish of upstream origin which are progeny of 

adults from out-of-basin or Conowingo trap and transfer efforts, 3) 

hatchery-reared fish originating from stockings in the Juniata 

River and 4) hatchery-reared fish originating from stockings below 

the Conowingo Dam. The latter group were fish which received a 

"double" tetracycline mark and were first planted below Conowingo 

Dam in 1986. 

Tetracycline mark retention to adulthood has not been 

determined due to our inability to rear American shad to 

adulthood. In addition, since mark retention did not approach 100% 

until 1987, adult hatchery shad over the age of six may not exhibit 

marks. Marking rates can therefore be used only to determine 

minimum contribution of hatchery-reared fish. 

In Spring 1987, it was observed that otoliths of "wild" 

Susquehanna River juvenile American shad (as determined by the 

absence of a tetracycline mark) appeared to have different 

microstructural characteristics than hatchery-reared shad. 

Specifically, the increments formed during the first 20 days 

appeared to be wider and more distinct in wild juveniles than in 

hatchery-reared fish. In addition, hatchery-reared fish exhibited 

an increase in increment width and definition somewhere around 
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increment 20-25, possibly as a result of increased growth rate 

after stocking. Hendricks, et al (In Press) developed a method to 

distinguish between wild and hatchery-reared American shad based 

solely on otolith microstructure. This report represents a 

continuation of that work, focusing on evaluation of otoliths from 

adult American shad collected in 1993. 

Methods 

A representative sample of adult shad returning to Conowingo 

Dam was obtained by sacrificing every 100th shad to enter each 

lift. Each sampled fish was sexed, measured and the otoliths were 

extracted on site by RMC personnel. 

Adult American shad collected in pound nets at Cara Cove and 

Cherry Tree (Upper Chesapeake Bay) were also sacrificed for otolith 

analysis. Net mortalities and weak looking fish were used for this 

analysis. 

Otoliths (sagittae) were delivered to Benner Spring, mounted 

on microscope slides and ground on both sides to produce a thin 

sagittal section. Under white light, each otolith specimen was 

classified hacchery or wild based upon subjective visual 

microstructural characteristics. The classifications were done by 

two experienced researchers. 

classification was questionable, 

If visual microstructural 

increment measurements were 

performed using a Biosonics Optical Pattern Recognition System 

(OPRS ) . Hendricks et al. (In press ) found that increments 6-13 

constituted a homogeneous set with a mean width of 2.99 microns for 
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hatchery-reared fish and 5.97 microns for wild fish. A cutoff 

point was established at 3. 86 microns, 1. 02 standard deviations 

from both means. Otoliths with mean increment widths {increments 

6-13) of less than 3.86 were classified hatchery while those with 

mean increment widths of more than 3.86 were classified wild. If 

the visual and width classifications disagreed, characteristics 

were discussed to attempt to reach consensus. If consensus was not 

reached, the otolith was classified as "microstructure unknown . " 

After microstructure classification, the white light was 

turned off and the specimen examined under UV light for the 

presence of a tetracycline mark. 

It was possible to estimate hatchery and wild contributions to 

the population of adult shad entering the lifts by applying a 

correction factor based on the error rates achieved in blind 

classification trials (Hendricks et al., In Press) 

Pw=lOO (nw - nw Eh + nh E,..) /T 

and Ph=lOO (nh - nh Ew + n,.. Eh) /T 

where Pw was the percentage of the population estimated as wild, Ph 

equals the percentage of the unmarked population estimated as 

hatchery, nw equals the number of specimens in the sample 

classified as wild, nh equals the number of specimens in the sample 

classified as hatchery which did not exhibit a tetracycline mark, 

Ew and Eh equal the proportions of wild and hatchery fish which were 

misclassified in the blind trials, and T equals the total number of 

specimens classified in the sample. 
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The blind trials (Hendricks et al., In Press ) , included a group 

of Delaware River fish for comparison. If we exclude Delaware 

River fish, which would not be expected to enter the trap, a total 

of 2. 4% of the hatchery fish were classified incorrectly (Eh = 

0.0240) while 17.7% of the wild fish were classified incorrectly. 

If we include the 1.3% of the wild fish on which we disagreed, the 

error rate for wild fish is 19.0% (E~ =0.190 ) . 

A Chi-square Test of Independence (Ott, 1973) was used to test 

the pound net and Conowingo Lift samples to determine if the 

frequencies of wild and hatchery fish col l ected in those samples 

were the same. 

Results and Discussion 

A total of 135 shad was sacrificed from the lift catch at 

Conowingo Dam in 1993. For 11 of those, otoliths were broken, not 

extracted, or had unreadable grinds, leaving 124 readable otoliths 

(Table 1 ) . A total of 21 (17%) otoliths exhibited wild 

microstructure a nd no tetracycline mark. A total of 83% of the 

specimens were identified as hatchery in origin. Four otolith s 

(3%) had hatchery microstructure and no tetracycline mark. Ninety­

six otoliths (77%) exhibited tetracycline marks including single, 

double, triple and quadruple immersion marks. One otolith (1%) 

exhibited a single, day 5 mark and wild microstructure, indicating 

rapid growth in the hatchery. Two specimens (2%) exhibited feed 

marks , applied as pond-reared fingerl ings . One of the specimens 

exhibited a triple feed mark but did not exhibit an immersion mark 
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due to auto-fluorescence. The ocher feed marked specimen exhibited 

a single feed mark and immersion marks at 12 and 19d of age . The 

nucleus of this otolith appears to be ground out leading us to 

conclude that this fish was marked at 5, 12, and 19d of age, with 

the day 5 mark ground out. This fish was apparently from one of 

two groups of fingerlings, released in 1987, which received triple 

immersion marks (5, 12, 19d) and single feed marks : (1) 309 fish 

reared in the rearing pond at Van Dyke and (2) 60,000 fish reared 

in the Canal Pond. 

Random samples of adults have been collected since 1989 and 

the results of the classifications are summarized in Table 2. 

Estimates of hatchery contribution to the adult population entering 

the Conowingo Dam fish lifts during 1989-1993 ranged from 67% to 

83% (Table 2, Figure 1). The percentage of fish with hatchery 

microstructure which also exhibited tetracycline marks was 28% in 

1989, 54% in 1990, 66% in 1991, 90% in 1992, and 97% in 1993. This 

was expected, as unmarked hatchery cohorts constitute a decreasing 

proportion of the population over time. The percentage of fish 

with hatchery microstructure which also exhibit a tetracycline mark 

should reach an asymptote corresponding to mark retention to 

adulthood. We had no reason to believe that marks retained to lOOd 

of age would not be retained to adulthood. Mark retention was 

likely to be more a function of our ability to produce consistently 

good grinds than it was actual loss of the mark. 

Random samples of adult American shad collected at the 

Conowingo Dam Fish Lifts have been sacrificed for otolith analysis 
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since 1989. The contribution of wild fish to this population has 

ranged from 24 to 31% (Tab le 2 ) . This was surprisingly low, 

considering the closure of the Maryland shad fishery since 1980. 

Analysis of otoliths of adult American shad collected in Upper 

Chesapeake Bay pound nets (Table 1 ) suggests that the pound nets 

and fish lifts are sampling different populations. Wild fish 

constituted 52% of the pound net catch and only 17 % of the lift 

catch (Table 1 ) . Based on a Chi-square Test of Independence, we 

concluded that the proportion of wild and hatchery fish was 

dependent upon the collection site (Chi-square= 22 . 8, df =1) and 

therefore the populations at those two sites have different 

cons tituencies. One possible explanation for this is that Upper 

Bay stocks, whether wild or hatchery, do not have a strong urge to 

move upstream and do not enter the lifts with the same frequency as 

do fish which originated upstream . 

Another surprising feature of the results prior to 1993, was 

the low return of hatchery fish released below Conowingo Dam 

(double tetracycline mark ) . Of the 392 marked specimens examined 

during 1989-1992, only 18 (5%) exhibited a double mark, while 374 

( 95%) exhibited marks identifying them as fish released above 

Conowingo Darn. During the period 1984 to 1989, 21 million larvae 

(28% of the total ) were uniquely marked and released below 

Conowingo Dam (Table 3 ) . Consequently, releases below Conowingo 

Darn accounted for 28% of the total larvae released, but only 5% of 

the adults recovered. This could be the result of lower survival 

of larvae released below Conowingo Darn or it could be further 
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evidence that Upper Bay stocks do not have strong urge to move into 

the lifts. 

In 1993, recovery of double marked shad improved dramatically. 

Twenty double marked fish were recovered in the Lift sample, 

representing 16% of the total and 21% of the marked fish (Table 1). 

Three double marked fish were recovered in the pound net samples 

representing 6% of the total and 25% of the marked fish. Thus, the 

catch of double marked shad in 1993 conflicted with similar data 

collected during 1989-1992. While it was clear from the catch 

composition data that the pound nets and fish lifts are fishing 

different populations, the question of the relative survival of 

larvae released below Conwingo Dam was still unresolved . 
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Figure 1. Estimated composition of fish lift catch at 
Conowingo Dam, based on otolith microstructure and 
tetracycline marking, 1989-1993. 
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Table 1. Microstructure classification and tetracycline marking of adult American shad 
collected in the Conowingo Dam Fish Lifts and Susquehanna Flats pound nets, 1993. One 
of every 100 fish collected in each lift was sacrificed. 

Conowingo Dam Susq. Flats 
N % N 

Wild Microstructure, No TC Mark 21 17% 25 

Hatchery No TC Mark* 4 3% 11 
M icrostructu re 

Single TC Mark Day 5 31 ** 25% 4 
Days 5-8 or 5-9 1- 3 
Days 15-18 or 15-19 2 2% 

Double TC Mark Days 5,9 20 16% 1 
Days 9, 13 I 
Days 5-8, 15-18 2 

Triple TC Mark Days 5,9,13 33 27% 2 
Days 3, 13, 17 3 2% 

Quadruple TC Mark Days 5,9, 13, 17 5 4% 

Feed Marks Days 12, 19 + 
single feed mark 1 1% 

Days???+ 
triple feed mark 1 1% 

Total Hatchery 103 83% 23 

Total readable otoliths ~ 1>'? 48 

Unreadable Otoliths*** 11 - -
Total 135 48 

*Includes otoliths in which autofluoresence may obscure mark and poor grinds. 
**Includes one specimen with wild microsructure(fast growth} and tetracycline mark. 
***Includes missing, broken and poorly ground otoliths. 
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Table 2. Composition of the catch of adult American shad at Conowingo dam fish lifts, based on 
microstructure classification and tetracycline marking, 1989-1993. Estimates of population pro-
portions were derived from sample classifications corrected based on error rates from a blind 
classification trial. 

--
1989 1990 1991 1992 1993 

Sample Popu- Sample Popu - Sample Popu- Sample Popu- Sample Popu-
n lation n lation n lat ion n lation n lation - ---

Wild Microstructure: 29 18% 29% 32 26% 31% 68 27% 31% 54 23% 24% 21 17% 17% 
u, 
I 

Microstructure unknown 1 1% 1% 2 2% 2% 0 0% 0% 0 0% 0% 0 0% 0% .i:--
0 

Hatchery Microstructure 
No Tetracycline mark: 94 59% 48% 42 34% 28% 63 25% 21% 19 8% 7% 4 3% 3% 

Tetracycline marked 36 23% 23% 49 39% 39% 122 48% 48% 164 69% 69% 99 80% 80% 

Total Hatchery 130 81% 71% 91 73% 67% 185 73% 69% 183 77% 76% 103 83% 83% 

Total 160 125 253 237 124 
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Table 3. Summary of American shad stocking in the Susquehanna River 
and Upper Chesapeake Bay, 1984-1992. 

Above Conowingo Dam Below Conowingo Dam 
Year Larvae Fingerling Larvae Fingerling 
1984 11,996,000 30,500 
1985 6,228,000 91,300 23,200 * 
1986 9,899,000 61,200 5,171,000 
1987 5,180,000 81,500 4,409,000 
1988 6,451,000 74,000 3,650,000 
1989 13,465,000 63,850 7,652,000 
Total 53,219,000 402,350 20,882,000 23,200 
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SECTION 1 

INTRODUCTION 

Beginning in 1988, the Electric Power Research Institute (EPRI), Metropolitan Edison Company 

(Met-Ed), and the Susquehanna River Anadromous Fish Restoration Committee (SRAFRC) co-funded 

a study of strobe and mercury lights for divening ounnigrating juvenile American shad (Alosa 

sapidissima) at Met-Ed·s York Haven Hydroelectric Project on the Susquehanna River. The objective 

of this study was to determine whether these devices could be used to diven shad away from the plant 

turbines and through an existing trash sluiceway near the downstream-most unit. The results of th.e 

relatively small-scale study in 1988 demonstrated that strobe lights effectively and consistently repelled 

juvenile shad and directed them through the sluiceway. Mercury lights bad no apparent effect on shad. 

Based on the positive results from the 1988 study, a large-scale study was conducted in 1989 with strobe 

lights placed in front of Units 1 through 6. These are the units which are most likely to be operated 

during the fall outmigration of juvenile American shad. The purpose of the 1989 study was to determine 

whether an expanded strobe light system could significantly reduce turbine passage of juvenile shad at 

the York Haven powerhouse. A strobe system was installed in the fall of 1989 and was fully operational 

when the juvenile shad began to migrate downstream in early October. Unfortunately, heavy rains and 

unit outages resulted in high levels of dam spillage. Consequently, most downstream migrants passed 

over the dam, severely limiting the evaluation of the strobe light system. Studies of the strobe light 

system were continued in 1990. However, flow conditions and powerhouse operations were similar to 

those experienced in 1989 resulting in a second year of limited testing. 

Strobe light studies were continued in 1991 when low spill levels and powerhouse operations lead to large 

concentrations of juvenile outmigrants in the station forebay. Sufficient data were obtained t.o 

demonstrate that the strobe light system effectively and repeatedly repelled actively migrating juvenile 

American shad away from the turbine intakes and out the sluiceway (EPRI 1992). Based on net catches 

from the sluiceway and Unit 1 discharges, it was demonstrated that the strobe light system divened about 

94 % of the fish through the sluiceway during light activation periods. 

The proven ability of the strobe light system to repel and guide juvenile shad at York Haven in 1991 

prompted the concerned parties to develop a refined strobe light system that was specifically designed for 

permanent installation. A new strobe light system was developed in 1992 and was designed to be low 
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in cost and could be easily installed and removed on a yearly basis. The modified system was composed 

of new strobe lights specifically designed for underwater applications and modular float assemblies for 

supporting the lights and power converters. Although the equipment functioned as planned, outages of 

units near the sluiceway limited the number of fish that congregated in the area near the sluiceway (i.e., 

where the new strobe light system was installed) . However, the new strobe light system effectively and 

repeatedly repelled and diverted the relatively few fish that were present in the test area. 

The purpose of the 1993 study was to verify the effectiveness of the modified strobe light system under 

more typical plant operating conditions that produce large numbers of outmigrants moving through die 

York Haven forebay and approaching the powerhouse. As in past years, the distribution of fish at the 

York Haven Project would be dependent on environmental conditions and powerhouse operations. 

Additionally, an evaluation of a high-frequency transducer sound system was included in the 1993 study 

plan. In recent years, high-frC'luency sound bas demonstrated an ability to repel juvenile clupeids away 

from water intakes (Dunning et al. 1992; Ross et al. 1993; RMC 1993). The sound system studies were 

jointly funded by Met-Ed and the Pennsylvania Power & Light Company (PP&L). Sound system 

installation and operation was conducted by Sonalysts, Inc. The purpose of the high-frequency sound 

tests was to determine the system's ability to repel juvenile American shad and potentially guide them 

through the sluiceway without increasing turbine passage. Tests were also performed to evaluate the two 

behavioral devices used together to divert fish through the sluiceway and away from the turbine intakes. 
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SECTION 2 

SITE DESCRIPTION 

The York Haven Hydroelectric Project is located on the Susquehanna river at river mile (RM) 52, about 

15 miles south of Harrisburg, Pennsylvania. The project is operated by the Metropolitan Edison 

Company. The plant (i.e., powerhouse, offices, and machine shop) is located on the west bank of me 

river. A dam 8000 ft in length angles downstream from the east bank to the project forebay and 

powerhouse (Figure 2-1). The powerhouse has six Kaplan and fourteen Francis turbines, each with a 

flow capacity of about 800 ds. The station has a generating capacity of 19 .6 MW with an operating bead 

of 23 ft. The forebay and site layout are shown in Figure 2-2. The comer of the forebay between the 

powerhouse and a cableway contains a sluiceway which typically is used to pass downstream any debris 

that bas accumulated on the unit trashracks and in the forebay. 

York Haven is the fourth dam on the river, located upstream of Conowingo (rm 16), Holtwood (rm 23), 

and Safe Harbor (rm 31). A part of an American shad restoration program for the Susquehanna River, 

a fish lift was installed at Conowingo in 1972. Subsequently, adult American shad have been trucked 

from Conowingo and released into areas upstrc;am of the York Haven Project for spawning purposes. 

In addition, hatchery-reared fry have been released into watershed areas upstream of York Haven. 

Returning adult populations have increased from less than 1000 fish in the 1970's to about 27,000 in 

1991. As part of the restoration program, upstream passage facilities for American shad currently are 

being designed for the three projects upstream of Conowingo including York Haven. 

Juvenile American shad usually migrate downstream past the York Haven Project between late September 

and early November, depending on environmental conditions (e.g., water temperature and flow levels). 

River discharge usually is at low levels during the fall outmigration of juvenile shad. Low river 

discharge results in most of the river flow passing through the York Haven powerhouse, typically through 

Units 1 through 10. During periods of low or no dam spillage, juvenile shad congregate in large 

numbers in the project forebay and may be required to pass through the turbines in order to continue 

downstream. 
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SECTION 3 

MATERIAI.S AND METHODS 

Two bebavioraJ fish protection systems were installed and evaJuated for downstream fish protection 

purposes at the York Haven Project in 1993. Prior to the juvenile shad outmigration, a strobe light 

system and a high-frequency sound system were deployed in the forebay of the York Haven Project in 

the vicinity of the lower ten unit intakes and near the sluiceway (located at the junction of the powerhouse 

and cableway). Although both behavioraJ fish deterrent systems are designed to operate alone, and were 

tested as singular systems, they also were tested as a combined-device system. 

3.1 STROBE UGHT 

The strobe light system used during the 1993 study specifically was designed to allow easy installation 

and removal of the system equipment. The deployment configuration of the strobe light system 

(Figure 3-1; Photograph 3-1) was selected to effectively repel fish away from the intakes of Units 1 and 

2 and divert them through the sluiceway. The forebay area in the vicinity of the downstream most units 

was targeted because observations from previous studies conducted at York Haven have demonstrated that 

juvenile shad congregate in this area when these units are operating (EPRI 1992). 

The strobe light system tested in 1993 was composed of eight strobe lights, eight power converters, four 

fiberglass float modules, and a three conductor, 12 gauge underwater armor-shielded buoy interface cable. 

Two strobe lights and two power converters are mounted on each of the four floats and all are connected 

to a power source located in the powerhouse by the interface cable. The strobe light and float module 

designs are presented in Figure 3-2 and Photograph 3-2. The electrically interconnected float modules 

were anchored in a curved array from about 10 ft off the Unit 2 trasbrack to the cableway about SO ft 

upstream of the sluiceway. 

The strobe light flasbheads consist of flash tubes packaged in glass-sealed units, similar in size and 

construction to a standard automobile sealed-beam headlight. Each flash bead is about 9 inches in 

diameter with a weight of about 8.5 lb. The eight strobe lights were synchronized from a 115-V, 60-Hz 

power source and pulsed at a fixed rate of 300 flashes per minute (same as flash rates used during all 

previous studies conducted at York Haven). All strobe light equipment (lights and power converters) 

were supplied and manufactured by Flash Technology, Inc., of Nashua, New Hampshire. 
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Each float module bas two foam-filled buoyancy pods in a pontoon configuration, a galvanized steel pole 

through the center for strobe light mounting, and a water-tight fiberglass cover on top for encasing the 

strobe light power conveners (Figure 3-2). A three-point anchor system was used to moor the four floats 

in fixed position for the duration of the study period. A "quick-<lisconnect" power connecter is located 

on the masthead (i.e., steel pole) of each float for fast and dependable hook-up of the power conveners 

to the power cable. The strobe lights were mounted on the steel poles which are suspended through the 

center of the float. Each pole supported two lights that were located at depths of 3 and 9 ft below the 

water surface when the floats were deployed. A complete float module assembly weighs about 500 lb. 

Two people using a standard hoist-operated buoy tender can install an array of four floats in 

approximately 1 day. The current strobe light system design was developed from field experience and 

observations made during the previous studies conducted at York haven. The current system is intended 

to be an effective downstream fish protection system that is easy to install and maintain and that will 

operate reliably at a relatively low overall cost. 

3.2 IDGB-FREQUENCY SOUND 

A FisbStartle™ system.was used to produce the high-frequency sounds to repel fish at York Haven. The 

FishStartJen& system was developed and patented by Sonalysts, Inc, of Waterford Connecticut. 

Deployment and operation of the FishStartle™ equipment was conducted by Sonalysts personnel with the 

aid of Stone & Webster staff. The FisbStartJeTM system was installed on a wooden raft that was 

specifically constructed for the sound evaluation. All of the FishStartle™ hardware (with the exception 

of the transducers) were placed inside a weather proof enclosure on the raft. Two narrow-beam and one 

wide-beam transducers were mounted on a steel frame that was attached to the raft. Two narrow-beam 

transducers and one wide-beam transducer were added to the system after the first two nights of testing 

were completed. The additional narrow-beam transducers were mounted on light floats 11 and #2 (the 

two floats closest to the cableway) and the wide-beam was used either on light float #2 or placed on a 

boat positioned against the powerhouse trashracks upstream of the raft. 

The sound raft was tied to two anchors placed in the forebay. By manipulating the anchor ropes, the raft 

could be moved upstream and downstream of the anchor positions, as well as at varying distances from 

the trashracks. During testing, the raft was placed at several different locations between Unit 10 ud 

Unit 4 (Figure 3-3). Also, the raft was placed either flush against the trashracks or about 8 to 10 ft 

away. The number and type of transducers, as well as location of the raft and the boat-mounted 

transducer, varied considerably among the tests that were conducted (see Figure 3-3 for gener.al 
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locations). The sound system configuration that was used for each test was determined by Sonalysts 

persoMel. The sound frequencies and pressure levels also varied among tests. 

Because FishStartle™ is a patented technology, many of the system components (hardware or computer 

software) and parameters (frequencies and sound pressure levels) are considered proprietary in namre by 

Sonalysts. Additional information regarding the sound system setup and configuration is provided in an 

appended report prepared by Sonalysts (Appendix A). 

3.3 SCANNING SONAR 

Two scanning sonar systems, a WESMAR Model HD600FM and a Model SS390, were used to monitor 

fish behavior and response to the strobe lights and bigh-freque.ncy sound. The HD600FM sonar system 

included a sonar control console, a transducer and preamplifier with connecting cables, a time lapse video 

recorder, a color video monitor, and a power supply. The HD600FM sonar control console and video 

equipment were placed in a wooden enclosure located in the cableway and similar equipment for the 

SS390 were placed on the sound barge. The HD600FM transducer and preamplifier were mounted on 

a small float placed in the forebay and the SS390 transducer was mounted on a wood plank extending off 

the sound barge. 

The HD600FM sonar transducer float was located between, and slightly upstream of strobe light floats 

12 and #3. This position allowed fish movement within the forebay area affected by the behavioral 

devices to be monitored. Also, depending on the sonar system settings (e.g., range), this location 

optimiud sonar monitoring of the fish target areas immediately in front of the sluiceway along the 

trashracks. Additionally, fish response could be effectively recorded at the preferred 50-foot sonar range. 

The SS390 sonar system was deployed on the sound raft to provide additional coverage of forebay areas 

that were within the range of the sound system. The SS390 typically was set to scan at a range of either 

50 or 100 ft. 

The range, gain, and transducer angle settings were selected to achieve maximum detection and coverage 

of fish schools moving through the study area both during tests and under ambient conditions. The sonar 

systems were calibrated several times (prior to, during, and upon completion of the study) with fixed 

mechanical targets that had known acoustical back-scattering characteristics. During a test, the 

HD600FM sonar was set to scan a sector of the water column in the area between the strobe light array 

and the sluiceway. During sound or combined~evice tests, the sonar may have been set to scan larger 
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areas of the forebay depending on the location of sound system transducers (i.e., sector scan was set to 

cover all forebay areas ensonified by the sound system). Generally, the sampling rate for sonar data 

recording was maximized by selecting the smallest possible scanning area. Data were recorded from the 

sonar systems in VHS format by time lapse VCR's . 

3.4 AUTOMATED SYSTEM CONTROL 

In addition to monitoring fish movement during ambient and test conditions, the HD600FM sonar system 

was evaluated as pan of a fully automatic, closed loop control system which would not require plant 

personnel to operate. The bean of the detection and sequence control for bypassing downstream 

migrating fish is incorporated into the HD600FM sonar. The sonar control console bas a •joy stick• for 

positioning two cursors on the monitor screen that ere.ate a rectangular shaped box (i.e., fish target zone). 

These cursors can be pre-adjusted to define the size of the desired fish target zone at any scanning range. 

Once the target zone boundaries are selected, fish that enter the zone from any direction increment a 

counter. The system operator can preselect a •fish count" threshold level. When fish abundance in the 

target zone exceeds the preset level, a relay closure signal is transmitted to the main control sequencer. 

To assure that a fish biomass that is detected is reasonably accurate, and that the mass of fish are in die 

proper position for being pulsed through the sluicegate by the strobe lights, consecutive scan rates can 

be averaged over a period of time before the command signal is transmitted. This command can begin 

a sequence of opening the sluiceway bypass gate, turning on the strobe lights, shutting off the lights, and 

closing the gate on a fully automatic, controlled basis. System operation data can be placed on 

spreadsheets showing the time and date of gate bypass opening, a relative estimate of the quantity of fish 

passed, and total fish bypassed over time. To evaluate the ability of the sonar system to detect various 

levels of fish abundance, several fish target zone sizes and fish counter levels were evaluated during the 

testing of the behavioral devices . 

3.5 TAILRACE AND SLUICEWAY NEl"l'ING 

Visual observations of fish response to the strobe lights in the previous studies indicated that juvenile shad 

form a tight school and quickly pass through the sluiceway when the strobe lights are activated. It is 

possible that some fish , particularly fish that are deeper in the water column and cannot be detected by 

the sonar, are repelled towards and through the trash racks. Attempts were not made in 1988 and 1989 

to quantify the number of fish passing th.rough the turbines during strobe light tests. In 1990, a moveable 

5-50 



trammel net was fabricated and placed at different locations in front of the trash racks to collect fish. 

Results indicated that fish were not passing through the trash racks. However, juvenile shad may not 

have been in a migratory mode at the ti.me these observations were made (EPRI 1992). In 1991, fish 

sampling was conducted with paniaJ-flow nets placed at the Unit 1 draft tube ex.it and the sluiceway 

during testing of the strobe light system. For 1992, it was concluded that the most effective method for 

quantifying turbine and sluiceway fish passage was to continue sampling with partial-flow nets located 

in the tailrace (nets were used to sample Unit 1 and Unit 2 discharge) and sluiceway. 

For the 1993 study, a third tailrace net was added in front of the Unit 10 discharge. The Unit 10 

discharge net sampling was conducted specifically as a pan of the high-frequency sound system 

evaluation. All three tailrace nets were installed similarly and consisted of identical system components 

(Figure 3-4). The sluiceway net was installed immediately downstream of the sluiceway gate and in the 

center of the discharge (Figure 3-5). The tailrace nets and frames were supported from parallel steel 

cables anchored to the powerhouse wall and the bottom of the Unit discharge structure. 

Each net had a 1-m2 opening, measured 4 m in length, and bad 0.5-incb mesh with a 0.2-incb cod mesh 

liner. The sluiceway net was positioned to sample the full depth of the water column passing through 

the sluiceway. About 33 % of the sluiceway flow passed through the net. The tail race nets were 

positioned near the centerline of the unit draft rube exits with the top of the frame just below the water 

surface. Approximately 4 % of the rurbine unit discharge passed through the tailrace net. 

The number of fish that was caught in each net was adjusted for the amount of flow sampled. For the 

sluiceway adjustment, the actual number of fish that was netted was multiplied by 3.3 (i.e., the sluiceway 

net samples about 33 % of the sluiceway flow). For the tailrace nets, the adjusted catch was calculated 

by multiplying the number of fish caught by 25 (i.e., tailrace nets sample approximately 4 % of a unit's 

discharge flow). The adjustment factor for tailrace net catches was confinned in 1991 during three 

releases of dead fish into the Unit 1 intake (EPRI 1992). The rate of recaprure for the three releases were 

3.1, 3.4, and 4.4% with a mean of 3.6%. 

3.6 SUPPLEMENTAL SAMPLING 

In order to document the lighting and hydraulic conditions to which fish are exposed at the York Haven 

Project, supplemental sampling of strobe light intensity, water quality (i.e., turbidity and clarity), and 

water velocities in the station forebay was conducted. Mapping of the I ight field in front of a strobe float 
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was performed on several occasions to assess strobe light penetration. Light mapping was conducted 

under nighttime conditions with the strobes lights operating. The frequency of light mapping was based 

on changing turbidity conditions. Turbidity was monitored quantitatively on a daily basis using a Hach 

ponable turbidity meter (model 2100P) . Additionally, water clarity was assessed on a daily basis using 

a Li-Cor model LI185B photometer and a secchi disk. Water clarity sampling was conducted in front 

of the sluiceway at about the same time each day (usually between 3:30 pm and 5:00 pm). 

Water velocity measurements were recorded along the trasbracks and across the station forebay (along 

transects perpendicular to the powerhouse) with a Swoffer propeller meter. Velocity measurements along 

the front of the trashraclcs were taken at a depth of 3 ft and at a distance of about 2 ft from the 

trashracks. Forebay velocity transects were established opposite the intakes for Units 1 through 3. Watl!:l 

velocities were measured at depths of 3 and 8 ft about every 10 ft along these transects which extended 

from the trashracks across the forebay towards the plant offices (i.e., west bank). Velocity measuremcms 

were repeated periodically to collect data over the range of plant operating conditions that occurred durin& 

the study period. 

3.7 TFSl'ING PROTOCOL AND DATA ANALYSIS 

The evaluation of strobe lights and high-frequency sound consisted of testing the effectiveness of each 

device alone and in combination. The objective of tests with only strobe lights and with a combined­

device system was to determine the effectiveness of the behavioral devices to repel fish from the turbine 

intakes and through the sluiceway. The objectives for sound-only tests were to determine if the high­

frequency sound could elicit an avoidance response from juvenile shad, to assess the sound systam 

effective range, and to evaluate the sound systems ability to repel fish away from the turbine intakes and 

through the sluiceway (see Appendix A for a more detailed description of the objectives for sound systan 

tests). The testing protocol was the same for each device tested alone and the combined-device tests when 

assessing turbine and sluiceway passage. The testing protocol was slightly different for sound tests that 

to evaluate the ability of high-frequency sound to simply repel juvenile shad and to assess the effective 

range of the system. 

Strobe light and combined-device evaluations were comprised of sequential control (behavioral devic:e:s 

not activated) and test periods (behavioral devices activated). Sound tests were conducted with the control 

and test period sequence or by observing and recording the behavioral response of fish after the sound 

system was activated. Tailrace and sluiceway netting were conducted for all tests that were performed 
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t.o evaluate the effectiveness of a device or the combined-device to guide fish through the sluiceway 

without increasing turbine passage. Toe control/test period sequence was conducted in the following 

manner for single device and the combined-device tests : 

Si0&Je Device Tests 

Control. Strobe light (2-minute duration) or sound (3-minute duration) control period sequence: 
tailrace net(s) lowered and sluiceway net deployed; sluiceway gate open; 2 or 3 minutes 
later sluiceway gate closed; tailrace net(s) raised and sluiceway net retreived; captured 
fish from all nets identified and counted. 

Strobe light (2-minute duration) or sound (3-minute duration) test period sequence: 
tailrace net(s) lowered and sluiceway net deployed; sluiceway gate open and strobe lights 
or sound activated; 2 or 3 minutes later sluiceway gate closed and strobe light/sound 
deactivated; tailrace net(s) raised and sluiceway net retreived; captured fish from all nets 
identified and counted. 

Combined-Device Tests 

Control. 

!§1. 

or 

3-minute control period sequence: tailrace net(s) lowered and sluiceway net deployed; 
sluiceway gate open; 3 minutes later sluiceway gate closed; tailrace net(s) raised and 
sluiceway net retreived; captured fish from all nets identified and counted. 

(a) 3-minute test period sequence: tailrace net(s) lowered and sluiceway net deployed; 
sluiceway gate opened; sound activated; 1 minute later lights activated; 2 minutes 
later both devices deactivated; sluiceway gate closed; tailrace net(s) raised and 
sluiceway net retreived; captured fish from all nets identified and counted. 

(b) 3-minute test period sequence: tailrace net(s) lowered and sluiceway net deployed; 
sluiceway gate opened; sound activated; 1 minute later sound deactivated and strobe 
lights activated; 2 minutes later sluiceway gate closed and strobe lights deactivated; 
tailrace net(s) raised and sluiceway net retreived; captured fish- from all nets 
identified and counted. 

Ambient netting periods were conducted in the tailrace each night to determine turbine passage of juvenile 

shad under ambient conditions (i.e., no behavioral device or sluiceway gate operation). Ambient net sets 

generally were performed prior to the first behavioral test conducted each night and between tests 

conducted during an evening. Ambient net sets typically were performed for 0.5- or 1-hr periods. For 

each test and ambient netting period, all fish were identified to species or family (all clupeids were 

identified to species). Live fish were immediately rerurned to the river downstream of the powerhouse. 

Netting monalities were disposed of in a sanitary and approved manner. 
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Testing usual ly began around dusk wh ich corresponded to the typical arrival time of juvenile shad at the 

York Haven Project during the outrrugration. Toe testing schedule for each night was not fixed and often 

was modified based on observations of fish behaviors and abundance throughout a night. However, 

strobe light tests were given the highest priority followed by high-frequency sound and combined-device 

tests. Ambient netting also was conducted on a flexible schedule based on juvenile shad abundance and 

unit operation schedules. 

Behavioral device effectiveness was determined by comparing net catches from the tailrace and sluiceway 

during test periods. Net catches during control periods were used to verify that very few juvenile shad 

pass through the sluiceway under normal conditions (i.e. , behavioral devices not operating). The 

effectiveness of behavioral barriers evaluated at York Haven is solely dependent on their ability to guide 

downstream migrants through the sluiceway without considerably increasing turbine passage. However, 

it should be noted that the evaluation of the sound system was preliminary in nature and the results may 

not be representative of a full-scale system specifically designed to guide fish through the sluiceway 

without increasing turbine passage. Such a full-scale system cannot be developed without preliminary 

tests that provide the necessary information on to the influence of fish behavior, local hydraulic 

conditions, and site layout on behavioral device effectiveness. 

For strobe light tests, light mapping, water clarity, and water velocity data also were examined to identify 

trends in the observed results . All of these factors are expected to contribute to the distribution and 

behavior of fish at York Haven, especially during test periods when the strobe lights are activated. If 

the influence of water clarity and velocity on strobe light effectiveness can be determined for a wide range 

of environmental conditions and powerhouse operation scenarios (i.e., which units are on and off line and 

bow much flow is passing through the plant and over the dam), the strobe light system may be modified 

for increased effectiveness over the same range of conditions . 
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SECTION 4 

~TS 

A total of 40 tests was conducted with strobe lights only (8 tests), high-frequency sound only (17 tests), 

and combined strobe light and sound (15 tests). Behavioral device testing was conducted between 

October 25 and November 4 . Two preliminary strobe light tests also were conducted on October 22 and 

one on October 23. These three tests were performed to assure that the strobe lights, the sonar system, 

and the tailrace and sluiceway nets were all operating as designed and is not included in the total of 40 

tests. Therefore, netting data from these tests are not included in the evaluation of the strobe light 

system. Detailed summary tables of all fish (i.e., for each species that was captured) that were caught 

during each test at each net location are presented in Appendix B. 

The number of tests and testing scenarios varied from night to night based on relative fish abundance and 

the priority of testing (i.e., strobe lights, high-frequency sound, and the combined device system). When 

both devices and/or the combined system were tested on the same night, strobe light tests typically were 

conducted at the beg~g of the evening followed by sound and/or combined-device tests. However, 

on two nights, only sound was tested and on one night only the combined system was tested. Also, 

strobe light tests were conducted on 5 of the 11 test nights, whereas sound and the combined-device tests 

were performed on ten and seven nights, respectively. Ambient netting was conducted each test night. 

The schedule for ambient netting varied among the three units depending on test objectives, relative fish 

abundance, and whether or not a unit was operating. 

4.1 STROBE LIGHT TESTS 

A total of eight strobe light tests was conducted during five nights. The actual and adjusted catch for 

each location and for all tests combined are presented in Table 4-1. The mean adjusted catch of juvenile 

shad during test periods (i.e. , strobe lights activated) was 139 fish in the sluiceway net, 137 in the Unit 

I tailrace net, and 100 in the Unit 2 tailrace net. During control periods, the mean adjusted cat.ch was 

15 juvenile shad for the sluiceway net and O for both the Unit 1 and 2 tailrace nets (no juvenile shad were 

caught in the tailrace nets during any of the control periods for strobe light tests). There was 

considerable variation in the number of fish caught among test periods . The adjusted number of juvenile 

shad caught in the Unit 1, Unit 2, and sluiceway nets ranged from O to 550 , 0 to 300, and 26 to 449, 

respectively. Juvenile shad were capru.red in the Unit 2 net during only two of the four tests that included 
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netting of the Unit 2 discharge. Also, the two highest juvenile shad net catches for Units 1 and 2 

occurred during the same two test periods indicating that there may have been similar hydraulic and/or 

environmental conditions that led to high rurbine passage. A more detailed discussion of local water 

velocities and water clarity and their influence on test results is presented in the next section. 

Turbine passage of juvenile shad exceeded sluiceway passage only once during the eight test periods; once 

when netting was conducted for both Unit 1 and 2 and once when only the Unit 1 discharge was neued. 

The percentage of the total catch (i.e. , shad catch from a]J locations combined) that was netted in the 

sluiceway during test periods ranged from 4 to 100%. When a11 tests are combined, the percentage of 

the total catch that was netted in the sluiceway is 43%. However, if the test that wa.s conducted on 

October 28 is deleted from the calculation this percentage changes to 62 % . If the net catch from the test 

performed on October 26 a1so is deleted from the total catch, then the percentage of the total shad caught 

that wa.s netted in the sluiceway is 73 % . Although the results from any of the tests should not be 

ignored, the preceding calculations demonstrate the influence that the catch from these two test periods 

bad on the overa11 results . 

Similar to past years, minima] to no turbine passage of juvenile shad was observed during control periods 

of strobe light testing. Sluiceway passage also was minimal during e-0ntrol periods compared to strobe 

light activation periods. It is evident that turbine passage is not increased when the sluiceway is opened 

under ambient conditions and that fish do not readily pass out the sluiceway in the absence of strobe light. 

Because turbine passage during test periods was high compared to past years, two tests were conducted 

to evaluate the influence of the lights on fish passage by activating two lights at time. Two separate tests 

were performed; one test with only the strobe lights on floats #1 and #2 activated and the other test with 

only the strobe lights on floats #3 and #4 activated. Strobe light floats 11 and 12 are positioned opposite 

the trashracks with the light beams directed at a slight angle towards the sluiceway. Light floats #3 and 

14 are positioned closer to the trashracks with the light beams directed straight at the sluiceway. The 

adjusted number of juvenile shad caught for the test with the strobe lights on floats #1 and #2 was 40 fish 

in the sluiceway and O in the tailrace. For the second test, the adjusted catch was 26 shad in the 

sluiceway and 25 in the tailrace. Based on these catch numbers (from two tests), it appears that the 

strobe lights on floats #3 and #4 have a greater effect on the number of fish that pass through the turbines 

than do the strobe lights on floats #1 and #2. 
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4.2 ffiGH-FREQUENCY SOUND TESTS 

A total of 17 high-frequency sound tests was performed with the FishStartle™ system over the 11 days 

of testing. Because this was the first year that high-frequency sound has been tested at York Haven, 

several different system configurations (i.e. , transducer locations, numbers, and types} were evaluated 

for their ability to elicit an avoidance response from juvenile shad, as well as to guide fish through the 

sluiceway without considerable increases in turbine passage. A summary of the results of the sound tests 

is provided below. A complete report was prepared by Sonalysts specifically for the high-frequency 

sound testing and is presented in Appendix A. 

To assess the response of juvenile American shad to high-frequency sound, several tests were conducted 

with only sound activation (i.e., no netting of passage routes and sluiceway gate closed) . The reaction 

of fish to the sound system was monitored with the HD600FM sonar and recorded on videotape. Three 

different sound system configurations were evaluated during these tests (.Table 4-2) and each demonstrated 

the ability to repel juvenile shad downstream along the trashracks and towards the sluiceway. As fish 

approached the sluiceway, they appeared to sound or turn and move upstream away from the trashracb. 

For tests that incorporated netting, the actual and adjusted catch of juvenile shad for each net location and 

for all tests combined are presented in Table 4-3. A total of nine different sound system configurations 

were used. The number of tests and the adjusted number of juvenile shad that were caught during test 

periods conducted with each configuration are reported in Table 4-4. The configurations generally 

differed in the number, location, and/or types of transducers used. Because the system configurations 

that were tested varied from night to night and often were not replicated, the netting data cannot be 

averaged or combined without accepting the potential for significant bias or error that could result from 

differences in effectiveness among the configurations. However, the percentage of netted fish that passed 

through the sluiceway and the turbines can be examined and compared among the configurations that were 

tested. Based on the effectiveness of each configuration, hypotheses can be developed with respect to 

a sound system design that would maximize fish passage through the sluice and minimize passage through 

turbines. 

The adjusted number of juvenile shad that were caught during test periods ranged from O to 89 in the 

sluiceway, 0 to 200 in the Unit 1 discharge net, 0 to 475 in the Unit 2 net, and O to 25 in the Unit 10 

net. The percentage of the total adjusted catch that was netted in the sluiceway during test periods varied 

considerably, ranging from 6 .4 to 100% . Although Un.it JO netting was conducted during 5 of the 17 
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sound tests, the catch data from this unit are not considered representative of turbine passage during 

periods of sound activation because the transducers that were used for these tests were located and 

directed downstream of Unit 10 for all but one test conducted on October 25. AJso, Unit 2 was brought 

-0ffline on October 29 for scheduled maintenance and remained offline for the duration of the study. 

Additionally, Unit 1 was operated at 50% or less gate openings from October 30 through the remainder 

of the study due to mechanical problems. Without these units operating at full load, turbine passage 

cannot be accurately estimat.ed for behavioral device tests (i.e., netting ability is severely reduced due to 

reduced or no discharge). Due to the shutdown of Unit 2 and the low gate openings for Unit 1, netting 

was not conducted for these two units during tests conducted November 2, 3, and 4. Although it is 

evident that the sound system pushed more fish through the sluiceway during the test periods than during 

the control periods on these dates, its ability to do this without increasing turbine passage is unknown. 

Tests that were conducted when both Units 1 and 2 were operating at full generation also demomt::nded 

that the sound system could move fish through the sluiceway but passage through the turbines was 

increased as well. During three of the six tests with netting of the Unit 1 and 2 discharge, more juwnile 

shad were captured in the tailrace (both nets combined) than in the sluiceway net based on the adjusted , 

c:atch numbers. 

4.3 COMBINED-DEVICE T.ESTS 

A total of fifteen combined-device tests was performed during seven nights of testibg. Three differall 

sound system configurations and two sequences of behavioral device operation were used for combined­

device tests (fable 4-5). Comparing the adjusted numbers of juvenile shad caught in the sluiceway net 

during test periods (18,091 fish) and control (112 fish) periods reveals that the combined-device tests 

were very successful in repelling shad through the sluiceway. Also, comparison of the number of 

juvenile shad captured in the sluiceway net (18,091) to the numbers captured in the Unit 1 (2.SO) and 

Unit 2 (100) nets dur:ing combined-device tests demonstrate that few fish were pushed through turbines 

relative to the sluiceway. However, during most of the combined device tests Unit 2 was offline and the 

wicket gates to Unit 1 were only 50% open. 

The adjusted number of juvenile shad caught in the tailrace nets never exceeded the sluiceway catch 

during combined-device tests. The percentage of the total catch of juvenile shad that was netted in the 

sluiceway typically exceeded 97% and was often 100%. However, although the Unit 1 discharge was 

netted on October 31 and November 1, the flow through the turbine was greatly reduced (wicket gates 

were about 50% open) because the unit was experiencing mechanical problems. If Unit 1 was operating 
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at full load , more fish might have passed through the turbine during the behavioral device tests conducted 

on these dates . Also, the combined device teSt that was performed on October 26 did not incorporate 

netting in the tail race, thus it is not known if turbine passage was considerably increased during this test 

or remained at a low level. 

Similar to tests conducted with high-frequency sound alone, several different sound system configurations 

were used during testing of the combined-device (Table 4-2). Unlike the sound tests, multiple replicates 

were conducted for several of the configurations that were used for combined-device tests. Three 

replicates were performed with three of the five configurations and one replicate was performed with each 

of the other two configurations (Table 4-6). Large numbers of juvenile shad were repelled through the 

sluiceway during most tests with the combined-device system with the exception of three tests that were 

conducted on the nights of November 2, 3, and 4 (one test per night). The adjusted number of juvenile 

shad caught in the sluiceway for these three nights combined was 10 fish. It is likely that the 

outmigration of juvenile shad bad peaked on October 31 and November 1 and/or large numbers of fish 

were passing over the dam, resulting in few fish congregating in the forebay on these nights. 

For tests performed on October 26, 27, and 31 and November 2, 3, and 4 the sound was activated for 

1 to 2 minutes prior to activating the strobe lights and both devices were turned off simultaneously. On 

November 1, the sound was turned on for 1 to 2 minutes then turned off immediately before activation 

of the strobe lights . The difference in the testing protocols may have been responsible for the large 

numbers of juvenile shad caught in the sluiceway net on November 1 compared to the numbers of fish 

caught on the other nights that combined-device testing was performed, but the abundance of juvenile 

shad in the forebay varied from night to night and may have peaked on November 1. 

4.4 AMBIENT NEl'IING 

Ambient netting of Units 1, 2, and 10 occurred between October 23 and November 4. Because of unit 

outages, data were not collected for all units on all nights. A summary of ambient net collection data for 

each tailrace location is presented in Table 4-7. The adjusted number of shad captured in tailrace nets 

varied from Oto 1,100 shad per hour, although only once (Unit 10 on Nov. 1) did the capture rate exceed 

250 juvenile shad per hour. If the netting data from the ambient period that exceeded 250 fish per hour 

are excluded from the calculation of the hourly rate for all ambient periods combined, the number of fish 

netted per hour is reduced from 82.4 to 17.6 for Unit 10 and the hourly rate for all units combined is 

reduced from 51.1 to 26. 1 fish per hour. Even with the exclusion of the one test that the hourly rate 
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exceeded 250 fish, the Unit 10 net had the highest hourly capture rate for all ambient periods combined. 

4.S AUTOMATED CONTROL SYSTEM 

The automated control system was only partially investigated due to limited time during the testing 

period. The manipulation of the sonar fish detection box and the triggering of the relay switch functioned 

as designed. Since the ability to select a threshold value and detect a certain biomass of fish that would 

exceed the threshold value, thereby triggering the relay closure, is the bean of the system, it was 

determined that an automated system is feasible for the York Haven site. The remaining components of 

an automated .control system would consist of a series of electrical timers and connections to the 

motorized gate hoist, warning lights and sirens, etc. In addition, the detection values of fish biomass 

within the detection box are displayed on the sonar image for each rastor sweep and recorded on the VCR. 

tape. 

4.6 SUPPLEMENl'AL SAMPLING 

4.6.1 Daily Photometry, Secchi Disc, and Turbidity Mea.suranents 

Daily light penetration measurements were made to document changes in water clarity. The Li-COr 

photometer was used to obtain light penetration information from the surface to depths near the bottom. 

A second measure of light penetration was obtained using a secchi disk, which provided a simple and 

quick assessment of changes in water clarity. Additionally, water turbidity information was obtained as 

a quantitative measure of the amount of suspended material in the water. The photometry data are 

presented in Figure 4-1 . The corresponding seccbi disk and rurbidity readings shown on each graph. 

Generally, water clarity was high with light penetration extending to depths near the bottom of die 

forebay in front of the sluiceway. The greatest seccbi depth was 3.9 m measured on October 29. The 

lowest recorded rurbidity value of 1.82 NTIJ occurred on October 31. 

4.6.2 Strobe Light Mapping 

In order to determine the light penetration of the strobe lights and to map the light field, photometry 

measurements were recorded on several nights. Results of the mapping efforts are shown in Tables 4-Sa 

through e . Strobe light penetration extended fanher through the water than it bad in any of the previous 

years during which strobe light tests were conducted at York Haven. Strobe light penetration reached 
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33 feet from float #4 on October 31 . This is roughly 15 feet further than it bad been recorded in 1992. 

4.6.3 Water Velocities 

Velocity measurements were recorded to assess the flow fields in front of the trash rack as well as along 

three transects that extended across the forebay. The measurements along the trash rack were performed 

on October 26, 27, and November 4 to assess changes in the approach velocities under different plant 

operation regimes (i.e. , units being brought on and offline) . Because of h igh river levels, the plant 

operated throughout the study with all available units operating at full load (usually fifteen units were 

operating each night). 

Water velocities in front of the trashrack are shown in Figure 4-2. As shown, velocities of 2.5 fps are 

fairly uniform along the rack except where units are out and then the velocity drops to around 1.5 fps. 

Velocities along the transects show a similar pattern to previous years where an eddy line extends from 

near the exciter bays out towards the pontoon boats and then towards the comer of the office building 

(Figures 4-3, 4-4, 4-5). Observation of floating debris indicates that a slow upstream flow occurs behind 

the eddy line on the side adjacent to the cableway. Directional measurements obtained with the Swoffer 

meter show the approximate location of flow vectors in surface waters (Figures 4-3, 4-4, 4-S). In 

Figure 4-5, the eddy and an area of low velocity flow is shown extending farther upstream, the result of 

outages of downstream units. 
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Table 4-1 
Data Summary for Strobe Light Tests Conducted at the 

York Haven Hydroelectric Project 

Number of American Shad Amercian Shad Collection 
Test Collected Adjusted for Flow Sameled 

Test Date Condition Sluice Unit 1 Unit 2 Sluice Unit 1 Unit2 

10/26 test 136 13 4 449 325 100 
control 16 0 0 53 0 0 

10 / Z7 test 54 2 0 178 50 0 
control 1 0 0 3 0 0 
test 17 2 0 56 50 0 
control 18 0 0 59 0 0 

Total test 71 4 0 234 100 0 
control 19 0 0 63 0 0 

· 10 /28 test 12 22 12 40 550 300 
control 1 0 0 3 0 0 

10/29 test 8 1 26 25 
control 0 0 0 0 
test 12 0 40 0 
control 0 0 0 0 

Total test 20 1 66 25 
control 0 0 0 0 

10 /31 test 86 2 284 50 
control 1 0 3 0 
test 12 2 40 so 
control 0 0 0 0 

Total test 98 4 323 100 
control 1 0 3 0 

Total test 337 44 16 1112 1100 400 
control 37 0 0 122 0 0 

yrklgt2.wk1 27-Jan-SM 
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Table '4-2 

Testing Configurations of the High-Frequency Sound System Used During Behavioral Device Tests Conducted 
at the Yori( Haven Hydroelectric Project in 1993 

I 

I 
! 

I I . I 
Test Owlce and Objec1iv9 I ConfiguratioM Tested 

~-Fr.quency Soclld 1. Tvr,o narrow-beam (5 and 15 ft deep) and one wide-beam (t t .5 ft deep) on eound bwge 
ObNnleftlt'I N9pe)I .. loc:med at Unit to: an th,...~ ac:1ivmad aimuhaneouaty. 

2. Tvr,o narrow-beam (5 and t 5 ft deep) and one wide-beam (11 .5 ft deep) on 90Und i.rge 
locced at Unit 7; only the deepest narrow-beam trana«*Jcer ~d. 

3. Two narrow-beam (5 and 15 ft deep) and one 'Mde-beam (t t .5 ft deep) on eound i.rge 
located at Unit 9; aJI three transducers activated simullaneously 

High-Fr.quency Sounct t . Two narrow-beam (5 and t 5 ft deep) and one wide-beam (11.5 ft deep} on eound barge 
Obeetve fWI rNponN(dnlnnine paaage route located Id Unit 1 O; aJI three transduoe111 ec1ivmd eimullMeouely. 

2. Two narrow-beam (5 and 15 ft deep) and one wide-beam (11 .5 ft deep) on eound be.rge 
located at Unit 7; all three tranaduc:enl acilvlded 9imunaneou.ly. 

3. Tvr,o narrow-beam (5 and 15 ft deep) and one wide-beam (11.5 ft deep) on eound barge 
located at Unit 4; all three nnsdueenl activated simullaneously. 

4. Two narrow-beam (5 and 15 ft deep) and one wide-beam (11.5 ft deep) on eound barge 

located Id Unit 4; one narrow-beam (8ft deep) on light floe #1 and# 2; flvoetrllnlcblera 
ac:1ivated simultaneously. 

5. Two narrow-beam (5 and 15 ft deep) and one wide-bMm (11.5 ft deep) on tound t.rge 
located Id Unit '4; one narrow-beam (8 ft deep) on Ught floe #1 and ii 2; one wldl-beam 
(8 ft deep) on boat lo<:awd Id Unit 8; wide-bee.In on boat IICtivmed 11m tor one minute, 1heft 
remaining flvoe tranaducera a.ctlvmed simultaneously. 

6. Tvr,o narrow-beam (5 and 15 ft deep) and one wide-beam (11.5 ft deep) on eound barge 
located at Unit 4; one ranow-beem (8ft deep) on light tloct #1 and #2; au abchnlducera 
activated slrnullaneoualy. 

7. Two IWIT'OW-bee.m (5 and 15 ft deep) and one wide-bee.In (11.5 ft deep) on 90Uf'ld barge 

located at Unit 8; all three transducers activated simullaneously. 

8. Two narrow-bee.m (5 and 15 ft deep) on sound t.rge located about 10 ftoff1l'altncks at 
Unit 8; both transducers aciMlted slmuhaneoulsy. 

9. Tvr,o narrow-beam (5 and 15 ft deep) on 110und be.rge located about 8 ft off '1Utncka at Unit ! 
4 ; one natT'Ow-bee.m (8 ft deep) on light float 111 and #2; one 'Mde-beam (8ft deep) on I boat located at Unit 8; all five transducers aclivllted simultaneously. 

High-Frequency Sound and Strobe Ug,ta Combined 1. Two nerrow-bee.m (5 and 15 ft deep) and one wide-beam (11.5 ft deep) on eound i.rge 
Oblefve 1ish rNpo,11Wdnlnnlne paage roY19 located at Unit 7; all three lranSducers activated simultaneously and for entire duration of 

I test. strobe UgNI ac:IN'a%ed one minute after sound 'MS turned on. 

I 2. Two narrow-beam (5 and 15 ft deep) and one wide-beam (11.5 ft deep) on 90Uf'ld barge 

I 
loc:sted at Unit 9; all three transducers activated simultaneously and for entire duration of 1811, 
S1robe ligh!:a aclivllted one minute after 110Und 'MS 1Umed on. 

3. Two IWTOW-beam (5 and 15 ft deep) on sound be.rge located about 10 ftofftrllltvlldta 111 

Unit 8; both tranaduce111 activated simuhaneoulsy and for entire duration of test. a1robe lights 
activmed one minu. after eound 'MS 1Umed on. 

4. Two rwrow-beam (5 and 15 ft deep) on sound i.rge located Id Unit 8; one wide-beam (8 ft I 
deep) on boat located at Unit 12; all three tranaduc:enl ac1Mrted simunan.owly tor one 
minute. then all thrM delletivllted and nobe lip Ktivated. i 

5. Two narrow-beam (5 and 15 ft deep) on sound barge located at Unit 4; one wide-beam (8 ft ' 

deep) on boat located at Unit 8; one MtTow-bee.m (8 ft deep) on light floats #1 and #2; all 
five transducers aciMlted s1mul1aneously for one minU1e, then all three deectivated and nobe j 
lights actiwled. : 

alloonf. IM< 1 27-Jan-94 
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Table 4-3 
Data Summary for High-Frequency Sound Tests Conducted 

at the York Haven Hydroelectric Project in 1993 
(sound sytem configuration for each test is described in Table 4-4) 

Amercian Shad Collection Adjusted 
Test Number of American Shad Collected for Prooortion of Flow Sam12led 

Test Date Condition Sluice unit 1 Unit 2 Unit 10 Sluice Unit 1 LJnit 2 Unit 10 - 10 /25 test 14 8 19 0 -16 200 475 0 
control 1 1 4 0 3 25 100 0 

10 / 26 test 5 5 3 17 125 75 
control 25 0 0 83 0 0 
test , 0 0 3 0 0 
control 0 0 0 0 0 0 

Totals test 6 5 3 20 125 75 
control 25 0 0 83 0 0 

10 / ZT test 2 0 0 7 0 0 
control 2 0 0 7 0 0 

10 / 28 test 7 1 1 23 25 25 
control 0 1 1 0 25 25 
test 13 0 , 43 0 25 
control 0 0 0 0 0 0 

Totals test 20 , 2 66 25 50 --
control 0 1 1 0 25 25 

10 / 29 test 1 0 3 0 - control 0 0 0 0 
test 0 0 0 0 
control 0 0 

Totals test , 0 3 0 - control 0 0 0 0 

10/30 test , 0 3 0 
control 0 0 0 0 

10 / 31 test 12 0 40 0 
control 0 0 0 0 

11 / 2 test 7 0 23 0 - control 1 0 3 0 
test 6 0 20 0 
control 0 0 0 0 

Total test 13 0 43 0 - control 1 0 3 0 

11 / 3 test ZT 0 89 0 
control 0 0 0 0 
test 11 1 36 25 
control 0 0 0 0 
test 2 7 
control 0 0 

Total test 40 , 132 25 
control 0 0 0 0 

11 / 4 test 4 13 
control 1 3 
test 0 0 
control 0 0 

Total test 4 13 
control 1 3 

Total test 113 14 24 1 373 350 600 25 
control 30 2 5 0 99 50 125 0 

Yfbnd.wk1 Tl-..,..... 
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Tabfe ,_, 
Tnllng Conflgurallon summary for High-Frequency Sound Tnt1 Concklcled al the Yorll Haven Hydroeleclrfc Protect In 1113 

Numbw of T .... Candlded 

Conllg...tlon Oct25 Oct29 Oct27 Oct28 Ocl29 Oct30 Oct31 Now2 Now3 ,_,, Tolll 

1. Two nanow-beam (Sand 15ftdeep) and one wide-beam (11.5ftdNp) on 1 -- -- -- -- -- -- -- -- -- 1 
•ound baroe located at Unll 10; aft llvN lnllllducen ac!Mlted aim~. 

2. Two nanow-beam (5 and 15 ft deep) and one wide- beam (11.5 ft dNp) on -- 1 -- -- -- -- -- -- -- -- 1 
eound barge located at Unit 7; all llvN lnlrwducen ac11vated llrrdtaneotaly. 

3. Two nanow-beam (Sand 15 ft deep) and one wlde-beem (11.5ft dNp) on -- 1 1 -- -- -- -- -- -- -- 2 
IOUnd baroe localed al Unit 4; all lhrN lrllllduce,a ac!Mlted 1ln11Ataneotaly. 

4. Two narrow-beam (5 and 15 ft deep) and 0111 wide-beam (11.5 ft deep) on -- -- -- 2 -- -- -- -- -- -- 2 
IOUnd baroe located at Unit 4; one nanow-beem (8 ft deep) on light float II 1 
and II 2; 1t,,e lnlrwducat1 actMlted llmullaneously. 

5. Two narrow-beam (51nd 15ftdeep) and onewlde-beem (11.5ft d"P) on -- -- -- -- 1 -- -- -- -- -- 1 
1ound baroe located 11 Unll 4; one narrow-beam (8 ft deep) on light float #1 
ind II 2; one wide-beam (8 ft dNp) on boat located at Unit 8; wide-beam on 
boat actlllllted fnt lor one mlrue, then rllllllllr*,g ti.. lraneducere 1ctlllllted 
1lrmA!aneotaly. 

6. Two narrow-beam (5 ind 15 ft deep) and one wide-beam (11.5 ft deep) on -- -- -- -- 1 -- -- -- -- -- 1 
eound beroe located 1t Unit 4; one narrow-beam (II ft deep) on tight float II 1 
and ,2; all •bt lrl~ 1ctlllll.ted 1lmultaneoualy. 

7. Two narrow-beam (5and 15ftdeep) ind one wide-beam (11.5ftdNp) on -- -- -- -- -- 1 -- -- -- -- 1 
sound barge located 1t Unit 8; all llvN lrarwd_.. actMlted llmw!aneouely. 

8. Two narrow-beam (5and 15 ft deep) on aoundbl,ve located a~ 10 ft off -- -- -- -- -- -- 1 -- -- -- 1 
traalvackll at Uni 8; boeh lrafllducerl activated llmtA!a,-by. 

9. Two nanow-beam (5and 15 ft deep) on aound ba,ve located 8bOIA II ft off -- -- -- -- -- -- -- 2 3 2 7 
tr11hrackllat Uni 4; one narTow-beam (II ftdNp) onllght lk* 1#1 and 112; 
one wide-beam (II ft dNp) on boat located 1t Uni II; all tt.. lralllducera 
aclMlled 1lmuflllneowly. 

Tolllls 1 2 1 2 2 1 1 2 3 2 17 

,nr<~""' "•k1 

---~ 
Mjwled Ameriatn Sl-.d C.tch 

Durtng T•I Ptlfloda 

~y Unit 1 Unit 2 
-

48 200 475 

17 125 75 

10 0 0 

86 25 75 

3 0 --

0 0 --

3 0 --

40 0 --

1811 -- --

- - -
373 350 825 

27- Jun !)4 



Table 4-5 
Data Summary for Combined-Device (strobe light and high-frequency sound) 

Tests Conducted at the York Haven Hydroelectric Project in 1993 
(sound system configuration for each test is described in Table 4-6) 

Amercian Shad Collection Adjusted 
Test Number of American Shad Collected for Pro~rtion of Flow SamQled 

Test Date Condition Sluice Unit 1 Unit2 Unit 10 Sluice Unit 1 Unit2 Unit 10 

10 / 26 test 404 1333 
control 0 0 

10 / 27 test 73 5 4 241 125 100 
control 0 0 0 0 0 0 

10/ 31 test 305 3 0 1007 75 0 
control 0 0 1 0 0 25 
test 1040 1 3432 25 
control 1 0 3 0 
test 275 1 908 25 
control 0 0 0 0 

Totals test 1620 5 0 5346 125 0 
control 1 0 1 3 0 25 

11 / 1 test 1049 0 0 3462 0 0 
control 0 0 0 0 0 0 
test 302 0 0 997 0 0 
control 1 0 0 3 0 0 
test 642 0 0 2119 0 0 
control 19 1 0 63 25 0 
test 641 0 0 2115 0 0 
control 5 1 0 17 25 0 
test 502 0 1 1657 0 25 
control 5 0 0 17 0 0 
test 101 0 0 333 0 0 
control 0 0 0 0 0 0 
test 145 0 0 479 0 0 
control 0 0 0 0 0 0 

Total test 3382 0 1 11161 0 25 
control 30 2 0 99 50 0 

11 / 2 test 3 10 
control 3 10 

11 / 3 test 0 0 0 0 
control 0 0 0 0 

11 / 4 test 0 0 
control 0 0 

Total test 5482 10 4 1 18091 250 100 25 
control 34 2 0 1 112 so 0 25 

yitccomb.v.4< 1 27-Jan-94 
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T•bt• 4-8 
Teatlng configuration aumm•ry for combtned- devlce (strobe tight •nd high-frequency aound) tHta conducted at York H•ven Hydroalectrfc ProJect In 1993 

Atflueted American Shad Catch 

Number of r .. , .• Conducted During Teat Period• 
-

Contlgu,.tlon Oct29 Oct27 Oct 31 Nov 1 Nov2 Nov3 Nov4 Total Siu leeway Unit I Unit 2 

1. Two narrow- beam (5 and 15 ft deep) and one wide- beam (11 .5 ft deep) on 1 -- -- -- -- -- -- 1 1333 -- --
10Und barge located at Unit 7; al thrN traneducer9 aof'lated almultaneoualy 
and for entire dura11on of teet, 1trobe Nghta activated one minute after sound 
wa1 tumed on. 

2. Two nanow-beam (5 and 15 ft deep) and one wlde- beem (11 .5 ft deep) on -- 1 -- -- -- -- -- 1 241 125 100 

10Und berge located at Unit 9; all three tran1ducere aotlYated llmultaneoualy 
and for entire duration of Int, e1robe lghta activated one minute after eound 
wae tumed on. 

3. Two narrow-beam (5 and 15 ft deep) on eound berge located about 10 ft off - - -- 3 -- - - -- -- 3 5348 125 --
traahrecka at Unit 8; both tran1ducere ac1lvllled 1lmulllneouley and for entire 
duration of tnt, atrobe llghta activated one minute after eound wa1 turned 
on . 

4. Two narrow- beam (5 and 15 ft deep) on eound berge located at Unit 8; one -- -- -- 7 -- -- -- 7 11 181 0 --
wfde- beem (8 ft deep) on boat located at Unit 12; all three tran1ducere 
activated 1lmul1aneoualy f« one minute, then all three deactivated and atrobe 
llghta activated. 

5. Two narrow- beam (5 and 15 ft deep) on eound barge located at Unit 4; one -- -- - - -- 1 1 1 3 10 - - --
wide- beam (8 ft deep) on boat located at Unit 8; one narrow- beem (8 ft deep) 
on llght floeta I 1 and 12; an five tranaducere actlllliled llmultaneoualy for one 
minute, then an three deactivated and etrobe lghta activated. 

Totala 1 1 3 7 t 1 1 115 18091 250 100 I 

corr""~- '.Y.4< I ?7 - Jon -94 



Table 4-7 
Data Summary for Ta.ilrace Ambient Net Collections Conducted 

at the York Haven Hydroelectric Project in 1993 

Number of American Shad Collected American Shad Collec1ion AdjUl1ed for 
Uni11 Uni12 Unit10 Combined Proportion of Flow Sampled 

Time Time Time Time {1 hr aameJing E!!rio2) 
Date Catch (hr) Catch (hr) Catch (hr) Catch (hr) Unit 1 Unit2 Unit 10 Combined 

10/23 1 1.0 2 1.0 0 1.0 3 3 .0 25 50 0 75 
10/ 23 0 1.0 5 1.0 2 1.0 7 3 .0 0 125 50 175 

10/25 0 1.0 0 1.0 0 1.0 0 3.0 0 0 0 0 

10/2£ 0 1.0 0 1.0 0 1.0 0 3.0 0 0 0 0 

10/26 0 1.0 0 1.0 0 0 
10/26 2 0.5 3 0 .5 0 0.5 5 1.5 50 75 0 125 

10/26 0 0.5 0 0 .5 0 0.5 0 1.5 0 0 0 0 
10/27 0 0 .5 1 0 .5 1 0.5 2 1.5 0 25 25 50 

10/'Z'I 0.5 0 0.5 0 0.5 1.5 25 0 0 25 
10/27 0 1.0 1 1.0 1 2.0 0 25 25 
10/28 0 1.0 10 1.0 0 1.0 10 3.0 0 250 0 250 
10/ 28 0 1.0 1.0 1.0 2 3 .0 0 25 25 50 
10/28 0 0.5 0 .5 1 1.0 0 25 25 

10/29 0 1.0 2 1.0 2 2 .0 0 50 50 
10 / 29 0 0.5 0 0.5 0 0 

10/29 0 0.5 0 0.5 0 1.0 0 0 0 
10/30 0 0 .5 0 0 .5 0 0 

10/ 31 0 1.0 0 1.0 0 2.0 0 0 0 
10/ 31 1 0 .5 1 0.5 25 25 
10/ 31 1 1.0 1.0 2 2.0 25 25 50 
10/31 0 1.0 0 1.0 0 0 

10/ 31 0 0.5 0 0 .5 0 0 

11 / 1 0 1.0 44 1.0 44 2.0 0 1100 1100 
11 / 1 4 0.5 1 0 .5 5 1.0 100 25 125 
11 / 2 4 1.0 4 1.0 100 100 

11 / 3 0 1.0 0 1.0 0 0 

11 / 4 0 1.0 0 1.0 0 0 

Total 10 17.5 24 9.5 56 17.0 90 44.0 250 600 1400 2250 

Fiah I Hour 0 .6 2.5 3.3 2 .0 14.3 63.2 82.4 51.1 

yrlcamb.wlcl 
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Table 4-8a 
Strobe light mapping on 10/29/93 with all lights on. 

Transect is along centerline of strobe float #2 towards sluice gate 

Depth Distance From Strobe Light {ft} 
(ft) 3 6 9 12 15 18 21 

1 2.00 4.00 1.80 1.20 0.72 0.48 0.33 
2 5.00 5.00 1.70 1.20 0.75 0.45 0.30 

Top Light 3 5.50 5.00 2.20 1.30 0.75 0.42 0.30 
4 5.00 3.00 1.90 1.10 0.69 0.39 027 
5 5.00 3.00 1.30 1.00 0.69 0.36 0.24 
6 7.00 2.10 1.20 0.90 0.66 0.36 0.24 
7 6.00 3.00 1.30 0.80 0.54 0.36 0.21 
8 5.00 2.10 1.00 0.70 0.45 0.33 0.18 

Bottom Ug,t 9 4.00 1.70 0.80 0.60 0.39 0.30 0.15 
10 3 .. 00 1.30 0.70 0.50 0.33 0.24 0.15 
11 2.50 1.10 0.50 0.40 027 0.21 0.12 
12 2.00 0.70 0.40 0.30 0.24 0.15 0.12 
13 1.00 0.60 0.30 0.26 0.18 0.12 0.09 
14 0.60 0.50 0.30 0 .. 24 0.15 0.12 0.06 
15 0.30 0.40 0.20 0.21 0.12 0.09 0.06 

Table 4-8b 
Strobe fight mapping on 10/29/93 with floats 1+2 on. 

Transect is along centerline of strobe float 12 towards sluice gate 

Depth Distance From Strobe light {!!} 
(ft) 3 6 9 12 15 18 21 
1 3.70 2.80 1.30 0.75 0.42 0.21 0.12 
2 3.60 1.80 1.10 0.36 0.39 027 0.15 

Top light 3 4.50 2.50 1.40 0.84 0.36 0.21 0.15 
4 4.80 2.00 1.00 0.69 0.36 0.18 0.15 
5 4.50 2.20 0.90 0.66 0.33 0.21 0.12 
6 7.50 2.10 1.10 0.75 0.30 0.18 0.12 
7 5.40 1.90 1.20 0.60 0.30 0.18 0.12 
8 5.40 2.30 1.20 0.42 0.27 0.15 0.12 

Bottom Ug,t 9 4.80 1.80 0.90 0.42 0.24 0.15 0.12 
10 4.20 1.40 0.80 0.36 0.21 0.12 0.09 
11 3.00 1.00 0.60 0.33 0.18 0.12 0.06 
12 1.70 0.90 0.45 0.30 0.15 0.09 0.06 
13 0.90 0.63 0.39 0.21 0.12 0.09 0.06 
14 0.50 0.45 0.27 0.15 0.12 0.06 0.03 
15 0.30 0.36 0.21 0.12 0.09 0.06 0.03 
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Table 4-8c 
Strobe light mapping on 10/30193 with all lights on. 

Transect is along centerline of strobe float,#1 towards the sluice gate 

Depth 
(ft) 

Top Light 3 

Depth 

Distance From Strobe Light Float (f1) 
10 16 22 28 34 40 46 

1.50 0.50 0.30 0.20 0.10 0.00 <0.03 

Table 4-8d 
Strobe light mapping on 10/31/93 with all lights on. 

Transect is along centerline of strobe float #4 towards sluice gate 

Distance From Strobe Light Float (ft) 
(ft) 3 6 9 12 15 18 21 24 

Top Light 3 3.60 3.50 3.40 1.30 0.50 0.20 02 0.1 0.1 

Table 4-Se 
Strobe light mapping on 1112/93 with all lights on. 

Transect is along centerline of strobe float #2 towards sluice gate 

Depth Distance From Strobe Light (ft} 
(ft) 3 6 9 12 15 18 21 24 Zl 
1 3.50 3.20 2.10 0.87 0.27 0.15 0.12 0.09 0.06 
2 3.70 3.50 3.30 1.24 0.24 0.12 0.12 0.06 0.06 

Top Ught 3 3.70 3.60 3 .50 1.30 0.30 0.15 0.12 0.09 0.03 
4 3.60 3.60 3.50 1.10 0.24 0.18 0.12 0.06 0.03 
5 3.50 3.50 2.50 0.90 0.21 0.15 0.09 0.03 . 0.15 
6 3.50 3.40 2.70 0.75 0.21 0.18 0.06 0.03 0.15 
7 3.60 3.50 2.30 0.48 0.18 0.15 0.06 0.03 0.15 
8 3.70 3.60 1.70 0.57 0.15 0.12 0.06 0.15 0.00 

Bottom Lig'lt 9 3.70 2.10 0.90 0.54 0.15 0.09 0.06 0.15 0.00 
10 3.50 1.20 0.54 0.30 0.12 0.09 0.03 0.00 0.00 
11 2.30 1. 10 0.33 0.21 0.09 0.06 <.03 0.00 0.00 
12 1.60 0.54 0.21 0.15 0.06 0.03 0.00 #### 0.00 
13 0.80 0.33 0.15 0.12 0.03 <0.03 0.00 0.00 0.00 
14 0.40 0.24 0.12 0.09 0.03 <0.03 0.00 0.00 0.00 
15 0.20 0.15 0.03 0.06 <0.03 0.00 0.00 0.00 0.00 
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Photometry measurements on 10/28193 at 16:32 

Nol8: MOChi depth • 12 II 
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SECTIONS 

DISCUSSION AND CONCLUSIONS 

Based on the results from the 1993 behavioral device testing, it is evident that strobe lights and high­

frequency sound can repel fish through the sluiceway. Additionally, the combined-device system appears 
to also have the ability to drive juvenile shad through the sluiceway without considerable increases in 

turbine passage. Although more fish passed through the sluiceway than through the turbines (i.e., Units 

1 and 2) during strobe light tests, the difference was not as great as in past years. Several different sound 

system configurations (i.e., number, location, and type of transducers used) were tested, none of which 

demonstrated an overwhelming ability to repel fish through the sluiceway without corresponding increases 

in unit passage. Also, t.ailrace netting data from the two nights that large numbers of juvenile shad were 

repelled through the sluiceway by the combined-device system may not have been sufficient for 

determining the true ratio of sluiceway to unit passage. On both these nights Unit 2 was offline and Unit 

1 was operating with the wicket gates 50% open. 

S.l STROBE UGIITS 

Compared to the results from strobe light tests conducted in 1991 and 1992, the ratio of sluiceway to 

turbine passage during strobe light tests in 1993 was much lower. The interaction between fish behavior 

and plant operations may have contributed to the lower passage ratio observed in 1993. Water velocities 

in the forebay and along the trashracks appear to affect fish distributions at the plant. The distribution 

of water velocities throughout the forebay will be strongly influenced by the combination of unit 

operations and levels of operation. In 1991, the downstream units near the sluiceway were operating at 

full load resulting in considerable accumulations of juvenile shad in the area near Units 1 and 2 and the 

sluiceway. Subsequently, large numbers of juvenile shad were diverted away from the unit intakes and 

through the sluiceway with a strobe light system. In 1992, many of the lower units were not operating 

during the test period which resulted in outmigrants accumulating at the upstream units. The result was 

much lower numbers of shad being repelled through the sluiceway compared to the numbers from 1991. 

However, similar to 1991, the ratio of sluiceway to turbine passage during 1992 tests was very high. 

Hydraulic and environmental factors bad the primary influence over the occurrence, distribution and 

behavior of the shad under both control and test conditions . In most years, shad were observed to arrive 

at York Haven in the last week of September or the first week of October. In 1993, shad did not start 
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arriving at the site until the second week in October and dense schools did not occur until the third week. 

in October. In general, several factors cause the fish to congregate near the downstream end of the 

powerhouse in front of Units 1 through 6: 

I . The orientation of the powerhouse along the axis of the river causes the flow to move in 
a downriver direction almost to the cableway wall; therefore, migrants following the 
flow downriver will move to this area before confronting the physical boundaries of the 
wall and the trash racks; 

2. During the period of migration, river flows tend to be low and Met-Ed operates the 
downstream units preferentially over the upstream units; therefore, Units 1 through 6 are 
the most likely to be operating; such operation further enhances the movement of fish 
to the downstream area; 

3. The rapid acceleration of flow through the trash racks creates velocity conditions that the 
shad clearly avoid; therefore, as they move downstream, they are delayed and accumulate 
in a dense mass; it is possible that background noise from the operating turbines and 
water flow contributes to the observed avoidance. 

The influence of these factors is considered critical to the successful deployment of strobe lights at this 

site. In 1993, more fish were observed along the trashrack in front of Units 7 through 20 because more 

of these Units were in operation than in past years. 

It is concluded that a proper combination of physical and hydraulic conditions must exist in the area of 

a strobe light and bypass system in order to achieve the desired degree of biological effectiveness of this 

behavioral fish protection system with juvenile American shad. 

5.l SOUND 

Studies with sound at York Haven were largely inconclusive because of the frequent changing of 

transducer operation. the low abundance of shad, and the ongoing strobe light tests. The FishStartJeTM 

system did cause an avoidance response in shad which was clearly apparent to distances of 100 feet. In 

addition, the fish moved a great distance and did not became acclimated to the sound. Toe fact that a 

response was observed, coupled with positive research results recently obtained by others with both low 

and high frequency sound, would indicate that sound can be a repelling device. Additional research is 

necessary to determine the feasibility of using sound as part of a directional bypass system. 
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• Although the maximum range of eff ectivcness of the sound device wa., not determined, 
it appeared that the sound was effective at least to a distance of 100 feet. 

• The strong avoidance response indicates good potential for bypassing fish through the 
sluiceway with a refined sound transducer arrangemenL 

Based on results with the light and sound combination it can be concluded that: 

• A third option for effectively bypassing shad at York Haven under a broad ranp of 
environmental and plant operating conditions would combine sound and light devices so 
that fish along the entire length of the trash rack are bypassed through the sluiceway. 

• This combination bas the potential to pass fish even in the presence of poor bydnulic 
conditions. 

Ba.,ed on testing of the automatic control system it can be concluded that: 

• It is clearly feasible to automate the fish passage system to periodically pulse fish out the 
sluiceway in response to their abundance in the forebay. 

SECTION 6 
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JOB VI. POPULATION ASSESSMENT OF AMERICAN SHAD IN THE 

UPPER CHESAPEAKE BAY 

Fisheries Division, Maryland Department of Natural Resources 

301 Marine Academy Drive Stevensville, MD 21116 

INTRODUCTION 

The American shad fishery in Maryland waters of the Chesapeake 

Bay has been closed to s port and commercial fishing since 1980. 

Since then the Maryland Department of Natural Resources (MDNR) has 

monitored the number of adult shad present in the upper Chesapeake 

Bay during the spring spawning season. Besides providing an 

estimate of spawning adults this mark-recapture effort also 

provides length, age, sex, and spawning history information 

concerning this stock. The adult sampling is followed by a 

juvenile recruitment survey designed to assess reproductive 

success. The information obtained through these activities is 

provided to SRAFRC to aid in restoration of American shad to the 

Susquehanna River . 

METHODS AND MATERIALS 

Collection procedures for adult American shad in 1993 were 

nearly identical to those in 1992, the only difference being the 

elimination of the Bohemia River pound net site and the addition of 

the Cara Cove site in the Susquehanna Flats (Figure I). Hook and 

line sampling in the Cono~ingo tailrace continued unchanged from 

the previous year. Tagging procedures and data collection followed 

the methodology established in past years and is described in 

previous SRAFRC reports. 
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Juvenile production in 1993 was again monitored by project 

personnel with only the Snith - Root electro fisher. However, changes 

were made in the 1993 samp ling design. The Susquehanna Flats 

shoreline area was gridded off into 21 separate cells approximately 

2,000 feet long instead of 36 cells as in prior years (Figure II}. 

Based on juvenile shad abundance over the previous four years mean 

catch-per-unit-of-effort (CPUE ) for each of these 21 cells was 

calculated and assigned to either a high or low density strata. 

Each strata was then weighted and, based on the method of optimal 

allocation, six high density and three low density cells were 

randomly selected and sampled weekly. Sampling results from the 

Department's juvenile striped bass survey were also utilized in 

analysis of the reproductive success of American shad in the upper 

Bay during 1993. 

RESULTS 

Pound net tagging for 1993 began on 27 March and continued 

until 13 May while hook and line effort commenced on 5 May and 

ended 26 May. Of the 546 adult American shad captured, 412 (75%} 

were tagged and 120 (22 %) subsequently recaptured (Table 1) . 

Of these 120 recaptures three occurred outside the upper Bay 

system; two fish off the New Jersey coast and one near Kent Island, 

MD. All three fish were downrunners captured by pound nets. The 

120 total does not reflect the 61 multiple recaptures, five 

unverifiable tag numbers, and 5 fish tagged prior to 1993 collected 

by RMC from the two fish lifts. 
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Recapture data for the 1993 s eason is summarized as follows: 

a . 117 fish recaptured by the Conowingo Fish Lift 

(does not include 61 multiple recaptures, 5 pre-1993 

tagged fish, and 5 fish with unverifiable tag numbers) 

o fish recaptured by pound net 

o fish recaptured by hook and line from the tailrace 

3 fish recaptured outside the system 

b . 101 fish recaptured originally caught by hook and line 

19 fish recaptured originally caught by pound net 

c. 98 fish recaptured in the same area as initially tagged 

21 fish recaptured upstream of their initial tagging 

site (includes two recaptures off the New Jersey coast) 

1 fish recaptured downstream of its initial tagging site 

d. shortest period at large: 1 day 

longest period at large: 27 days {1993 fish only) 

mean number days at large : 9.8 

e. number of pre-1993 tagged fish recaptured : 8 

number of 1992 tagged fish recaptured: 7 

number of 1991 tagged fish recaptured : 1 

number of pre-1993 multiple recaptures: 3 
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The population estimate for adult shad in the upper Chesapeake 

Bay for 1993 using the Petersen Index was (7,563 (Table 2) . Since 

all three fish recaptured outside the upper Bay system were post 

spawners no emigration factor was calculated for 1993. The 1993 

estimate represents a 55% decrease from the previous year (Figure 

III ) . However, the overall trend still continues to indicate an 

increasing population for the upper Bay stock (r2 = O. 57, p = 

0.0019). Possible reasons for this decline include poor 

reproduction/larval survival three to six years earlier, continued 

high exploitation, and/or record flood conditions over the entire 

Susquehanna River basin during the spring of 1993. Of note is the 

fact that preliminary results from other east coast states indicate 

that nearly every American shad run along the Atlantic seaboard 

also suffered moderate to sharp declines in 1993. 

Effort, catch, and catch-per-unit-of- effort (CPUE) by gear 

type for adult American shad in the upper Bay during 1993 and 

comparison with previous years is presented in Table 3. Catch per 

angler hour decreased to 5 1/2 fish in 1993 while the catch per 

pound net day for all nets combined increased 68% in 1993 over the 

previous year. 

A total of 447 adult American shad (233 hook and line, 214 

pound net) were examined for physical characteristics by DNR 

biologists in 1993. Of the males examined, 77% were ages IV and V 

with age group IV predominating in both gear types {Table 4). The 

overall incidence of repeat spawning in male shad increased from 

8.2% in 1992 to 14.4% for 1993. Nearly 71% of the 211 female shad 
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examined in 1993 were V and VI year old fish with age group VI 

slightly predominating . As \•:ith their male counterparts, the 

incidence of repeat spa~ning in fe ~ales increased in 1993 with 26 . 1 

% of females being non- virgin recruits as opposed to 9.0% the 

previous year. 

Juvenile Alosa sampling in the upper Bay during 1993 produced 

substantially greater numbers of young-of-the-year American shad 

than the previous year. Supplemental haul seine sampling for the 

Department's juvenile striped bass survey in 1993 captured 36 

young-of- the-year American shad as opposed t o O in 1992. Numbers 

of juvenile shad collected by electrofisher increased to 31 in 

1993, 27 more fish than the previous year . Table 5 provides a 

breakdown by cell and date of the juvenile shad collected by 

electrofishing from the upper Bay during 1993. 
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Table 1 . Number of American shad captured and tagged by 
location and method of capture, upper Chesapeake 
Bay, March-June 1993. 

GEAR TYPE LOCATION CATCH NUMBER TAGGED 

Pound Net Cherry Tree 255 14 1 
Cara Cove 26 18 
Total 281 159 

Hook and Line Conowingo Tailrace 265 253 
Susquehanna River 

Fish Lift Conowingo Tailrace 
Susquehanna River 13,546 

TOTALS 14,092 412 
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Table 2 . Population estimate of adult An erican shad in 
the upper Chesapeake Bay during 1993 using the 
Petersen estimate. 

Chapman's Modification to the Petersen estimate -

N = (C + 1) (M + l) 
R + 1 

For the 19 91 survey -

C = 13,995 
R = 117 
M = 4 oo· 

Therefore -
N = (13,995 + 1) (400 + 1) 

(117 + 1) 

= 47,563 

where N = population estimate 
M = # of fish tagged 
C = # of fish examined 

for tags 
R = # of tagged fish 

recaptured 

From Ricker (1975): Calculation of 95% confidence limits based 
on sampling error using the number of 
recaptures in conjunction with Poisson 
distribution approximation. 

Using Chapman (1951): 

N* = (C + 1) (M + 1) 
~ + 1 where:~= tabular value (Ricker p343) 

Upper N* = (13,995 + 1) ( 4 00 + 1) = 56,904 @ .95 confidence 
97.63 + 1 limits 

Lower N* = (13,995 + 1) (400 + 1) = 39,745 @ .95 confidence 
140.21 + 1 limits 

• M adjusted for 3% tag loss 
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Table 3. Catch, effort, and catch-per - unit- effort (CPUE) for 
adult American shad by hook and line and pound net 
during t he 19 80 - 1993 tagging program in the upper 
Chesapeake Bay . 

YEAR LOCATIO:: Dh\'S TOTAL CATCH PER POUND POP. 
FISHED CATCH NET DAY EST. 

A. Pound Net 

1980 Rocky Pt. 26 50 1. 92 5,531 

1981 Rocky Pt. 38 50 0 . 86 9,357 

1982 Rocky Pt. 27 62 2.29 37,551 

1985 Rocky Pt . 10 30 3.00 14,283 

1988 Rocky Pt. 33 87 2 . 64 
Cherry Tree 41 75 1. 83 
Romney Cr. ti ~ 0.20 
1988 Total 115 17 0 1. 48 38,386 

1989 Rocky Pt . 32 91 2.84 
Cherry Tree 62 295 4.76 
Beaver Dam --11 _ll 1. 27 
1989 Total 1 05 400 3.81 75,820 

1990 Rocky Pt . 38 221 5.82 
Cherry Tree --1.l 178 2.50 
1990 Total 1 09 399 3.66 123,830 

1991 Rocky Pt. 38 251 6.61 
Cherry Tree 56 594 10 . 61 
Bohemia R. 21 209 3.87 
1991 Total 14 8 1,054 7.12 139,862 

1992 Cherry Tree 56 14 7 2.63 
Bohemia R. _i1 __n 0.87 
1992 Total 103 190 1. 80 105,255 

1993 Cherry Tree 48 255 5.31 
Cara Cove ~ 26 0.58 
1993 Total 93 281 3.02 47,563 
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Table 3 I continued. 

YEAR HOliRS TOTAL CPUE POP. 
FISHED CJ...TCH CPAH* HTC** EST. 

B. Hook and Line 

1982 * ** 88 37 , 551 
1 983 *** 11 1 2 ,059 
1984 52.0 126 2 . 42 0 . 41 8 I 07 4 
1985 85 .0 182 2. 14 0.47 1 4,283 
1986 147.5 437 2 . 96 0.34 22, 902 
1987 108.8 399 3 . 67 0 . 27 27, 3 !>4 
1 988 43.0 256 5.95 0 . 17 38 ,386 
1989 42.3 276 6.52 0 . 15 7 5 ,R20 
1990 61. 8 309 5.00 o . 20 12 3,830 
1991 77 . 0 437 5.68 0 . 18 139,862 
1992 62 . 8 383 6.10 0.16 1 05,255 
1993 47 . 6 264 5.55 0. 18 4 7, S63 

* Ca t ch per angler hour 
** Hours t o catch 1 shad 
*** Hours fished not recorded 
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Table 4. catch (N), age composition (%}, number and percent of repeat spawners, and 
mean fork length (mm) and range by sex and age group for adult American 
shad collected by gear type during the 1993 upper Chesapeake Bay operation. 

MALE FEMALE 
AGE GROUP N(%} RPTS. MEAN RANGE N( %) RPTS . ME/\N R/\NGE 

A. Hook & Line 
III 8(3) 0 318 275-344 0 0 

IV 67(29) 0 371 340-420 16(7) 0 397 360 - 415 
V 56(24) 6 416 349-450 27 (17) 1 I\ JO 391-470 

VI 18(8) 9 436 347-457 Jl(lJ) 7 459 428-495 
VII 2 ( 1) 2 471 466-475 8 ( J) 3 483 470-501\ 

VIII 0 0 - - 0 0 
% Repeat Spawners ( \ 11. 3 13. 4 

\ J . 
1 .. 

B. Pound Net 
III 7 (3) 0 333 310-355 0 0 

IV 31(15) 0 370 330-410 8 ( 4) 0 404 375-440 
V 28(13) 6 410 360-455 43(20) 1 425 390-465 

VI 17(8) 10 431 400-4 65 49(23) 21 451 400-510 
VII 2(1) 1 440 - 20(9) 16 473 440-5 30 

VIII 0 0 - - 9(4) 6 493 460 -54 5 
% Repeat Spawners 20.0 34.1 

c. All gears combined 
III 15(3) 0 325 275-355 0 0 

IV 98(22) 0 371 330-420 24 ( 5) 0 399 360-440 
V 84(19) 12 414 349-455 70(16) 2 427 390-470 

VI 3 5 ( 8) 19 434 347-465 80(18) 28 454 400-51 0 
VII 4 ( 1) 3 455 440- 475 28 ( 6) 19 476 440-530 

VIII 0 0 - - 9(2) 6 493 460-545 
% Repeat Spawners 14.4 26.1 
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Table 5. Juvenile American shad captured by date and cell and 
associated catch-per-unit- effort (American shad caught 
per shock hour) during the 1993 upper Chesapeake Bay 
electrofishing survey. No sampling at a particular 
date a nd cell is represented by a blank space. 

SHOCK 
CELL AUGUST SEPTEMBER 
NO. 5 10 18 24 2 8 14 22 

OCTOBER 
14 19 26 

TIME 
CATCH (SEC) CPUE 

1 X 5 1 X 6 2000 10.8 

2 X X X X X 0 2500 o.o 
3 X X l X l X X l 3 4000 2 .7 

4 X X X X 1 l 2500 1.44 

5 X X X 0 1500 o.o 
6 X X X X X X X X 0 4000 o.o 
7 X X X 0 1500 o.o 
8 l X l 1000 3.6 

9 X X X 1 X X X X l 4000 0 . 9 

10 X X X 0 1500 o.o 
11 X X X 0 1500 0.0 

1 2 X X 1 X X 1 X 1 3 4000 2.7 

13 X X 0 1000 0.0 

14 X X 0 1000 0 .0 

15 X X 0 1000 0.0 

16 X X X X X 2 2 l X 5 4500 4 . 0 

17 X X 0 1000 o.o 
18 X X X 0 1500 o.o 
19 X X X X 2 X 5 1 1 9 4500 7.2 

20 1 X X 1 X X 2 3000 2.4 

21 1 X 1 X 2 2000 3.6 

TOT 1 1 1 1 2 5 6 8 2 1 3 31 49500 1.87 

6-11 

I 



Figure I. Gear and locations utilized in capturing 
adult A:ner ican shad in the upper Chespeake 
Ba y in 1993. 

Capture Locations: 

• Hook and Line 
• Pound Net 

1. Cara Cove 
2. Cherry Tree 

SUSQUEHANNA FLATS 
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Figure II. ~~p~r Chesapeake Ba ring the 1993 j y electrofish · uvenile recruit~ng cells sampled ent survey. 
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Figure Ill. Petersen population estimates of adult American shad in the upper Chesapeake 
Bay. 1980-1993. Bars indicate 95% confidence ranges of the estimates 
and numbers above them indicate the yearly population estimate. 
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