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PREFACE

The following report was prepared by Mtchaet Thomas Metcalf
as partial fulflltment For a Master of Science Degree tn the School
oF Natural Resources at The Ohio State University. Research con-
ducted on thts thesis was part of a project coordinated by the Dtvi-
ston of Fisher tes and Atldt tfe Management at We Ohio State
University and was in part sponsored by the National Marine Ftsh-
ertes Service and the Ohto Dtvtston of Wtldtife, project number
04-7&43~7 ~ Dr. David L. Johnson, Divtsion of Fisheries and
Wtldlife Management, served as advisor. Other members of the
readtng comm ttee were Dr. James Tr[plett and Dr Joseph Kasile.

Qn behatf of the Ohio Sea Grant Extension Program,
pleased that we are able to reproduce copies of this research
effort and make it available to other scientists,

Jeffrey M. R cutter
Program Leader
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Fresnuster drum,  nplodinotus ~unniens! obtained from selnes

opexated. by commerce. fishermen in Sandusky Bay, Lake Erie, were

transported to ponds during the summers of 1976 and 1977, and delayed

mortality �-2 weeks after transport! was monitored. Fish «ere

transported in several treatment combinations added to hauling waters

The following treatments significantly reduced delayed mortality>

5 g/liter NaCl  P~Os05!i low fish hauling density � fish/9.1 liters!,

and late summer txansport  P 50.01!e Immediate mortality {end. of 6-h

trmnsport! was low �s84 a 0 2SD! and delayed mortality �-2 «eeks after

txmneport! was high  93sW 4 lle1SD! and variable in experiments that

teated hauling water treatments. Other groups of fish were transported.

and, caged to determine «hich stressor  capture, transport, or stccki.ng in

ponds! had the greatest effect on delayed mortality. Fish transported

{6 h! or stocked in ponds survived significantly  P~Oe01! better than

fimh caged immediately in «atsrs from which they originated. Capture was

the most important etressor. Delayed mortality of tagged fish in

hauling water experiments  mesn 91.>! was significantly higher  P~Os05!

than untagged fish from stressor experiments  mean 35.4$!. Delayed

mortality was most severe 1-3 days after stocking and nearly complete

after 1 week.



A considerable demand exists for freshwater drum and other rough

fish available from Lake Erie commercial fishermen  Mounts and. Hackney,

unpublished. data!. This species is currently underutilized in Lake

Erie and Van Heter �969! has shown that 1$,712 lb of $9,4O8 1b of drum

captured in trap nets were discarded for lack of suitable market. He

estimated the potential harvest of drum to be 1,534 times �,664,765 lb!

that which was taken �,B91,786 lb! in U. S, waters of Lake Eries

western basin in 1969, These figures are based primarily on ratio of

marketed to discarded drum captured incidental to fishing for other

species. It is unknown how many pounds of freshwater drum could be

captured. if increased fishing effort for this species was profitable.

One market for drum has been the live sale and transport of

Lake Erie fish to stock private pay-fishing ponds. However, commercial

fish transporters have indicated that mortality of drum is high during

the summer months  normally June, July, August, and Septembe !. Although

this is a seasonal market  April to June!, due to high summer mortality

 F~n 1978!, commercial fishermen receive 25 cents pe. fish or *oout

15 to 20 cents per pound for live drum. Hountz �974! studied the

economics and patrons of the pay-pond. fishery in Ohio and found that

availability of large, inexpensive, and easily caught species was one

of the mo t important factors for success. The freshwater drum is known

by anglers for its ease of catchability and sporting fight.

At the request of commercial fishermen and. tmaporters this study

was initiated to determine the relationship between capture, transport,

and. the resultant delayed mortality of freshwater drum. The ob�'ectives

of the study were �! to determine ~M improved hauling techn'cues could



be expected to increase survival of' drum transported to ponds; and �! to

determine which stressor � capture, transport or introduction into

new waters  pond stocking! -- had. the greatest effect on delayed mortality

The approach used in the study was to employ methods similar to commercial

fish transporters but to develop simple treatments and procedure ths,t

would improve survival.

Transport or transfer of live fish is involved in many facets of

fisheries including aquaculture, stocking, and research stud.ees.

Norris et al. �960<6! reviewed the history, eq,uipnent, methodology, and.
problems cf fish transportation and stated> "In general, all wish to

carry as many fish aa possible in as little water as possible with a

minimum of morta.ty." Recently, successful transportation techniques

have been Aiscueeed by Long et al. �977! for chinook salmon

~Qmcorhyncue tehawytecha!, ClupMae  Collins and Huleey 19631 Chit tenden

1971! ~ and various African Meetsrater fish  Hattingh et al. 1975!.

Fish often die during transportation or after same delay following

transport. Stresses that result from handling and, transporting fish

cause distressed physical conditions that can remain unapparent for some

time but eventual.y are fata3,  Bouck and Ball 1966!. Love �970i39-59!

discusses stress and the importance of considering its effect on the

biochemistry of fish. Nazeaud et al. �977! reviewed the impact of

stress on fish and classified the effects as primary or secondary.

Primary effects are rapid. changes in catechclamine and, corticosteroid

concentration in blood that can result from capture  Bouck and Ball 1966!,

transport  Hattingh et al. 1970~ Framer and Beamish 1969!, hand1ing

 k'edemeyer 1972; Soivio and Oikari 1976!, struggling  Mazeaud et al. 1977!,

hypoxia  Chavtn and Young 1970~ Mazeaud et al, 1977!, and thermal shock
-2-



 I&zeaud et al. 1977; Strange et al. 1977!. Secondary effects of stress

are metabolic disturlances  Black 1955; t:havin and Young 1970! and

osmotic imbalances {Stevens 1968~ Naetz 1974!. Both primary and secondary

ef ects of stress can cause mortality directly because physiological

limitations are exceeded or indi ectly because susceptibility to disease

is increased �'edemeyer 1970~ Foth 1972!.

-3-



LITERATURE REV ZEW

Nomenclature and Discript ion

The freshwater drum, Aplodinotus grunniens Rafinesgue, {Bailey

et al. 1970! was originally described. by Rafinesque �819! in the

Ohio River. This fish is the only fresh«ater member of the predominately

marine family Sciaenidae. The nomenclature is somewhat complex «1th

several generic and. specific synonyms {Jordan and Eigenmann 1889'

Tzautman 1957' Cross 1967' Scott and Crossman 1973!. Table 1 lists the

scientific and common names associated with this species. Scott and

Crossman �973! g1ve the etymology of the scientific name as

"Aplodinotus simple or singlei backs grunniens grunting." The

ability of the fish to produce an audible croaking or grunting sound by

action of muscles which oscillate the swim bladder has accounted for the

specific name and many of the coseen names.

The freshwater drum is general1y guite recognisable among other

species because of the high arched back and the extension of the lateral

line onto the caudal fin.  Fig. 1 ! Trautman �957! lists only

Norone chrysops, white bass, and certain carpsuckers, as superficially

similar. Descriptions of the species are given in Forbes and

Pichardson �920!, Nichols �942!, Trautman �957!, Cross �967!

Brown �971!, and Scott and Crossman �973!. The speciee «ae foe.n6 to

display remarkable stability in meristic data since early post glacial

times  Hubbs 1940! and for recent specimens from Kentucky to Visconsin

 Krumhols and Cavanah 1968!. The skeletal morphology is also uniq,ue

among fresh«ater fishes. The fused p~rngeal arches with crushing

teeth, the large sagitta or eaccular otoliths, and the heavily strutted

skull are all characteristic featuresi The skeletal system «as first



Scient if ic NamesCommon Names

1Adopted from Foell �974!

Buf falo-f ish

Buffalo perch
Bubbler
Bubbling fish
Casse-gurgo
Croaker
Crocus
Drum
Drumfish
Freshwater drum

Gaspamie
Gaspergou
Gray bass
Gray perch
Grunter
Grunting bubbler
Grunting perch
Jewell head,
Lake sheepshead
Lake Drum
Na1ashogaay
Mussel eater
Perch
Red. River bass
Sheepshead
S13.ver bass
Sunf ish
Thunder-pumper
White bass
White perch

TABLE 1

CO>mON AND SCZENTlF XC NAmS1

Aplodinotus ! runniens  Rafinesdue 1819!
Amblodon 1 rmntens  Rafinesque 182D!
Screens oscula  Lesueur 1822!
Sciaena g~isea  Lesueur 1822!
Sciaena  Corvtna! oscula  Lesueur! Richar ~on 1836!
Corvinus oscula  Cuv. and Val. 1836!
Corvina richardson'  Cuv. and Val. 1836!

Catostomus oscula  Kirtland 1841!

Corvima ~isea  DeKay 1&2!
Amblodon concinnus  Agassiz 1854!

Amblodon lineatus  Agassiz 1855!

Corvina Richardsonii  Forelle 1857!
Amblodon ~ne actus  Girard 1858!

6!

Haploidonotus richardsoni  Gill 1861 !
Haploidomtus concinnus  Gill 1861 !
Haploidonotus lineatus  Gill 1861 !
Haploidonotus ~ne lectue  Gill 1861!
Cervine  Amble~don ~ne seta  Ste1ndacbner 1867!
Eutychelithus richardsoni  Jordan �876!
Apltdonotus ~unniens  Grabam 1885!
A l d. t i  Graham 1885!

Corvina oscula DeKay  Bean 1903!



studied in detail by Green �941! and compared to that of carp,

Cyprinus oarpio, then common in laboratory anatomical studies. The

labyrinth and associated heaz'ing apparatus containing the large

otoliths vere described by Schneider �962!. Schneider and Hasler

�960! concluded that the an1mals may be capable of acoustic signaling
in connection vith spa«ning behavior. The otoli.ths are popular as

curiosities and often termed "lucky stones"  probably because of the

"L" shaped pattern on the medial surface of the otolith «here the

sacculus lies!o Wirth �958!, Witt �960!, and Priegel �965! have

commented. on the frequency of drum otoliths in indian kitchen middens.

They suggest that fresh«ater drum may have provided both fooi and

sources of !ewelry or trinJL'ets. Degens �969! found the composition of

all fish otoliths ino3.ning freshvater drum to be nearly identical,

consisting mineralogioally of azagonite. He further suggested that the

crystal ultrastructures of otoliths may function as piezoelectric

bodies «hich physiologically are linked to depth and sound perception.

The occurence of bones of fresh«ater drum as fossils «as first recorded

by Smith �9+! in north«estern Oklahoma from the Illinolan Glacial

stage of Pleistocene times.

Distribution

The fresh«ster drum has probably the greatest latitudinal range of

any North Amez.ican freshvatez fish  Barney 1926!. 1ts «ido.. =nge

stretches from the northern limit at the Nelson River, Manitoba

 Scott and Xooyman 1952!, south to the Bio Usumacinta basin of

Guatemala, the Bockies 1n the vest and Appalachians in the east

 Barney 1926!. Barney �926! believes the species originated in the

Gulf of Mexico and vas isolated some time prior to the last glaciation



of the Northern U,G. during the Pleistocene Age. He believes the

species was probably not limited by climate or temperature but instead,

by geographical limits to migration. The species is very common in

Lake Erie, especially the shallow western basin, and is found in most

of the Great Takes except Superior. Generally freshwater drum are

found in lakes and larger, low~ient streams  Daiber 1950!. Nany

authors have associated this species with turbid conditions, but

Trautman �95'7! disputes this belief and cites the much larger

populations in the clearer Huskingum River of Ohio than the turbid

Scioto as evidence. Although this fish is generally considered benthi-

pelagic and often associated with the bottom, Cady {1945! found them

vertically distributed primarily between 20-50 ft with a maximum of

about 95 ft in stratified Norris Reservior,' ,200 ft maximum depth!

Tennessee. Xn shallower areas of the same reservier Has'bauer �945! found

7A of all drum were captured in the bottom third of 8-ft deep gi.ll nets

set on the bottom. Bryan and Howell {1946! found that in unstratifZed

mainstem reserviors  Wheeler Reservior, Alabama! they were found between

11-30 ft and most often in 16-20-ft depths, Eley et al. �967! found

the drum's vertical distribution in Keystone Heservior, Oklahoma, to be

unrelated to all physicochemical factors measured  temperature,

conductivity, pH, alkalinity, carbon dioxide, specif'ic gravity, oxygen,

turbidity, and, light penetration!; «hereasy most fishes vertical distri-

butions were highly correlated. with temperature.

Spawning and Early LMe History

The life history of A. grunniens is incomplete3.y known because

spawning has not been observed and documented. Based on condition

-7-



factor, gonadisomatic index> and overall condition and number of eaxs in

ovaries, the spawning period has been placed. from early June to mid

September and at temperatures from &s-78 F {Daiber 1950, 1953; NcLeod 1953'

Mirth 1958~ Butler 1965~ Edsall 1967~ Nelson et al. 1967~ Wrenn 1968;

Swedberg and Valburg 1970!. Pelagic, planktonic, bouyant eggs found in

Lake Erie «ere not identified as those of freshwater drum untQ, Davis

�959! hatched. and reared them. The marine relatives «ere kno«n to be

pelagic epawnerm with planktonic eggs, and. Daiber �950, 1953! and

Langlois �9+! suspected this «as also true for freshwater drum but did

not confirm it by rearing. Spawning in Lake Erie is thought to occur in

d.iverse habitats including bays, lover portions of rivers, and. in the open

lake over sand. or mud bottoms to a depth of about 6 ft  Daiber 1953!. As

previously mentioned., Schnieder and Hasler {1960! believe the drumming"

noise of this fish to be connected with communication during spa«ning.

Commercial fishermen in Sandusky Bay, Lake Erie catch tremendous numbers

 up to 80 T in a single seine haul! during the known spa«ning period.

The age at sexual maturity varies for populations of freshwater

drum having different growth rates. Total length, ho~ever, is much

more importantly related to sexual maturity than age and Butler and.

Smith �950!, Daiber �953!, and Edsall �967} found this to be especially

t~e for female drum. In general, males mature a year earlier tha.n

females. Daibez �953! found 7. of Lake Erie males to be mature at an

average length of 302 mm  Age group V! and 84$ of females mature at 365 mm

{Age group VI!. Edsall �967! found. mature males as early as Age group

I! and females as early as Age group II!> ho~ever, 79 - of males «ere

mature at 285 mm and 7N of females at 355 mm. Vrenn �968! and S«edberg

{1970} found similarly that males «ere first to mature.



Fecundity is high for this species and ranges from 34,00 to 686,000

eggs with averages from 200,000 to 300,000  Daiber 1953~ Edsall 1967;

h'renn 1968; S«edberg and. Valburg 1970! ~ There appears to be a positive

relationship between the number of eggs and the age of fish. Three

distinct sizes of eggs  .54-.Ss mm! can be found in ovaries prior to

spa«rmg and t«o sizes of residual eggs remain for the next season

 Daiber 1953!. Davis {1959! measured extruded eggs and found them to be

l.l5-l.70 mm in diameter «ith a large oi1 globule 0.64.-0.72 mm in diameter.

The eggs float at the surface or may be churned to a depth of 3 m by

waves  S«edberg and 'kalburg 1970!. They found that hatching occurs in

about 24 hours and. embryonic development is remarkably rapid for

temperate fresh«ater fish. Prolarval development �.0 mm long! is

complete in about 48 hours, feeding commences at 5 mm, and adult

characteristics develop in 108 hours at 15 mm. 3utler �965! noted that

eggs and larvae of drum are not heavily preyed upon by pelagic predator

fish. Priegel �966! has shown that scale development is complete on

p~ung drum at 22 mm.

There is evidence that the extended. spa«ning period from early

June to late September arises from sub-groups in the spa~ning population.

These sub-groups give rise to definite gro«th modalitites amongst young-

of-the-year fishes. Do,iber �950, 1953! explained such modalities in terms

of either  a! interrupted or repeated spawning by females during a given

season, or  b! differentials in time of spawning bet«een females of

various year classes. Swedberg and Valburg �970! found year class strength

was positively correlated with above average summer  June-August!

temperatures and that year class strength «as determined. before ish

reached. 25 mm in length. They estimated instantaneous mortality rates o



~ 32 to .W for 25-N-mm fish from 2966 through 1968 in Lewis and Cla"k

Lake, Missouri. Nelson et al. �967! also found year class to be deter-

mined early and calculated mortality rates from catch-effort indices for

different lengths without regard to collection date. Juveniles are rarely

consumed, as prey except they make up about lg of the diet of Lake Erie

walleyes  Stizostedion vitreum!  Doan 1942; Parsons 1971 !, and one and

two year olds are eaten by burbot, Lot@ iota  Clemens 1951!. A definite

migration pattern of young-of'-the-year fish in reservoirs was observed

ae a shift from old river channels to flood plains  presumably associated

with diet change from mooplankton to benthic macroinvertebrates! at

about 20 mm  Ne1son et al. 2967i Swedberg and Walburg 1970!.

Age and Growth

Numerous age and growth studies have been published for freshwater

drum from many locations throughout its wMe geographical range. These

studies include those of Eddy and Car!.ander {2942! in tGanesota;

84cker and Lagler �9~2! in Indianai Shoffman �941, 1969! in Tennesseei

Sutler nnd Smith �950!, in the upper Mississippi River impoundments!

V"enn �968! in Alabama' Priegel �969! in Wisconsin> Purkett �958!

in Khasouri mtreMLs' ,Houaer �960! in Oklahoma! Swedberg �965, 1968!,

Nelson �974!, and Gabel �974! in South Dakotan Benson �968! reviewed

growth studies on Viisaouri River main stem reservoirsi and lhn Oosten

�938!, Daiber �950, 1953! Larmoyeux �9g.!, FAsall �967!, and Foell

�974! studied Lake Er5.e growth. Additional studies include growth infor-

mation on young of-the-year fish  Nelson et al. 1967' Swedberg and

- 10-



Nalburg 1970!. Besides conventional scale aging techniques, freshwater

drum growth has a1so been determined from otoliths  Witt 1960; Priegel

1965! and the eye lens  Burkett and Jackson 1971 !. Typically, growth

is greater for drum in the southern part of its range and is usually

highly variable for different habitats within the same general geograph-

ical area. Priegel �969! used the time interval r~uired to attain

a tota3. length of 356 mm �4 inches! as a standard of comparison.

Table 2 presents growth data from the above studies with this method of

comparison. Zt can be seen that the best known growth is in Cklahoma

Lakes under 500 acres while the slowest growth is from Lake Erie's

central basin. Table 3 demonstrates what appears to be a decreasing

growth rate in the Western basin of Lake Erie, perhaps indicative of an

expanding, underexploited population. Nost authors have noted that it is

considerably difficult to age fish once they are sexually mature, and

there is norma11y a great deal of overlap in length c1asses for a given

age. Butler and Smith �950! presented criteria for scale-age

validation for the species, but no one has apparently validated scale-

aged. fish by comparing them with known' specimens from the same

population. Nost age and growth studies report the oldest age in

samples as 10 to 15 years wM.ch corresponds approximately to 450%00 mm

�7-20 inches! and weights of 1.5-3.0 kg {3-6 lb!. However, most

authors who have described the species list maximum ~eights as ~

as 50-60 lb. Cross {1967! lists the largest Kansas specimen as 37 in

and 27 lb, and Trautman �957! lists the largest specimen from Ohio

as 35-39 in and 36 lb. Priegel �965! and Witt �960! have sho~w that

the maximum size of ancient freshwater drum was similar to recent

specimens. Young of-the-year growth is probably impossible to



TABLE 2

NN'09R OF YEARS RlKUIRKD BY DRUM ZN VARXOUS

IDCATTONS TO ATTAZN A TOTAL LENGTH OF

356 mm �4 inches!i

Site and Author s!
of Study

Oklahoma lakes

und.er 500 acres

Houser, 1960 2 3 years

Oklahoma reservoirs
over 500 acres

3 - 4 yearsHouser, 1960

Reelf oct Lake,
Tennessee

Schoffman, f.941

4 - 5 years

5 - 6 years

Priegei, 1969 6 years

Wheeler Reservoir,
Alabama

6 - 7 years
Wrenn, 1968
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Upper Mississippi
R iver navigation pools

Butler k Smith, 1950

Salt River, Nissouri

Purkett, 1958

Lake Winnebago, Wisconsin

Time Required. by the Average Drum to
Reach a Total Length of 356 mm  i4 in!



TABLE 2

  Cont inued!

Site and Author s!
of Study

5 - 6 years
7 years

Benson, 1968 5 - 6 years

7 - 8 years

Foell, 1974 7 - 8 years

Missouri River
Main Stem Reservoirs
South Dakota

Nelson, 1964

Svedberg, 1965, 1968

Y.issour i River
Main Stem Reserviors
North Dakota

Lake Erie Western Basin

Van Oosten, 1938

Larmoyeux, 1951

Edsa3.le 1967

Busch Unpublished Data
197<

Barickman Unpublished Data
1977

Lake Erie Central BasLm

4a pted from Foell �97m!

Time Required by the Average Drum to
Roach a Total Length of 356 ms �4 in!

5 - 6 years

5 - 6 years

6 � 7 years

6 - 7 years



TABLE 3

Tom LENGTH  I! OF VmSSVArZS aaUH NOH

MMTRRN IkÃK NZR AT THE END GF CXVEN

YMS OF LIE%

Study

~i.~  i977!

Busch �970! 2

2i 9 254 284 314 345

243.4 280.8 3i8.9 352.0 375.4

255.~ 290s7 329a3 352+2 382+9

266.7 30'.3 340.4 373.0 4'.3

276,9 3i7.5 348. 0 38i.0 403. 9

iMapteC froa toe11  i 974!
Uapebl bshe data

-14-

ScbsaXL �967!

~ys~  i9N!

Van Ooston �938!

Zeus of L&e Camy1etei



describe by linear regression because of the multi-modal d.istribution

produced by extended spawning.

Food and Feeding Habits

One might suspect, based on many of the comon names  Table 1 ! and the

specialized anatomical features such as the subterminal mouth and. large

moliform pharyngeal teeth, that the freshwater drum is a bottom feeding

carnivore which utilizes mollusks and benthic crusts.ceans as a major

portion of its diet. Early studies of freshwater drum food habits

 summarized. by Daiber 1950! have supported that the major portion of the

diet of adults was molluscs, supplemented by crustaceans and fish, Young

drum fed mainly on benthic invertebrates, especially insects.

Recent food studies in western Lake Erie seem to indicate that

molluskn are rarely a ma3or part of the adult diet and that benthic

insects and crustaceans are fmr more important  Dauber 1950, 1952!.

Price �96$! states that the species is notably omniverous in lake Erie.

In western Lake Erie the larger drum fed primarily on mayflies  Hexagenia!

and, amphipods, while young-of-the-year fish  up to 30 mm! fed. mainly

on copepods  Cyclops and Diaptomus! and amphipods {GamzsLrus!  Daiber

1952!. Kore recently, in Lake Erie, the midge larvae  Chironomidae!

and. sludge worms  Oligochaetae! have become important in the diet  Price

1963!. This shift in the diet from Hemgenia to midges and oligochaetes

is not suprising in light of the near disappearance of mayflies in Lake

Erie reported by Britt {1955! ancl Carr and Hiltunen �965!. Griswol< and

Zubb �977! noted that ~I e food. habits of freshwater drum in Sandusky Bay,

Lake Die have season- trends based on availability of food. They noted

a large percentage of fish in the diet in the faU. when large numbers of



guvenlle Sisssrd shad  Dorosoma ~ce dianua! sere available. Darius sy

thesis research, I observed a high degree of cannibalism in Sandusky 3ay

uhen many juven1le drum vere available. I also observed that large drum

 ~~X mm! often contained large snails,  ~vivi grus ga~vnicus!, in the

~te summer  one 728-mm specimen contained 14 operculae with soft

parts attached! Although both Pr1ce �963! and Grisvold and Tubb

�977! allude to the importance af food availability in relation to

food habits, Xt is unfortunate that no researcher has determined

electivity ind1ces  lvlev f.961! «hich quate food preferences with

respect to available prey. Recent food habit studies in lakes or

reservoirs  Noes' 1955> Dendy 1946~ Priegel 1967~ S~edberg 1966,

1968! and. river+  Vhitaker 197$! in other geographical areas parallel

the find' ngis f~ Lake Erie.

A deecr5.ytion of the feeding methods of freshwater drum, based on

ag.uerfa observation when fed. minnows and crayfish, vae given by De.aber

�950!. Prey ~ere seised by a sudden and forceful suction of the

extended mouth» %hen bottom feeding, drum have been observed to possess

a mechanism f' or etrainingt such that, suitable bottom materials are

sucked into t.he mouth and expelled. through the opercles in a constant

stream as the gimh moves over the substrate. This mechanism likely

explains the abeence of large amounts of i.norganic oose in stomachs even

vhen benthic invertebrates are common food items  Foell 1974!. In

light of their omnivorous food. habits, it is likely that drum represent

a serious competitor to other species shen they are numerous,

such ae in ~em.<em Lake Erie  Pri.ce 1963! and lake winnebago,

visa!nsin  prie@'el 1967!.
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~ites

~ham and Hunter �9!9!, in studying the parasites of Lake Erie

fishes, reported that the freshwater drum displayed a high degree

parLsitic infestation with all but W of 48 individuals examined sho"ing

some degree of parasitism, A diverse fauna of parasites were identified

Mcluding trematod.es, cestodes, nematodes, acsnthocephalo»i and

myxosporidians. Vend, eland �968! surveyed freshly killed specimens of

freshwater drum from Lake Erie snd included Hirudinea, aq.uatic insect

larvae and Kctoprocta as additional parasites of this species. Vendeland

�968! also reviewed. the literature associated. with parasitism of fresh-

water drum, Hoffman �967! lists the ~ites of this species in North

American waters. ~ham �972! resurveyed the lake Kri.e fish parasites

and found a much higher incidence of psrasitism in |Lll fishes than the

1939 survey  98.5$ vs 58.3$!. He found 100$ of 88 dishwater drum

examined were parasitized by one or more of 23 parasite species. He

contributed most of this increased incidence of parasitism to improved

techniques of recognizing many smal1er and encysted farms rather than an

increased infestation. Bengham �972! discussed parasite species of

economic importance to Lake Erie fish. Of these species, freshwater drum

contained fivei Philometra cylin~cea s f&iform nematode responsible

for parasitism of the eye socketsg Eustrongylides sp., a flesh invading

metacercariae of the ~~ genus RiplostomMum, often found

parasitizing the eye lens; the fluke, Posthodiplastomum minimum, as a

liver and mesentary cysti Proteocephalus ambloplitis, the so called bass

cestode, frequently invading the liver, mesenteries, and gonsds often

responsible for sterility ~i«s �975'! as t"«irst to demonstrate the

- 17-



Philometra sp. to be the cause of the "popeyed" condition of many

freshvater drum, especially those under 200 mm, but n=t young-of-the-year.

Many authors have described. additional parasites or noted their

occurence in freshwater drum from Lake Erie and. other areasr the

trematode, Catylogaster occidentalis Nickerson,  Dickerma.n 2948;

Frederickson 1972!; the crustacean, Lernaea cyprinacea,  Whitaker and

Schlueter 1975!; the piscicolid leeches  Branson 1961~ Nagel 2976!; and the

nematodes Cantracaecum sp., Spinitectus carolini, Rhabdochona decaturensis,

 Spall 1968!.

Response ta Physical Environment

The freshwater drum apparently is able ta vithstand. rather lov

oxygen conditions  less than 2 ppm! based on catch data from southern

reservoirs where fish distribution vas determined «ith respect to

physicochemical factors  Dendy 2945 i Eley et al. 1967!. The final

temperature preferendum  Fry 2947! and heat and cold shock limits of

many Lake Erie fish including freshwater drum vere reported by Reuttez

and Herdendorf �975, 1976!. They found the final temperature preferendum

of drum was 26.5 C for adults and. 32.3 C for young-of-the-year during

the summer �2.2 C ambient temperature!. All species tested, vere found

ta follow this pattern for preference af temperatures higher than ambient.

Heat and cold shock tests with drum shoved the lethal ~  Critical

Temperature Y~lmum! ta be +.0 C during the summer. Similarly,

Cvanvora et al. �977! found. an LD50 value for lethal temperature of'

young-of-the-year freshwater drum of' 32,8 C. Cold shock was not a

problem during any season. However, Reutter and Herdendorf's

�975, 1976! tests used 11.1 C drops or increases from ambient temperature



and Sisk �968 unpublished data! found. that a sudden drop from 22.2 C to

8,3 C�3.9 C drop! produced about 9' morta1ity within 5 hours.

KcOarraher �971! studied the ability of different fishes to tolerate

alkalinity in natural lakes in Nebraska. He found that drum were not

especially tolera,nt to high alkalinity and recommended stocking in ponds

with less than 900 ppm total alkalinity. Apparently the drum is not

particularly effected by turbidity although Trautman �957! believes

that it prefers clear waters. The pelagic spawning habits and planktonic

eggs should be a de inite reproductive advantage under turbid conditions.

Economic Importance

The freshwater drum has trad,itiona11y been a fish of rather low

esteem both to commercial and sport fishermen in Lake Erie. Yet,

commercial fishing annually removes 10 million pounds of the species

valued at $300,000 from the Great Lakes and. Mississippi River watersheds

 Foell 1974!. Table 4 s~izes the commercial catch of this species

for the Creat Lakes.

Summarizing the data of Baldwin and Saalfield �962! and Anonymous

�970! for the 21 year period from 1948 to 1968, the average catch of

freshwater drum for the Great Lakes is 4,334,000 lb. This catch is

proportioned between the U. S. and Grenada as followers Ohio 3,232,000

�4.&C!! New York, Pennsylvania, and Michigan combined 83,000 � ~ 9$!;

Ontario 1,019,000 �3.9C!. It can be seen that the majority of the

Great Lakes catch comes from Ohio, especially from Iake Erie's western

basin  Daiber, 1950!. Fig. 2 summarizes the Ohio catch from 1915% 1977.

The 1977 Ohio catch was 805,000 lbs valued at $21,900 �6 cents/pound

average!.



TABLE 4

DZS'IRZBUTZON OF CREAT LAKES FRESHWATER DRUH CATCH

 AVIV.GE mOUSAIm OF POTS FOR 5 XR PZRZODS

FROM l 899-1977!

Lake Lake

Huron Mich' gm

1899, 1903,

1908, l913

1920-19241

2, 504

2,032

2>798

2, 391

4,0784,037

2,964 2i999

5,7665,697

4,4804,394

2,0291 i977

1,506

1,054

1,264
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1925-19291

1930 1934

1948-1952

3 19572

1958-1962

1963-1967

1968-1972

1973

19744

1Bald.~in and Saahf leld 1962
2Anonymous 1970
3Anonymous 1971, 1972, f973> 1974
4Anonymous 1975
5Anonymous 1976

~e Total
Erie Great Lakes Lake Erie
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Figure 2. Ohio freshwater Chum landings LaRe Wfe 1914-1977.
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The Mississippi River system has the greatest commerical harvest of

drum. The catch In the Mississippi River system for 2932 was 3,905,000 lb

valued, at $243,000  Van Oosten 2938!. The 2974 production in the

mississippi River system was 6,089,000 lb valued at $738,000  Anonymous

1977!. Mississippi RIver drum sold for about 22 cents per pound prior to

1950 {Elutler and Smith 1950!. The turd most extensive commercial fishery

for drum is in Lake winnebago, Visconsin. About j million pounds were har-

vested annually as part of rough fish removal programs for 25 years prior -o

1953 {<irth 2958!. Za 1953 an Intensified rough fish removal program

was initiated in?aha Vinnepeg with a peak catch in 2957 of about 4.3

million pounds {Priege3, 1971!. Benson �968! noted that a ~ commerical

fishery amounting to 4,000 lb exists in Nissouri River main stem reservoirs.

The drum is more h4glgy prised as a food fish in Lousiana  Gowanlock 2933!.

Tn Alabama, market d~ Is low and. drum bring only about 5 cents/lb

 Vrenn 1968!. As Foell �974! so aptly stated>

"Xt is important to note that these figures represent
only a portion of the drum that are actually taken
by commercial fishing. Zn order to not flood the
market, and to protect an already meager profit
margin, many fish distributors purchase only a
limited amount of the species from commercial
fishermen who return the excess catch to the
water."

The evident downward trend in Ohio commerical catch  Fig. 2! is

likely an artifact produced by the reporting procedures; drum

are possIMy being Included with "other" rough fish, as animal food",

or as "scrap" for rendering to oil and, fishmeal ~ The abundance of drum Is

most likely as high as M previous years. 1&aall �967! reported that

drum were the second most abundant species m Lake ErIe bottom trawl
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explorations in 1958, comprising 21$ of the catch by weight. Bowman

�974! reported that chum were the 4th most abundant species �.7g by

weight! in Lake Zowie bottom trawl explorations from 1962to 1966. Only

the tremendous increases in alewi.ves and smelt lessened its importance.

Van Heter �97$! estimatecL the total commercial catch of' freshwater drum

captured by both trap nets and haul seines to be the greatest poundage

of all commercial species in Lake Erie. Catch in this instance refers

to actual capture by commercial gear rather tk~ removal from waters as

ha~est. 'Volfert et al. �978! found freshwater drum to be one of the

most common species in an inshore area  out to 10-m depth! of southcentral

Lake Wie.

The importance of drum in the sport catch wLs noted by Jackson �957!

and Houser and Heard �958! in Oklahoma reservoirs ~here only moderate

populations existed., The contribution of drum to the sport fishery of

~e Erie is demonstrated by Kellex �964! and Baker et al. �976!. Keller

�964! found. that drum were the second. or thircL most harvested species in

Lake Zrie, representing about 2~ of the total catch and having a catch

rate of' about .15 fish/hr from 1958 to 1960. Baker et al. �975! found

quite similar results> catch per angler houx O.f.2, and. an estimated

harvest of 295, 521 fish �10,137 lb!, exceeded only by yellow perch and.

white bass. Xt sould. be noted that these creel figures represent harvest

rather than catch. Many more drum are caught and. released than are kept by

anglers. Scott and Crossman �973! gave testimony to the game fish

qualities of drum through their informative discussion of an 11 pound, 8

ounce drum which won the Ontario, Canada big fish contest a= a misidentified

smallmouth bass  Yicropterus dolomieui!, a record which was still in

existence in 197Q.



The flesh of freshwater drum from Lake Erie has Long been refuted. as

being poorer in quality than that of Ohio River fish  Trautman 1957!.

This, however, may be a local pre!udice against drum due to the long

history of avatlabil,ity of more renowned food. fishes such as trout, white

fish, Stizostedion sp. and. yellow perch  Perca flavescens! in Lake Mie.

Ba1dwin et al. �969, 1970! studied the palatability of fresh«ater drum

flesh with regard to the size of fish, portion of body, and, relationship

to Nhasissippi River pol1ution sources. They found the drum flesh to be

effected more than other species tested «ith regard to eater quality

we, that size «as insignificant to flavor, but a possible preference

for the posterior portion of flesh did exist. Other workers  Anonymous

19~, 1952b, 1953~ ifazrics et al. 1956; Thurston et al. 1958;

Kraeczkowski 1970! have deterl~ed the composition of drum f1esh

 moisture g oil y ash e protein, f ill et yield ! in hopes of deve loyaent of

new commercial markets for drum. One fact noted by these authors was

that drum oQ. content was highly variable but significantly lower �$!

in the spring. Stone �975! researched the development of food. products

for human consumption from freshwater drum. He found through taste panel

tests that an acceptable fish stick could. be produced from this under-

ut Qized species.

Although a portion of the market demand is for human consumption as

«hole fish or fillets, the ma!ority cf drum are used for the animal food

ind.ustry  Edsall 1967! Scott and Crossman 1973~ Stone 1975!. Foell

�974J suggested, and. I «holeheartedly agree, that the common

practice of discarding tons of dead and dying drum from commercial gear

for lack of suitable market is extremely «astef ul in view of the demand

for and high cost of fish meal. P esently, one manufacturer of fish meal
- 24-



in the "leveland, Ohio area has accepted a supply of one million pounds

of rough fish  about 7&i. drura! for processing. This amount «as provided

by a single haul-seine operator in about a three «eek period during tray

and June  Lee Stinson, personal cosLaunlcation!. A possible problem «ith

the marketing of drum pet food, fish meal, and oil is the contamination

by pesticides. Dugal �968} and Kleinert et al. �968} stated ho«ever,

that the levels of chlorinated hydrocax'bons in Lake Wie fresh«ater drum

vere belo« the allowable standards for human consunpticn as «ell zs

animals.
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METHODS AND MATER IALS

~Trans rt ~System

A transportation system was developed to transport fish under

controlled conditions during expez iments. Project constraints dictated

tha,t the system be portable, inexpensive, and simple to operate and

maintain. Eight transport tanks weze constructed of 3/4-in marine

plywood and waterproofed both exteriorly and interiorly with epoxy

resin. Tank dimensions were 61 cm X 91 cm X 69 cm and had a working

capacity of 227 liters. The tanks were mounted on a 3.5-T flatbed truck

with a 14-ft bed. Oxygen was supplied to these tanks either by 12-V DC

agitators  Minnowsaver Model 9A! mounted individually in tank lids or

by commercial bottled oxygen �3mu ft cylinders!. The bottled oxygen

delivery system was controlled by a regulator and oxygen was bubbled

through O.Q cm OD latex tubing which had been perforated on a sewing

machine. Even distribution of oxygen in tanks was assured by veaving

the tubing through a rigid, "H" structure constructed of 3/4-in PVC pipe

and brass rod. The transport syste~ is shown in Fig. 3.

Site Descriptions. The first season of field work was completed

during the summer of 1976. Fish weze obtained from commercial seiners

located along Sandusky Bay in the western basin of Lake Erie  Fig. 4!-

The majority of the fish were provided by the Port Clinton Fish Co.

{site A! after operations of other fishermen ceased. in mid-June. Fish

were transported 135 km from the seine sites to the Ohio Department of

Matuzal Resources District Three Headquarters near Akron, Ohio, where

they were placed in hatchery ponds. Hatchery ponds 46 and. PB veze used
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to hold fish and monitor delayed mortality. Both ponds were drainable

and surface water vas pumped continuously from nearby North Reservoir

for water exchange. Both ponds vere about 0.25 ha with a mean depth of

1,0 m and maximum of 1.5 m. Chara sp, grew on the bottom of both ponds and

6

In the 1977 field season, fish were transported. exclusively from

the Port Clinton Fish Company seine site. Fish were similarly transported

to the Ohio Department of Natural Resources  ODNR! Akron facility;

however, only one pond, P0 vas utilized for the experiment. This pond.

was quite similar to those previously described.

Rt'

was to test the effects of various treatments, added to the ~ater in

transport tanks, on delayed mortality of freshwater drum.

In 1976, a 2 completely crossed. factorial design was used.. The

experimental desi~ with 64 possible combinations of the 6 treatments

is given in Fig. 5 . The null hypothesis vas that none of the treatment

main effects or two level interactions vould have a significant effect

IW = 0.05! on delayed mortality. Each treatment with the exception of

temperature control was either present in or absent from transport tanks.

The two levels of the variable, temperature control, vere ambient

temperature or addition of ice to cool transport tank water to 21 C. The

treatments were randomly assigned to individual transport tanks. Tvo

blocks of 32 treatment combinations each vere transported, to complete

one replication of this experiment. Replicates were confounded or

separated into blocks to ensure that all treatment combinations could be

transported within a two week period. Confounding resulted in block
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Figure 5, The 1976 transport eater experimental design and listing of
treatments, The randomized 2 completely crossed factorial experiment6

confounded into blocks is sho~n.

Block 1

B3.ock 2

Treatments

bottled oxygen �2!
5 ~'liter XaCl  S!
l ~liter MS-222  A!
temperature control  ICE!
l mg/liter Malachite green  F!
l mg/liter terramycin �!
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effects beccming inseparable from the highest level interactions. It

was assumed. that highest level interactions would be insignificant and

only main effects and 2-level interactions were tested. Two replications

of the entire experiment were performed on the following dates for each

blockt 23 Nay-5 June, 24 June-14 July; 8-l8 August, and 13 September-

1 October.

Zn 1977, a randomized block 6 X 2 factorial design was used to

test a new set of treatment variables. This design and a listing of

variables is given in Fig. 6. The main effects and two level interactions

of these variables were tested for significant effects on delayed.

mortality at an K level of D.05. Treatments were assigned to tanks at

random. Two blocks of the experiment were performed 27 Ju"y-3 August;

and 24 31 August. Each treatment combination was represented. in both

blocks and. each block was regarded as a fixed main effect, "season".

Season was excluded from interactions in analysis to provide more

degrees of freedom for the error term and, therefore, a more powerful

F-test of main effects  Joseph Kasile, personal communication!.

FP6

tank and agitation was begun prior to loading fish into tanks. The

transport ~ster source was Sandusky Ray. Individual fish  + 250 mm! were

'-.ptured by gloved hands from the suspended commercial seine bag  Fig. 7 !

and. placed in ¹3 galvanized wash tubs containing about a 1/3 volume of

treated, ~ater from transport tanks. Fish were loaded 25/tub a.nd two

tubs were placed in each transport tank. Transport tanks were loadec

in sequential order, tanks on the front of the truck first, rear tanks

last.



Figure 6 . The 1977 transport water experimental design and listing
of treatments. The 6 x 2 factorial experiment is divided

into blocks by season.

Treatments

"salts"

Agitation  A!
Fish loading density
Season

Levels
~control

2 ~u {5g/L!
3 CaC12 {1+L!
4 iM iPr&4  lg/i j
5 Ca@ plus !:a HPO  lg/L each!
6 Malalhite grefn pits terramycin {lmg/L

each!
present or absent
120'/L or 6I0g/L
Block 1 �1} Block 2 {B2!



Fish were then transported 6 h to the experimental ponds. The 6-h

transport included 3 h of actual travel and 3 h of simulated transport

on the parked truck. Water in all tanks vas agitated during the entire

transport peziod..

Following transport, fish weze stocked in the ponds. Twenty fish

were selected. for tagging and stocking from each tank. Fish which were

obviously dead or distressed. vere excluded from stocking. Selected

fish were caught by hand oz dip net and a numbered monel metal tag

 chick wing band size k3! vas inserted in the tissue between the

premaxillary and maxillary bones of the upper jaw. Tagged fish were

transferred 3-4/dip net directly from tanks to ponds. Ten fish were

placed in each pond from each treat. ment. All untagged fish from. each

tank were measured  i 2 mm! and weighed  i 2 g!.

The fish were held in the ponds at least 2 ~eeks after the last

group of treatment combinations in a block had been stocked to determine

delayed mortality. During the holding period, the surface, bottom, and.

perimeter of ponds were monitored daily for dead fish, which were

removed and tag numbers recorded. At the completion of the holding

period, ponds were drained; surviving fish were counted and tag numbers

vere noted.

Dissolved oxygen, temperature, pJ!, and C02 were monitozed in

transport tanks prior to fish load.ing, after arrival at experimental

ponds and at the completion of transport. <hach day of fish transport,

temperatu e,disolved C2, pH, and 02 were measured in Sandusky 3ay. Cnce

during each experimental block, total alkalinity, total hardness,and to~wl
chlorine were determined. Similarly, each experimental pond was monitored
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on transport days for dissolved oxygen, temperature, and pH. Twice during

each block total alkalinity, total hardness, and. total chlor'ne were

determined. All 02 and temperature measurements were taken with a YSI

Model 54 temperature-oxygen meter and, other water quality measurements

were done with a Ha.ch DR-EL portable water engineering laboratory.

In 1977, procedures vere modified somewhat from those of 1976, Oxyen

vas introduced as a constant and agitation became a treatment. Agitation

was introduced as a variable because it vas f eared that currents produced

,in transport tanks could be causing stress to fish and possibly contributing

to grea.er mortality. Transpoxt water was obtained from a Sandusky

municipal ~ater supply and allowed to stand overnight for chlorine

dissipation prior to fish transport. Treatments were randomly assigned to

transport tanks and. added along with 02 prior to fish loading. Tanks vere

loaded with fish as previously described except loading was random rather

than sequential. Oxygen was bubbled. to tanks throughout the 6 h transports

otherwise, transport remained unchanged. Tagging procedures were changed

am follows' all fish �5! were tagged from tanks at the low density level.

and 25 healthy-looking fish were randomly selected for tagging from tanks

at high loading density. Ef transport vater temperature differed from pond

water temperature more than 5 C tanks were tempered by exchanging about 1/3

of the tank's water for pond water, $ h before stocking ponds. The

municipal water quality vas measured once to determine its overall

character. Transport tank water quality was not measured, and. pond

dissolved oxygen and temperature vere checked irregularly,

Ana1ysts. A data management system mas designed tc aid in accurate

compilation and storage of data. Field data vas transferred. to IZY. key-

punch cards in a sturctured data tree format. Programs vere developed to
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read and e~r check data which were stored on magnetic tape. In 1976,

an analysis of var~ance of water treatment data was done utilizing
37p computer and. a package analysis routine, CANQVA  Poor, 1973! ~

The ~~ delayed mortality was the depend.ent variable. The 1977 water

treatment data was handled shaflarly except the ana1ysis of variance was

accomplished with the statistical ps.ckage SAS 76, GIN procedure  Barr et
a1. 1976!. The dependent variable, 5 delayed mortality, was transformed
with a square root transformation  Steel and Torxie 1960! to correct
for shewedness of distribution toward 1005. A Tukey's test  Steel and
Torrie 1960! was done on the 6 levels of the treatment, "salt", to corn

pare mean mortalities for significant � = o.o5! differences,

Stressor ~mriment

of 1977. FMh were obtained from the Port  Linton Fish Co.  Fig. 4 !.

Fish were held in 6.1-m3 nylon nets in two locations. One lodatfon was

approx1zateQ lgp m west and $0 m off shore from the Port Clinton Fish Cc.

seine site U Sandusky Bay. The second. location was a 3-ha pond.

located near Bayview, Ohio, by the junction of Ohio Rt. 269 and OM.o Rt.

6. This pond was formerly operated as a psy-fishing pond  Bayview Fish

Farm! and had a mean depth of about 1.8 m and a maximum depth of about

2.5 m. The pond. was void. of higher aguatic plants.

to recognize which stressor, capture, transport, or stock~~ in ponds,

contributed signify.cantly to delayed. mortality of freshwater drum. Fish

were transported 6 h or transferred immediately to either Sandusky 3ay

or Bayview Pond where they were kept one week in nylon holding nets to

determine delayed mortality. The design used was a 2 X 2 factorial
-33-



experiment with the two treatments, "location" and "transport" completely

crossed. The treatment "location" had two levels, Sandusky Bay and

3ayview Pond and. the treatment "transport" had two levels, 6-h transport
or immediate transfer. Each treatment combination was replicated  two

groups of fish treated identically! within one experimental trial. The
null hypotheses were that delayed mortality ~ould not be greater in the

Bayviev Pond, and also no greater for fish transported. 6 h. This experi-
ment vas repeated 4 timesl 6 July-13 July, 18 July-25 July, 26 July-2

August, 26 August-2 September.

at each location �/location!. Metal conduit stakes vere used to support

the square nylon nets. Nylon nets vere 1.8 m on a side �.1 m ! with3

0.4 cm mesh. The nets also had covers of' the same material with a 60 cm
opening along one side for fish stocking. A rigid pipe framework vas
erected above the nets so that they might be rai.sed with a rope and

pulley system. Fig. 8 sho~s the arrangement of nylon holding nets.
The ability to raise nets made it easier to view fish vith a minimum

of handling.

Fish vere obtained from the Port Clinton Fish Co. seine site  Fig. 4 !
and loaded into the transport tanks 25 fish/tank as previously described!

except that two tubs of fish �5/tub! were transferred immediately by
rowboat to the Sandusky Bay holding nets. These tubs were oxygenated

by 12-V-DC agitators. Fish were placed in nets, one tub/net. All
transport tanks contained 5 gfL NaCl and compressed oxygen vas bubbled
into tanks, Tvo tanks of fish were transported to the nearby Bayview pond,

�0 min! andtransferred immediately into the holding nets. The remaining
4 tanks of fish vere transported 6 h, and two tanks of fish were placed
in the remaining holding nets at each location, the pond and the bay.
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All fish were held in the nets 1 «k, and Bayview pond nets were

raised daily to monitor mor~ity. After the 1 week holding period,

nets were removed and surviving fish enumerated. Dissolved oxygen and

temperature were monitored daily in Bayview pond and occasionally in

Sandusky Bay. Addition water quality measurements were taken to

characterize Bayview pond. water.

Analysis. A computer assisted analysis of variance  ANOVA! was done

to dete~ine significant effects   ~= 0.05! of treatment on delayed

mortality. The 7 delayed mortality was used as the dependent va"iable.

The statistical analysis package SAS '76, procedure A'<OVA  Barr et al. 1976!,

was used. to analyze the data.

~Ta Effect R@ieriment

Site Description. The experiment «as performed at two locations

which have been previously described. These locations «ere the Bayview

pond and the ODMR Akron hatchery pond ¹0.

if tagging fish had a significant effect on delayed mortality, Percent

delayed mortality was the dependent variable. The null hypothesis was that

tagged fish would not experience significantly  oc = 0.05! different

delayed mortality than would. untagged controls, Each experimental group

 tagged fish and untagged control! was replicated � identically treated

groups! within one experiment. The experiment was done once at the

Akron Hatchery Pond and once at Bayvie« Pond.

�5 fish/tub! were randomly loaded in transport tanks � tub/tank! that

contained 5 g/liter HaCl and received bubbled 02. Fish were transportec
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"~e ~ed as described in ghs transport eater experiment,

~ fiah >ere pMcsd one ~net in ggs holding nets.

Fish mere he1d 1 meek and m~s sere emptied to det~ine s~ival.-

~e aeae % delayed aoetaltttea «eze calcolated troe the

" mplio tss of each experimental gz'oup. These means ~sre compsred for

~ncaa  ~ o.05! by sn unpaired t-test.
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4uite high  93.7 0 11.lK! and variable «hen compared to t.he 4 mortality at

the conclusion of the 6-h transport �,8 g 0.~D! Har~~ �978!

reported, transport mortality averaged 5.i$ and ranged f~m 0-5&A in

experiments run concurrently «ith this experiment. Bouch and Ball �966!

reported high delayed mortality  8Q! in rainbo« trout  Sa~o gairdneri!

caught by angling and held 10 days in live boxes. Capture of' muskellunge

 Esox masq.uinongy! by seine from a pond �l �"! «as found to produce a

greater physiological response than marking by fin-clip m.nd. transport by

truck  Miles et al. 1974!. The intense struggling of' ff.mh "played"

to exhaustion byanglsrs may be closely compared to the mt.reases involved

in commercial seining operations. Commercially seined ash tave been

actively s«iaeLng to avoid the seine f' or 3-4 hours, and ultimately fish

are confined to a small area «here hyperactivity «nd hypoxia cause rspid

exhaustion. HazmsLn �978! found, tha.t loss of ~uilibrium ~d a un/form

hemmoraging in the skin «ere distress symptoms of drum ha3.d. in commercial

seine bags, and the onset of these symptoms «as most rap~a, during May

through July «hen spa«ning populations of dr" ~~ ~d~ Bay produce

abnormally Large catches of fish  i 0-30 metric tons!, prinMLx ily

The analysis of' variance of data from treatment «ate> experiments

is given in table 5, Because deLayed mortality «as ~h and «t

randomly distributed it was necessary to transform the ~tm. using the

formula square root of' �00 - 4 delayed mortality + j! s  Stee

Torrie 1960! I ~ 1976> the only treatment «hich signify~>tly  p-p 013!

reduced delayed mortality «as the addition of 5 @liter Mm.~ gimel ~
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beneficial effects of FiaCL to transported fish have been reported for

salmonids  Long et als 1977; Medemeyer 1972!, clupeids  Collins and

Hulsey 1963!, and, African freshwater fish  Hattingh et al. 1975!,

Ledemeyer �972! demonstrated that some blood parameters of coho salmon

rmxined more normal" if placed in 3 ppt saltwater pri.or t.o handling,

However, Kirk �976! found that blood, lactate levels were not

slsnlftcantly different for channel catfish  Ictalurue ~unctatue!
recovering from hypoxia in fresh water and Q HaC1 solution. Miles et al.

  eu

Mm handling stress in fresh water and 7~ NaCl solution d.id not differ

in blood lactate. One possible beneficial effect of 5 a/liter NaCl ma.y be

an increase in osmotic pressure to a level nearly isotonic with fish

Mood> which lessens the osmoregulatory imbalances caused by stress.

In 1977, analysis of variance of data from the second factoriaL

mcperiment that incorporated new treatments  Fig. c ! indicated that
reduction in density of hauled fish, addition of salts, and season of

capture significantly � i0.05! affected, mortality  table 5 !, Reduction
of density of fish hauled to 60 g/1iter and late season transport

 August vs June! decreased. delayed mortality. The treatment "salts",

though significant, quired additional statistical treatment to determine

which of the 6 levels significantly affected. mortality. A Tukey's
all possible pair-wise comparison  Steel and Torrie 1960! revealed that a
.combina.ion of NaCl and CaCL2 had caused. significantly  p < 3,05!
greater mortal i ty f whereas HaCl al one was not dif f erent f rom contra 1 s
Fish which were exposed to the combined treatment of NaCl and, CaC12 were
Lacking iz mucous and represented the majority of all mortalities in
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TRANSPORTED FBOt'f SANDUSKY BAY ~ LAKE BISE ~ TO HATCHERY PONDS

IN AKRON, OHIO, SUNZRS OF 1976 and 1977 .

1976

Sign% f,
Level

P=O. 01$

P=O. 554

P=0.128

P=0.344

&0, 974

P=O.288

Sign<~.
Level

Treatment Treatment

Salts

Agitation

Density

Season

WO. 002

we.6&

P=0. 001

P=0.001

02

fl -222

Temperature control

Nalacihte green

Terramycin

+ delayed mortality vas depen"ent variable.
2 Complex variable having 6 levelst no salt, NaC1, CaC12,

Na2HPO4 g CaCl 2, and Na2HP04 combined., and l lalachite green

and terramycin combined.

TA3LE 5

RESULTS OF ANALYSIS OF VARIANCE ON THE EFFECTS OF SEVERAL KEATNBNTS, ADDED

TO 'IRANSPQRT TANKS, ON THE DELAYED MORTALITY OF FRESH1 ATZB DRUY,



this experiment. Apparently, this combination produces some type of
detergent reaction which dissolves the fishes skin mucous layer and
probably perpetuatee oemoregulatory imbalance.

Because the majority of mortalities were associated with the "salt"
treatment, it would be less likely that significant differences would be
recognised between other treatments and controls. The effect of season
was most likely associated with observed decreases in the seine catch
rather than tempoxal effects. Fewer fish crowded in the seine bag and.
later in the transport tanks would create less stress from muscular

activity and. hypoxia, thereby increasing survival. Harshen {f978!
measured variant.es associated with the seine capture process and. found
that the time drum spent in the commercial seine bag after it had. been
beached «as the moat important variable, This elapsed time had a hi.ghly
significant effect on later delayed mortality. The delayed. mortality
from these experiments was reported. as 27.5 k 2.W  Harma.n 1978!. Similarly,

Nitrner �969! found that net density was the most relevant factor

contrinutinS to mortality of crappie  pomoxis sp. ! captured in pound nets.

The failure of NaCl to improve survival may have resulted from an over-

riding tag effect which masked tzeatment effect  See tagging experiment!.
Delayed mortality of drum observed daily in ponds was greatest in the

first g days after stocking and ~as nearly total in 1 week {Fig. 9!. A
similar delayed morta1ity pattern was reported for chinook salmon smolts

.he water <uality measurements taken in the transport tanks before and

after f'sh hauls and the measurements of pond water q.uality H.d not reveal

any changes or conditions which wou1d be detrimental to fish survival. Fish

ccmmonly encounter wide variations in water quality in the natural environ-
ment.
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Figure 9. Mean,'5 immediate mortality and cumulative daily
delayed mortality of fresh~ter drum transported
~m Sandusky Bay, Lake Erie, to hatchery ponds
at Akron, Ohio, summer l977. Fish from individual
treatments ~ere combined..

3 4

DAYS AFTER STOCKtHG



There «ere definite problems associated «ith the delayed mortality

observations in this experiment. Typically, less than half of all the

drum which died floated. to the surface and. aquatic vegetation or algal

growth in the experimental ponds interferred with visual inspection and

-recovery, Animals also carried off carcasses from the pond edge. A

typical recovery rate is demonstrated by the September 1! � October 1, 1976
fish transportation experiments. A total of &0 drum were tagged and

stocked. in the t«o hatchery ponds, and. only 346 or 54.15 vere recovered

in daU.y mortality observations, 205  @.03,~! were unaccounted losses,

and. the remainder  89 fish! were fish surviving the t«o week holding period..

Stressor experiment. Results of the experiment to determine

which stressor had the greatest effect on delayed mortality are presented

in Table o and Fig. 10. Fish that were transported for 6 h and. fi.sh held

in ponds survived significantly  P <0.01! better than fish transferred

immediately to holding nets at the capture location. Capture is the

most important stressor affecting delayed mortality.

Harman �978! found that 63.Pjo' of the variation in delayed mortality

could be explained by the t«o capture variables, elapsed time in the

seine bag and season  catch size!. Blood analysis revealed significantly

higher lactic acid levels, lower pH, hard. in vivo hemolysis of blood cells

for drum which underwent simulated capture conditions  Harman 1978!.

0ther authors  Bouck and Ball 1966; Hattingh et a1. l974! support the

importance of capture as a stressing agent associated with mortality.

Lt «as not anticipe.ted that fish which «ere transported and. those fi-h

which were stocked. in ponds would. survive significantly better than

fish returned immedMtely to hold.ing nets neax the capture site. Xt is

Quite passible in Light of the beneficial effects of NaCl, that variable



TABLE

P~.DEPT IIygDIATE AND DELAYED MORTALITY OF FRWHVATEi DRUY. AFTER i~miSPC.~T

OR T."-.AlSFV TO 1,8"m NYLON NETS IN SAhDlSKY BA. AND BA".VIZV PCND,

ERIE COUNTY, OHIO, S~ 1977

DelayedXmmediatec

Rep. R ep. Rep, ep.

1 2 2DatesTreatment

Bay - not transported 7/6 7/13

Bay transported

Pond not transported

Pond transported

7/18 7/25 0 ~ 0 G. 0 76. 0 92. 0
O. 0 0.0 48. 0 70.4

0.0 0.0 73.7 40.9

4.3 4.2 45.5 43.5

Bay not transported 7/26 8/2
Bay transported

Pond not transported

Pond transported 0.0 0.0 33.0 11.5

0.0

0.0

0.0

O.G

1005 mortality due to faQ.ore of oxygen delivery system.
~ Replicate nets.

T~ediate mortality 6 h after capture.
d Delayed mortality after one week.

Bay not transported

Bay transported

Pond not transported

Pond transported

Bay not transported

Bay transported

Pond not transported

Pond transported

43 45 909 952

0.0 0 ~ 0 50.0 83.3

48 100 700 556

100 a 556 a

0.0 0, 0 32. 0 44.4

0,0 0,0 8.0 15.4

0. 0 0. 0 9.1 26.1

G.G 27.3 33 3

G.O 27.3 29 6

0.0 57.7 53.8

O,G 8.3 11.5



Figure 10. Mean $ delayed mortalities of freshwater drum held in
nylon holding nets in Sandusky Ba,y and Bayview Pond>
summer 1977. Means are represented by bars, and
standard deviations are shown as vertical lines
within bars. Fish that were not transported were
transferxed immediately to holding nets, and
transported fish were hau1ed 6 h and. then held,
All fish were he1d 1 week in nets.

sAYHOT TsANSP
BAY

HQT TRANSP
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exposure periods of fish to the 0.09~ HaCl treatment used for these

experiments vas responsible, in part, for better survival of transported

fish and. fMh stocked in the Bayview pond. Drum which had been transported

�-h exposure! and drum transported to the Bayviev pond. �-h exposure!

apparently received more benefit fram treatment than fish exposed only

20 minutes during transfer to holding nets near the capture site. The

mean ~~ delayed mortality for these experiments was 43.5 a i5, 3SD. As

shown by Harman �978! mortality decreased significantly from July 6 to

August 26, which is believed to be associated with the reduced seine

catches in the hater season.

Tas~ merriment. Lover delayed mortality vas observed for

drum held in nets during stressor experiments than for drum tagged. during

water treatment experiments. Table 7 presents data from the experiment

to test for tag effect on delayed mortality. Tagged drum had signif icantly

 P ~0.05! higher delayed mortality than did untagged controls. It is

hypothesized that the increased handling during tagging is the cause of

the mortality rather than physical daaage due to the tag itself.

Parker et al. �963! reviewed the long and short term effects of fish

marking on the mortality of fishes in particular salmonids. They

recommended that violent exercise should be minimized in the catching and

la~ng process and that exercise after capture, especially exposure to

air should. be avoided. They suggested, that "...additional mortality may

be due, in the short term, to the combined effects of wounding and.

fatigue". Since all fish vere tagged in the transport water expe Ments,

the significantly greater mortality of marked fish compared to unmarked

fish, should be somewhat randomly distributed as an overriding mortality

:actor. It would. seem that the effectof this overriding mor Mity factor
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TABLE 7

DELAY%! MORTALITY OF TAGGED AND UNTAGGED FRESHt"ATER DRUM TRANSFORMED FROM
SANDUS KY BAY y LAKE K ZE~ TO HATCHERY PONDS AT A CiON ~ OHIO y

AND HELD 1 >lKEK D' 1.8-m NYLON NETS, AUGUST 1977.2

Untame ged

P,ep Alive Dead Qlortality Alive Dead Q]ortalf.ty

11. 54230.0Eayviev

190.0

Akron

Signiticantly higher mortality, P ~0. 05.

1 27

2 25

25

2 25

26.67

V 85

14

2$

11

20

44. 00

4g, 48



«ould be to render small differences in treatment effect on mortality

unrecognizable. Treatments «hich vere significantly different under

such conditions «ould liJcely have been more highly significant had it

not been for un«anted tagging effects on mortality. Et «as not

anticipated that the handling involved in tagging drum to recognize

treatment «ould significantly increase short term mortality rates in light

of such "tressful conditions encountered in the seine capture process.

Apparently the additional stress of tagging further aggravates physiolcgical

imbalances initiated during capture prior to return to "normal" levels,

of'en exceeding physiological limitations «hich eventually cause death.



CONCLUSIONS AND RECOreZ~TZCNS

Delayed mortality of freshwater drum in stocked ponds could

held to a minimum  below 494! if commercial fish transporters utilize

the f'oU.owing simple methods and treatmentsi

l. Adequate oxygenationi agitators, compressed air
or bottled oxygen.

2 ~ Dechlorinated municipal water for transport.

3. A tank loading density of less than l20 gL of
f'ish, preferrably about 60 g/L.

Addition of common salt  Nacl! at the rate of O.g.
by weight to transport water.

5. Handling of drum should be kept to a minimum and
fish with redness in the skin should not be
selected for transport  %~ann 1978! ~

Commerica1 fishermen supplying drum f' or transport could employ

the following procedures to provide drum which will exhibit lo~er delayed,

mortality rates as stocked fishi

1. Reduce catch size during the peak catch periods
of mid June - mid. August by fishing the seine
without lead ropes or with short lead ropes
attached. to the seine wings.

2. Close the diameter of' the beached seine bag only
as necessary to hand capture fish, remove fish
from the seine bag as rapidly aa possible, and
minimize fish handling.

Use as much wellmereated and salt-treated water as
possible in transfer tubs from the seine to
hauling tanks.

4. Pump fresh water  portable submersible pump! from
outside the enclosure of the beached seine bag into
the bag enclosure to provide better oxygen levels
through increased water circulation.

Hold fish in large aereated. holding tanks treated
with NaCl for 24-48 br prior to sale to commercial
fish transporters which ~ould a11ow removal of' *
great percentage of fish experiencing delayed mo tality.



recommendations ~4 and. F45 are predictions based on the findi~s of

this esearch and their feasibility for application by commercial

fishermen should be further invest~ted. It Ls fully real.ized that some

of these recommendations to commercial fishermen such as pumping water

into t..e seine ~ and. ho3.ding fish in tanks for 24M hr would increase

costs and manpower requirements ~ However, the end result of such

practices could, be a substantial .increase in length of the present

seasonal market for live dry transport and a possible improvement in the

quality and. cuantity of szviving dr~ in stocked. pay-adonis. It i= quite

possible that the cost-benefit of such procedures would be such that an

economic gain could be realised by commercial fishermen, commercial fish

transporters, and private pay-pond. owners alike. If so, tM.s would be

one positive step toward increased. usage of this currently underutilized

speci s.

- 49�



LITERATURE CITED

Anonymous 2 952a Analysis and composition> Composition and, cold-storage
life of freshwater fish. Comm, Fish. Rev, 24�0!r 27.

Anonymous 19521 Analysis and composition~ Composition and. cold,-storage
life of freshwater fish. Comm. Fish. Rev. 24�!> 22,

Anonymous 1953 Analysis and compositiont Composition and cold-storage
life of freshwater fish. Comm. Fish. Rev. 15�! i 27.

Anonymous 2970 Supplement to Technical Report No. 3, commercial fish
production in the Great Lakes, 2867&960> covering the years from
2962&968. Great Lakes Fish. Comm.

Anonymous 1971 Great Lakes Fisheries, 2969. Commercial Fisheries
Statistics  CFS! N~ 5474, National Harine Fisheries Service
Vashington, D.C. 9p.

Anonymous 1972 Great Lakes Fisheries, 1970. Commercial Fisheries
Statistics  CFS! No. 5829, National Narine Fisheries Service,
Washington, D,C. 10p.

Anonymous 1973 Great Lakes Fisheries, annual summary 1971. Current
Fisheries Statistics  CFS! No. 6234, National Marine Fisheries
Service, Vaaklngton, D.C. 12p.

Anonymous 1974 Great Ia3tes fisheries annual ouuLmary 1972. Current
Fisheries Statistics  CFS! No. 6572, 2ational Marine Fisheries
Service, Washdng~n, D.C, 22p.

Anonymous 1975 Lake Erie commercial fish production. A special report
by the U.S. Fish and, Wildlife Service fax the annual meeting Image
Erie Committee, Great Lakes Fishery Commission.

Anonymous 1976 Commercfal f ish production from Lake Erie 2975. A
special report by the U,S. Fish and Wildlife Service prepared for
the annual meeting Lake Erie committee Great Lakes fishery commission.

Anonymous 1977 Fishery Statistics of the United States, 1974.
Statistics of the United States, 1974. Statistical digest No. 68,
National Narine Fisheries Service, washington, D.C. 424p.

Anonymous 1978 Commercial f ish landings Lake Erie 1977. Ohio
Dept. 'Nat-. Res. Publ. 2OO. 24p.

-50-



Bailey, Fi, M., J.Z. Fitch, E, S, Herald, E. A. Lachner, C. C. Lindsey,
C, R, Robins, and W ~ B. Scott 1970 A list of the common and
scientific names of fishes from the United. States and Ca,nada
�rd Edition!. Am. Fish. Soc. Spec. Pub. No. 6, Amez. Fish. Soc.,
Washington, D. Co y 150p.

Baker, C. T, Jr., D. L. Johnson, and H. R. Rawson f.976 Ohio's
annual Lake Erie Creel Census. Lake Erie Fishery Research Federal
Aid, Project F-35-R-15' 53pi

Baldwin, N. S. and R. M. Saalfeld 1962 Commercial fish production in
the Great Lakes, 1867-60. Gzeat Lakes Fish. Comm, Tech. Rep. 3il66p.

Baldwin, R. E ~, K. G. Sides, M. Cloninger, B. Korschgen, and J.
Robinson 1970 Palatability of' three species of fish and aroma of
water from sites on the Mississippi River. J. Food Sci. 35�!>
413-417.

Baldwin, R, E., K. G. Sides and. J. M. Robinson 1969 RelationsMp of'
size and. body area to the flavor and. aroma in fish
Fish. Soc. 98�!c 533-537.

Bangham, R. V. 1972 A resurvey of the fish parasites of western Lake
Erie. Bull. Ohio Biol. Survey 4�!t 1&0.

Bangham, R. V. and G. N. Hunter, IlI 1939 Studies on fish parasites
of Lake Erie. Distribution studies. Zoologies 24< 385-448.

Barney, R. L. 1926 The distribution of the dishwater sheepshead,
Aplodinotus grunniens Rafines~ue in respect to the glacial history

7 Ml-3&

Barr, J. J., J. H. Goodnight, J. P. Sall and. J. T. Helwig 1976 A
user's guide to SAS '76. SAS Institute, Inc., Raleigh, North
Carolina. 329p.

Benson, N. G. 1968 Review of fishery studies on Missouri River main
stem reservoi~. U. S, Fi"h. 1.'ildl. Ser. Res, Re~. 71. 61p.

Blac!;, E. C. 1955 Blood levels of' hemoglobin and lactic acid in some
freshwater fishes following exercise. J. Fish. Res. Bd. Can.
12' 917-929 '

Bouck, G. R. and R. C. Ball 1966 Influence of capture methods on blood
characteristics and mortality in the rainbow trout  Salmo gai dneri!.
Trans. Am. Fish. Soc. 95' 170-176.

Bowman, Edgaz' W, 1974 Lake Erie Bottom Trawl Explorations 1962A6.
NOAA Tech. 9ept. NMFS SSRF-674, 26p.

Branoon, B. A. 1961 The leech Placobdella ped.iculata Hemingway
parasitizing Aplodinotus grunn ens in a orna. Southwestern. Nat,
= >!i 53-

-51-



Brett, N. M ~ 1955 Stratification in western Lake Erie in unmer of 1953;
effects on the Hemgenia  Ephemeroptera! popula~ion. Ecology 36'
239-244.

Brown, C. J. D., 1971 Fishes of Nontana. Big Sky Books, Montana State
Univ., Bozeman, Nontana, 207p.

P. and H ~ H ~ Rowel 1 1 966 Depth di stribution of f 1 sh in lower
Vheeler Reservoir, A1abama. Jour, Tenn. Acad. Sci. 21> 4-9.

Burkett, R. D. and W. B. Jackson 1971 The eye lens as an age indicat<-
in freshwater. Amer. Midland Naturalist 85�!> 222-225.

Butler, R. L. 1965 Freshwater drum A lodinotus grunniens in the
navigational impoundments oi' the pper ss ssa~pp v'er. Trans.
Am ~ Fish. Soc. 94�!t 339-349 '

Butler, R. L. and L. L. Smith, Jr. 1950 The age and rate of growth of
the sheepshead, A odinotus iens Rafinesque, in the Upper
Mississippi River nav t on poo s. Trans. An. Fish. Soc. 79>
43-54.

Cady, E. R. 1945 Fish distribution, Norris Reservoir, Tennessee, 1943,
I. Depth distribution of fish in Norris Reservoir. Jour. Tenn. Acad. ~
Scin 20> 103-114m

Carr g J ~ F. and J . K. Hil tune n 1 965 Changes i n the bottom f auna of
western Lake Erie from 1930 to 1961. Limnol. Ocean. 10' 551-569,

Chavin, W. and J. E. Young 1970 Factors in the determination of normal
serum glucose levels of goldfish, Crassius auratus L. Comp. Biochem.
Physiol. 33~ 629-653.

Chittenden, Y.. E. Jr. 1971 Transporting and handling young American
shad. N. Y ~ Fish. Game J. 18~ 123-128.

Clemens, He P. The food of the burbot, Lota iota maculosa  LeSueur!, in
lake Erie. Trans. Am. Fish. Soc. 80' 56-KK

Collins, J. L. and A. H. Hulsey 1963 Hauling mortality of threadfin shad
reduced. «ith NS222 and salt. Prog. Fish. Cult. 25: 105-106.

Crites,'J. L. 1975 Impact of Philometra sp. on lake Erie fishes. Ohio
State University, D-J Project FFiWR-1. Final Report, 147p.

Cross, F. B. 1967 Handbook of the fishes of Kansas. Univ, Kansas Kus.
Nat. Hist. Miscle Publ. 45' 357p.

Cvancara, V. A., S ~ F. Stieber and B. A. Cvancara 1977 Summer temperature
tolerance of selected species of Kississippi River acclimated yo
of the year fishes. Comp. Biochem. Physiol. A. Comp. Physiol. 56� !>
81-85.

-52-



Daiber, F. C. 1950 The life history and ecology of the sheepshead,
Aplodinotus niens Rafinesgue, in western Lake Erie

S

Ds.iber, F. C. 1952 The f'ood and feeding relationships of the freshwater
drum g Apl odinotus gzunniens Raf inesq,ue in western Lake Erie . phio

Time.

Daibez, F. C. 1953 Notes on the spawning population of the fresh~ster
drum  A lodinotus iens Rafine~ue! in western Lake Erie, Amer
Midland Nat. ! i 59-

Davis, C. C. 1959 A planktonic fish egg from fresh water. Limnol,
Oc~og . 4�!i 352-355.

Degens, E. T., V. C. Deuser, and. R. L. Haedzich 1969 Molecular structure
and. composition of fish otoliths. Marine Biol.  Berlin! 2< 105-11" ~

J ~ S . 1 +5 F is h di str i buti on, Norz' is R es ervo ir, Tennessee, 1 943.
Xl. Depth distribution of fish in relation to enviornmental fa,ctors,
Norris Reservoi". Jour. Tenn. Acad.. Sci. 20> 114-135.

Dendy, J. S. 1946 Pood of several species of fish, Norris Reservoir,
Tennessee. Jour. Tenn. Acad. Sci. 21' 105-127.

DicRerman, E. E. 1948 On the life cycle and systematic position of the
aspidogastrid trematode, Cot lo ter occidentalis Nickerson, 1962.
Journ. ~it., +�!> 1

Doan, K. R. 1942 Some meteorological and limnological conditions as
factozs in the abundance of certain fishes in Lake Erie. Ecol.
Monographs 12> 293-314.

L. C. 1 968 Pest icide residue in freshwater f ish oils and meals.
J. Fish. Res. ~~ ~ Canada 25�!< 169-172.

Eddy, S. and K. D. Garlander 1942 Growth rate studies of Minnesota fish.
Minnesota Dept. Conser. {mimeo. !, 64p.

EdscLll f T ~ A ~ 1 967 3iol ogy of the freshwater drum in western Lake Erie ~
Ohio J. Sci. 67�!i ~-340.

Eley, R ~ L., N. E. Carter, and T. C. Dorris 1967 Physicochemical
limnology and related fish distribution of Keystone Reservoir.
p. 333-357 In Reservoir Committee of the Southern Division, American
Fisheries Society, C. E, Lane, Jr., chaizman. Reservoir Fishery
Resources Symposium. American Fisheries Society, ~ashingtoni D

Foell, E. J. 1974 The age and gro~h of freshwater drum {Aplodinotus

Thesis, ohn Carroll Univ. 95p.

-53-





Hubbs, Carl L. ~940 The cranium af a fr sh era,tez
p stgl c~ ~l i Cheb yg Co~ty, Mich18~- P P
Sci. Arts Letti $5g 293-f97.

Iv!.ev, V. S, 1961 Experimental ecology of the f~M~ af fishes. Y<e
Univ. Press, t'.ew Haven, Conn 30~

Jackson, S ~ V. Jr. 1957 Suiuhlry of three-year ~ag oemsus an L e
Eucha and Spavtnaw Lake, Oklahoma, with compass.sons of other
Oklahoma Heeervoixs. Proc. Okla. Acal. Sci

Jordan, David S, and, C. H, Eigenmann ]889 A revt.err of the Sciaenidae
of America and. Europe. U. S. commission Fis,h and. Fish. HePt. �886!
~ >4i App. a, �! I 34~51.

KRx? i ck $ Neva, V . Cl egg, and M ~ R . Stansby 1 A/5 COJR~s i tion of
fresh-water fish -- No. 1, Comm. Fish Hev. ~ 18 Z! i 13-16.

Keller, M. 1964 Lake Erie Sport Fishing Survey. O~o Dept. Rat. Besour.
Div. Vildl. Publ. I-316. Columbus, Ohio. 19p

Kiri, V. L. 1976 Effect of sodium chlozile on b1ood. dictate and PH «
channel catfish during recovery from hypoxia Prog- Fish Cult.
38< 48-50.

Klainert, S. J., P. E. Defuse and T. L ~ Mirth 1968 Occurence and
significance of DDT and Dieldrin residues ia V~ooaein fish. Vis.
Dep. Nat, Resour. Tech. lull. 4ii 1&3.

Krumholts, L. A. and H. S. Gavanah 1968 Comyazatkve morphometry of
freshwater drum from two midwestern localities. Trans, Amer, Fish
Soc. 97< 429441.

Krseczkowski, R. 1970 Feasibility of using Tenneae~ River fish for
fishery products. Fish. Ind. Bes. 6�!i 93-101.

~pais, T. H. 1954 The western end of Take Eric ~ it's ecology.
Edward Brothers Inc., Ann Arbor, Mich. 479p

Larmoyeux, J. D. 1951 Further investigation of M~ ~~ d growth of
~ iaaf' '

M. S. Thesis, Univ. Michigan. 2ip.

C. V., J. 9. McCo~ ~ 3. H. Non" 1977
to recLuce mortality of chinook salmon smarts

?ave, R. M. 1970 The chemical biology of fishes ~ A~~
New York. +7p.

- 55-



1974 Aspects of adaptation to hypoosmotic and hyperosmotic
environments. p. 2-167. in D. C. Ma Line and J, R. Sargent  eds.!
Biochemical and biophysicaZ perspectives in marine biology. Vol. 1 ~
Academic Press, London, N. Y.

Mz~&,f M " t F ~ Mzeaud and. E ~ M . Do nal ds on 1 977 Pr imary and
secondary effects of stress in fishi some new data with a general
review. Trans. Am. Fish. Soc. 206< 201-212.

McCazraher, D. B. 1971 Survival of some freshwater fishes in the
alkaline eutrophic waters of Nebraska. J. Fish. Res. 3rd. Canada.
28�1!i 2811-1814.

McLeod, L. 1953 Wisconsin's fresh water sheepshead. Wisconsin Conserv,
B~>. 28i 27-29.

Miles, H,, S. Loehner, D, Michaud, and S. Salivar 1974 Physiological
5

handling. Trans. Am, Fish. Soc. 103i 336~2.

955
Raf ~moue in four Dickinson County, Iowa, lakes. Proc. Iowa Acad.
Sci. 62~ ~598.

Hitzner, L. 1.969 Accidental mortality of crappie in pound nets fished.
for rough fish species. Proc. Zowa Aced. Sci. 76; 211-216.

Mounts, C. X. 1974 A, comparison of the characteristics of Ohio's pay
lake patrons and. free area fishermen. M. S. Thesis, Ohio State
Univ., Columbus, 71p.

bagel, M. 1976 New distributional records for piscico15.d leeches in
Oklahoma. J. Parasitol. 62�! i 4~95.

Nelson, W, R. 2974 Age, growth, and maturity of thriteen species of
fish from Lake Oahe during the early years of impoundment, 1963-68.
U. S. Fish. Wi3.dl. Serv, Tech. Pap. 77. 29p.

Relscn, W. R., R. K. Siefert, and D. V. Swedberq 1967 Studies of the
early life history of reservoir fishes, pp. 3'74-385 in Reservoir
fishery resources symposium. American Fisheries Society, Washington,
D. C.

Nichols, J. T. 1942 Representative North American freshwater fishes.
MacMillan Co., Hew York, 128p.

Norris, K. S., F. Brocato, F. Calandrino and. W. N. McFsrland 1960 A
survey of fish transportation methods and, eq,uipment. Calif. Fish
and Game 46: 5-33.

Parsons, J. W. 1971 Selective food, preferances of walleyes of the
1959 year class in Lake Erie. Trans. Am. Fish. Soc. 200> 474-485,

-56-



poor, D. D. S. 1973 Canova component analysis of variance including
multivariate analysis of' variance. Version 0.3. Measurement and
pesearch Center, Temple University, Philadelphia. 38p.

Price, J. W. 1963 A study of the food habits of some Lake Erie fish,
Bull. Ohio Biol. Survey 2�! t 1-89.

Priegel, G. R. 1965 Use of otoliths to determine length and weight of'
ancient fzeshwater drum in the Lake Winnebago area. Trans. Wis.
Acad. Sci. Arts Lett. 52' 27-35.

priegel, G. R. 1966 Early scale development in the freshwater drum,~ ~

A lodinotus grunniens Rafinesgue. Trans. Am, Fish. Soc. 95�!:
35- ~

Priegel, G, B. 1967 Food of the freshwater drum,
in Lake Winnebago, Wisconsin. Trans.. Am F's
218-220.

unniens,
� s

Priegel, G. R. 1969 Age and rate of growth of' the freshwater drum in
Lake Winnebago, Wisconsin. Trans. A!a, Fish. Soc., 98� j: 116-118.

Priegel, G, R. 1971 Evaluation of intensive f'reshws,ter drum zemoval in
Lake .. nnebago, Wisconsin, 1955-1966. Dept. Hat. Res. Wise. Tech.
Bull. 47. 29p.

Purkett, C. A., Jr. 1958 Growth of the f'ishes in the Salt River,
Missouri. Trans. Am. Fish. Soc. 87< 116-131.

Rafines~ue, C. S. 1819 Prodrome de 70 nouveaux genzes d animaux
de couverts dans 1'interieur des Ztats - Unis d'Amerigue durant
l'annee 1818. J. Physique, Paris, 88' 417-429.

Reutter, J. N., and C. E. Herdendorf 1975 Laboratory estimates of the
seasona1 final temperature preferenda of some Lake Zrie fish.
Proc. Conf. Creat Lakes Res. 17> 59-67.

Beutter, J. K., and C. Z. Herdend,orf' 1976 Thermal discharge from a
nucleaz' power plants Predicted effects on Lake Erie fish. Ohio J.
Sci ~ 76�!c 39&5.

Both, R. R. 1972 Some factors contributing to the development of' f'ungus
infection in freshwater fish. J. Wildl. Dis. 8i 24-28.

Schneider, H. 1962 Zhe labyrinth of two species of drumfish
 Sciaenidae!. Copeia, 2c 336-338.

Schneider, H. and A. D. Hasler 1960 Lauteund Lauterzeugung beim
Suszwassertrommler A lodinotus iens. R.  Sciaenidae, Pices!.
Zeitschr. vergl. Phys o .

- 57-

Rickez, W. E. and K. F. Lagler 1942 The growth of' spiny-rayed fishes in
Foots Pond. Invest. Indiana Lakes and Streams 2�! > 85-97.



Schoffman, R. J. 1941 Age and growth of the drum in Reelfoot Lake.
Journ. Tenn. Acad.. Sci. 16�!s 100-110.

Schoffman, R. J. 1969 Summary of age and rate of growth of fish in
Reelfoot Lake. J. Tenn. Acad. Sci. 44�!c 2-3.

Scott, W. B. and E. J. Crossman 1973 Freshwater fishes of Canada.
Bull, Fish. Res. Bd. Canada 184i 966p.

9%
~>iens. Can. Field-Natur. 66�! s 89.

Smith, C. L. 1954 Pleistocene fishes of the Bere+is Fauna of Beaver
County, Oklahoma. Copeia 4I 282-289.

Soivio, A. and A. Oikari 1976 Haematological effects of stress on a
teleost, Zsox lucius L. J. Fish. Biol. Si 397~12.

Spall, R. D. 1968 The parasitic helminths of fishes from Lake Carl
Blackwell, Oklahoma. Proc. Okla. Acad. Sci. 49' 91-99.

Steel. R. G. D. and J. H. Torrie 1960 Principles and procedures of
statistics. McCraw-Hill Inc., New York. 48ip.

Stevens, E. D. 2968 The effect of exercise on the distribution of
blood to various organs in rainbow trout. Comp. Biochem. Physiol.
25! 62~25.

Stone, W. E. 1975 The development of fish stick products utilisirg Lake
Erie drum. N. S. Thesis, Ohio State University, Columbus. 59p.

Strange, R. J., C. B. Schreck and. J. T. Golden 1977 Corticoid stress
responses to handling and temperature in salmonids, Trans. Am.
Fish. Soc. 206< 223-228.

Swedberg, D. V. 1965 Age and rate of growth of freshwater drum, Lewis
and Clark Iake, Missouri River. Proc. S. D. Acad.. Sci. 44> 160-168.

Swedberg, D. V. 1966 Foods taken by freshwater drum. Prog. Fish. Cult
28�!i 192.

Swedberg, D. V. 1968 Food, and growth of the freshwater drum in Lewis
and Clark Lake, South Dakota. Trans. Am. Fish. Soc. 97�!: 442-447.

Swedberg, D. V. and C. H. Walburg 1970 Spawning and Early Life History
of the Freshwater Drum in Lewis and Clark Lake, Missouri River.
Trans. Am. Fish. Soc. 99�!x 560-570.

Thurston, C. E., N. E. Stansby, N ~ L. Karrick, D. Niyauchi, and. W. C. Clegg
1958 Composition of certain species of freshwater fish. II,
Comparative data for 21 species of lake and river fish. Food. Res.
24�!i 493-502.



Trautman, N. B. 1957 The fishes of Ohio. Ohio State University Press
Columbus, Ohio. 683p.

Van Heter, H. D. 1973 Unharvested fishes in the U. S. commerical fishery
of western Lake Erie in 1969. NQAA Tech. Rept. NMFS, SSRF~70,

Van Oosten, J. 1938 .he age and growth of the Lake Erie sheepshead,
""

Arts and Let, 23' 51-668.

Vendeland, C. B, 1968 A survey of the helminth parasites of the

Bass Island region of western e Wie. 8, S. Thesis, Ohio State
University> 86p.

Wedemeyer, G. 1970 The role of stress in the disease resistance of
fishes. p. 30-35. in S. F. Snieszko  ed.! A symposium on diseases
of fishes and shellfishes. Am. Fish. Soc. Spec. Publ. No. 5,
Washington, D. C.

Wedemeyer, G. 1972 Some physiological consequences of hand1ing stress
"  ~

 Salmc ~lrdneri!. J. Fish. hes. hh. Can. 29' i780-1783.

Whitaker, J. O., Jr, 1975 Foods of' some fishes from the WhI.te River
at Petersburg, Indiana. Proc. Indiana Acad. Sci. 84' 491-499.

lt'hitaker, J. 0 ~, Jr. and R. A ~ Schlueter 1975 Occurrence of the
crustacean parasite, hernaea ~crinacea, on fishes fros the white
River at Petersburg, Indiana. Am. ÃIdl. Nat. 93�!: 446&50.

Wirth, T. L. 1958 eke Winnebago freshwater drum. Wisconsin Cons.
Bull. 23�! i 2-3.

Witt, A., Jr. 1960 Length and +eight of ancient greshwater drum.

middens. Copeia 1 0�! g 282-185.

Wolfert, D. R., Wolf-Dieter N. Busch, and H. D. Van Neter 2978 Seasonal
abundance of' fish in an inshore area of southcentral Lake Erieo
2974-75. Administrative report of the Great Lakes Fishmy Mborat>rye
U.S. Fish and Wildlife Service, Sandusky Biological Station.

Wzenn, We B. Life history asPects of smallznouth buffalo and freshwater
drum M Wheeler Reservoir, Alabama. Proc. 22nd Ann. Conf. South-
eastern Assoc. Game and Fish Comm. p. 479-495.

Original sou=ce not consulted.

- 59-


