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The paraaitlc chestnut laprey ls uniqu.ly abundant in the Han1atoo 

River syat• of the Lower Peninsula of Mlchisan. lta abundance a.w para• 

st tic habits have prompted this inveatigattcm, which is designed to (1) 

identify the factors related to l ts high population level, (2) appraise 

th• relationship of the chestnut lanprey to the trout population_ with 

consideration of lemprey control, and (3) supply data on the baste life 

history aod ecology of the three native hmpreys of the watershed:cheatnut, 

nortbam brook, and /aerican brook. 

'l1le chestnut laaprey is present in all the major river systems in the 

western Lower Peninsula, but seaas most abundant ln the forty miles of 

the upper Maniittee between Dewud and -.>heron. Larval chestnut 18Dlpreys 

were most common in the uin stream about in the middle of this area; 

they were seldom found in the tributaries. Data from electric shocking 

end quadrat sampling indicate that both population density and size 

distribution of larval lampreys uy be correlate.;i with particle stae of 

the uubstrate. 

Faw adult chestnut lanpraya could be collected with the shocker, but 

about ,O percent of the legal•aiaed trout collecte.i bore lamprey scars. 

The use of baited traps 1$ pl&uwd t.o develop more accurate information 

on population denoity, movemGQt, and rate of feeding of the adults tn 

the stren. 



Adult 1-,re,• war• allowed to INCi on trout in an aquan•. Of a 
tnut (6.8 to t.4 lnchea lona) ued in the experiaent, 5 were ldlled aa 

a ruult of tram l to 7 a9Parat• attacka by 6 laapny• (S.O to 8.6 lncbea 

lona). One trout vaa not fed upon and 2 ell.eel &ca other caueu. 

No deelelon la yet poaelble on tlae dealrablllty and feaalbtllty of 

att..,tlna to control th• chutnut 1...--, ln the Mmtet .. River. ?be 

ext ... lve p-ouftd veter contribution to the atr .. would complicate tbe 

operation, and the coat would be hip. 



ComittN: 

PIILDlltual' Stu.DIBS 01t 'l'RI BIOLOCY 

OF NATIR HlallCAII UNPU'f S 

., 
Jau D. Ball 

A 'l'IIBSIS 

Sulldtttld to the Horace B. llackh• School 

of Ol'aduate StUIU• of 'l'be Un1ver•1'7 of 

Mtcbipn la partial fulfillalnt of tla• 

Nflllil'RIIIU foa- the degree of 

NMUR or SCURCI IN nsuaus 

Deparment of ftalael't• 

1960 

Prof. Karl r. Leal•, Chatman 

Dr. Gel'alcl '• Cooper 



1 • grateful for financial support provided by a sraduate fellow

ship from the lnatltute for n.shert• Research, Kichtgao Conservation 

Oepartment, through lte Of.rector, Dr. Gerald P. Cooper. ar. Cooper re• 

viewed the entire manuacrlpt and IUde 1NffY auggeatlons. $pec1al 

acknowledplent ia due Dr. ~1 F. Lagler, chairman of my doctoral com

aalttee, for hta invaluable guidance and helpful susaeationa for tcaprove

ment of the IDllftUScrlpt. The other maabera of my doctoral canmi.ttee, ors. 

J. E. Bardach, F. c. Evans, and :.;. A. Grahaa, 341V• generously of their 

time and knowledge. l • parttcularl7 grateful for the help and 

fac:tlttiea provided by or. L. N • .Allison and Mr. a. o. EQael at the 

Grayling :itete Fish Hatchery. Ora. Robert c. Ball, Frank F. Hooper and 

u. w. Hayne offered valuable suggestions. Dr'. J. ''• &ffett, Oirector, 

and his staff of the ntological Laboratory, u. s. Bureau of Coonerclal 

nshed.ea, were most helpful. Finally, l wish to acknowledge the arac.ioua 

and cal'eful asst.stance of lfll/ wife, Bonnie. 

u. 



ACl1IIOW'.Lll>ONTS • • • • • • • •• • ••••• • • • • • • 

LIST O'I TABLXS • • • • • • • • • • • • • • • • • • • • • 

• • • • • • • • • ••• • • • • 

IN'tlODUCl'lO!I • • • • • • • • • • • • • • • • • • • • • • 

Taoaalllt' of the IAlprtly• · 
Life Htatoc, and £colqy 
O.Cription of the Stuicl1 Ar .. 

DlSftllU'flON MD ABUNDANCE • • • • • • • • • • • • • • • 

Larval Stage 
General dlatributf.on 
The 111erohabttat of larval lampHJ• 
Experillmtal ana1Ja1a of factora alfecttag 

habitat .selection 
Adult l : r-,s 

Ceoeral cU.•trlbuUaa 111 the riv• •Jet• 
AIMmclance 

• • • • • • • • • • • • • • • • • • • • 

Larv&l Stap 
Qeneral deac:rtpltoa of food 
Metbocl of feedina 

Mult La.preys 
food of the ch•tnut lapN)' 
Aquaiuaa f..U..q ..,_.iMncs 

GEIIEIAL DISCUSSION MID CONa.USIONS. • • • • • • • • • • • 

• • • • • • • • • • • • • • • • • • • • • • • • 

• 0 • • • • • • • • • • • • • • • • • • • • 

iU. 

Page 

11 

iv 

lv 

1 

a 

32 

34 

36 



LIST or TABLES 

table Page 

1. Collectlona of l.allpr41)' MaocoetN froa the Hantetee 
River s:,st• Made vtth an Electric Shocker, 1958• 
19S9 • • • • • • • • • • • • • • • • • • • • • • • • 9 

2. Collections of Lawpr-, ltDl,coatea &oal the Maniat" 
River Made with a square-foot Sampler, 1959. • • • • 18 

J. Collecttou of Adult ~91• fraa tbe MenlatN 
tiftl' syst• Made vi.th an Electrie Shocker, 19S8-
l9S9 • • • • • • • • • • • • • • • • • • • • • • • • 20 

4. Collectiou of Pleb fraa the ManistN River Sy•t• 
Made VS.th an Electn.c Shocker, 1959, Shoving tbabers 
Scarred bJ Laapreye • • • • • • • • • • • • • • • • • 24 

LIST or DJ.USTP.A?ION'i 

1. Map of the Upper Maniet• River :iyst• • • 

i. Dtlricu Used in Quadrat s-.,llng ••••• 

• • • • • 

• • • • • 

3. Relationship between Weight of Trout Used tn Aquarium 
feeding kpertmente and Laapn,•feecling Time Requlnd 

Page 

s 
16 

to JC111. • a • • • • • • • • • • • • • • • • • • • • 28 

iv 



The abundance of the parasitic chestnut laaprey in the Upe>er Maru.Gtee 

River of Michigan presents a probl• which la both unique md challenging. 

'l'h1• lamprey occurs throughout a wlde geographical range in the United 

Stat• and Canada, yet nowhere ts reported to attain the population den~i

tiea observed in Michigan. ~-lithin this atate, however, there are aub• 

stantf.al local differences in 1to abundance. the chestnut laaprey occurs 

ln all the major drainages in the wutern half of the Lover Peninaula, 

wt f.s •et abundant to the upper Manistee !liver, where trout bearing 

either 1..,re:,a or freab acara are often taken by anglers. 

what factors allow the species to attain its unusual population 

level ln the Manistee ru.ver? What effect baa the lamprey on tho resident 

g ... fish population? What is the role of native laapreya in the ec~ 

of a atr-? t.Jbat wtll be the effect of the removal of the native apecie:.:. 

by the extensive sea lamprey control p~t.m of the t;. :; . Fish and Wlld• 

Ufe Service? ls laaprey control in the Manistee desirable ar.d fea13ible '? 

Tbeae and othel' queotions have prompted the current 1-~•:astigation .. 

With the exception of the excellent taxonomic l'eviaion of the genus 

by Hubba and Trautaan (1937) and the investigations of crave (19:t:l, 

Institute for fi3hertea Qeaearch MJ. Report No. S48; 19591 i:. F. n. ~. 

Report No. 1SS8), veey little has been recorded on the chestnut lampreJ. 

Mt study, begun tn 1959, iG designed to identify the factors related to 

the high chestnut lamprey population level; appi-aise the relationship 

of the lapl'ey to the trout population in the Manistee, with coru;idere.

tion of lmprey control; and supply data on the basic life hf.;3toey 

1 



and ecolos, of the three native laapreya of the vatershed••che::ltnut, 

oertbern brook, and Med.can brook. The investigation ls organ!2ed 

into tbr .. ujor division&: (1) d1atri.button end abuodance, (2) food 

and fMdtoa, and (3) growth and aurvtval. The first two of these clivic> 

stone are reported on tn the present progrua report, llhtch s\la1MSl'izes 

infomat1on obtaf.Md ln the allfflll9' of 19S9 and pi-eaenta an outline of 

further work. 

Taxogcgr !!f .t\! W!2t!Y.! 

Hubba and Trautman (1937) treated alx species of IchtbY,gJ&~ three 

paruf.tf.c and c11r .. non•peraaitic. subs-aueatly an ad.dltf.onal specie!J 

waa deacdlaecl by Rane:, (1952). '11le adults of these seven species can 

b4I diat1nct17 aep•ated by extemal characters. Identification of their 

larvae ta presently uncertain, hovwer. 

the pattern of external mid internal pi~tat1on is used to J!Gtin• 

guisb the larvae of eastem IINncan laapreya vf.tb two doi-sal fina, 

ie-tti:11 and PetroawlJm (Vladykov, 1950 and 1960). ~.1kewise, dbout one

half of the large lavae (longer than 70 m) of!• caatanma Md l• jos3or 

fl'OIII th• Manistee River appear to be separable on the basis of pignienta• 

tion of the latval line organs and tail (Crowe, 1959 :1>., supported by 

my lat• work) • 

In January 1960 I aent a sertes of 116 tchthYqg,!2n lar~ ·ae from the 

Manistee River to or. Var.iial D. Vlad.ykov .. He found some typical fol"G::l of 

both!• ca&tf!ll!I!!, end!• fesor, but noted (per~onal coawntcation) that 

''there _.. apparently present $CIM • intem~-dtate' tipoctmens. ' ' Ue felt 

that they could be satbfactori.ly separated after internal exauination of 

pia-ntatlon of the peritonowa and p1:eeunor of the tongue. The rGUultl3 

of that aat.nation have not yet bean received (July 1900). 
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Y1! H&atory !!14 !s,c)_jJ.!&t 

The llfa history and ecology of the chestmat lamprey have received 

brief mention 1n taxonomic and diatributiOR&l. atudtes by Gudgei- (1930), 

Hubb8 and Trautman (1937), bapp (1951), Hall and Ml>ore (1954), and &Uey 

(1959). 1be Ufa history of the northern brook laaprey has been more 

extenaively inveatigate<l (lleigbard and Cummins, 1916; ackelberg, l92l; 

Leach, 1940; ChurchUl, 1947 i and Vladykov., 1949). Brtaf studies on other 

native species have concerned {cbtg99z~ grnlwi (aeney, 1939), !• as,ei 

(Dendy and Scott, 1953), 4!!2!tra 2lan•~ (Schult&, 1930), and ~ • .!!mYJ?ter._.! 

(severamith, 1953). 

Lalprey U.fe history tnveaUsattona in North /aerica date to the 

p1onaertng studies of Gage (18931 19l8) on Petrog,~ Wf,ffll;! and ~!;[a 

!a:aotte1. Work on lamprey biology baa re~eived conai<lerable capbaais in 

recent years due to invasion of the Great Lakes region by che sea lamprey 

and the consequent decline ln the lake trout population there (e.g., Apple,. 

gate, 1950; Willey, 1959). 

~crtption .!! SQ.! ;;i.tm ~r9a 

11le Manistee River is the northernmost of five large rivers which 

drain the western half of the Lower Peninsula of Michigan. Its drainage 

basin, slightly over 100 mf.lea long, covera an area of some 1, 700 sq~ 

mt.lea. The 'l"lver originates in several small lakes tn a glacial outmwh 

plain near the Otaego•.Antrlm county linea., about twenty miles northwest of 

Gra,U.ng (Pig. 1). lt flow southwesterly through this plain and m1pties 

into Lake Michigan near the city of Man1$tee. (U • .:>. House of tu,preaenta• 

ttvea, 1931.) 
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ftaun 1. •-Nap of tba upper Nlllll•c• ••• .,.,.., 

...,_Bl loutln of ...,1,111 euttou. (IINllfl.S tr. 

CNN, l9St m.) 
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The Manistee liver bas the most stable flow of --, major :ltream 

ta Michigan and is mraong the most stable in the L'nited ;catea (Pet• 

t1tl,li11, Irater; personal connunicattons). The u. s. Geological 

.iurvay operates a stream gauging e1tation on the river near the bridge 

at highway M•7l (appro:dmately midway in the length of my sapling 

area) • According to records which date fna 1942 to 1957, the ma:waum 

flow at th1a station bas bNn 354 cfs (cubic feet per second); the 

s. Geological survey, 

1959). Approximate bue-flow measurements, taken on August zs, 19541 

wer•: upper end of sanpUng area, near Deuard, 66 cfs 1 bridge at 

M-721 173 cfs; Lower end of the sanpU.ng area, Just downstream froQ 

the iaouth of the North »ranch of the Mmaietoe. 343 cfs (U. ~. 

Geological ~urvey, 19S7). 

The Manistee watershed was once fore:ated with a stand of high 

gTade wlte and red pine. Most of these troes were harvested between 

1870 end 190S, and the lop were floated downriver. '11le skidding of 

logs over the steep oand banks apparently resulted in accelerated 

erosion of sand into the river. /1,long with hank erosion, extensive 

fires denuded the land. Although it 1s difficult to reconstruct the 

fire history ln detail, it appears that larse fires burned nearly 

every year in at least some areas of the drainage basin until about 

1920. the fires caused incraaaed erosion into the river and allowed 

eotabltshment of the present stands of jack pine and aspen. (U • . ) . 

lb.as• of Representatives, 1931, u. ;;;. Forest service, 1951.) 

t-llc:h available twidence indicatea that the grsyting was the St>le 

species of same fish in the river prior eo 1850 (~ley, 1933; Nuhbs 

and Lagl•, 1958). lf ao, here the brook, b;,'.'l:)~.m, and rainbow trouts 
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have "invaded'' the habitat of the native lamprey, an interesting 

contrut to the sea larapr-., lnvaaton of the Great Lakes. It 1a 

poaslbl• that the relationship betwen the chestnut laaprcy and 

the trout in the Manistee River baa not yet reached the dynamic 

equiUbrlum vldc:b llipt be expected evCttually (Odum, 19S9). 



Buller atucliea indicate that the relative abundance of the chest• 

nut lanpr-, vari~ conaiderably fram year to y8'11' and place to place 

in th• upper Manistee River (~owe, l9S9 M.S.). One objective of the 

present etudy ls to determine why thiu :ls so. Both field and labora

tory observauona are planned, but ao far only field date have been 

s•thend. Eaphasts to date hu been on dlatribution of larvae. 

Larval ;itW 

c..perel dlstribution 

Crowe (2,2. cit.) made fish colloeticms with• 220-volt D. c. 

electric abocker at thirty sta·tf.ons in tM ManistN River system 

&am ~eptaaber 19•l61 1958. ;;ampling VM repeated at nine of these 

atatlona &oa August S•U, 19S9 by the wrlter and a crew headed by 

E. E. 1-cbulta. 'l'be repeat stations were selected to include the 

•• ,-,.hel'e the chestnut lampr41Y was cCJaROnly found :ln the earlier 

aanplina. 

The 1"3tlo of J.!rhthYgao,q to Lg,etra f.n the cc,llections at 

each station was generally the aame for the tw years, although 

coaslatently more lampreys were taken f.n 1959 (Table 1). More were 

collected in 1959 pl'Obably because anphasi~ was placed on intensive 

collectton of larval lcapreys 1n that yeu. 

Previous work (Cooper, Shetcer, cw Hsyna• 19.59, I. ,. n. ~ti. 

Rept. No. .1S77) has shown that the catch per hour of fish taken by 

a shocker la not a. good 1ndc of population derwity. ~>hocker 

s 



Table 1. --?laber of lamprey IIIICY"Mtes (older than YOUD& of the :,ear) collected per ~ vlth an 
electric abodcer fnm the MIIDJ.atee River syat-, sept...,_. 19-a6, 1958 and August s-12, 1959. 

(1958 dat.a from Crow, 1959 NS.) 

lchtlmPraoo (both a-peclN) 

s-tatlon .,. 
1 1 

J.eepetra lwttei ~ .. o,ta . aiyae ________ ---====:..;;-=;:;-:;;;. 
1958 19S9 1958 19S9 19S8 1959 

3 

s 
10 

11 

l~ 

13~ 

lS 

18 

J.4 

48 

133 

146 

l65 

96 

28 

ll6 

J.88 

13J. 

121 

ll5 

418 

317 

420 

68 

453 

178 

117 

Totals 11 l6~ J1 117 

48 

128 

ll8 

165 

58 

J.4 

90 

. .!16 

l~O 

121 

217 

3lS 

198 

305 

6.l 

173 

119 

104 

977 11 6:l4 
- LIU ""4 - il'rr _.,..__ ___________ _ 

0 

5 

18 

0 

8 

93 

100 119 

38 115 

4 

36 

1l 

ti 

6 

80 

S9 

13 

~85 493 

Peremtage of I. caat~ !• fo:i~~~ 
total larv!f - -.,-~ 

19S8 1959 19S8 1958 

••• • •• 

3.8 3.6 

12.3 l2.l 

37.7 37.S 

39.6 l.7.4 

14.3 8.8 

l8.6 31.6 

25.0 33.1 

9.1 11.1 

,,.6 .t:3.3 

0 

5 

11 

65 

17 

;l 

11 

is 
3 

145 

0 

0 

7 

3S 

tl 

'J. 

19 

11 

s 

100 - - -~----.... -- --··-
1 
'v All stations m:cept three tn 1958 were shocked for 60 mioutes. Theo.le were: ?:b. 13 (30 minutes), 

No. 18 (30 minutes), and No. J.4 (40 minutes). 

'-6- Tentative identifications of 1£h~~gn (by Crowe) are given foi- 1958 t.o show the a1-.l1r~imate 
number of oach ;;pee!oo. 

3 
~ Portage Creek. 

'° 
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efficiency ta affected by vator conditions and experience of personnel. 

l believe the problem is aeceotuated in shocking for lanpreys. Larvae 

continue to emerge &om the substrate throughout aeveral mnutes of 

shocklng over • very amall area. 'lbw the perceneese of larvae recov• 

ered will vary according to the rate of travel o.f the individual with 

the electrode. Also, lapny larvae are less paralyzed by the electric

ity and are more difficult to retrieve, being o.maller than most otber 

streau fisbea. 

Tbe data from the two years are hardly cocuparable because of the 

different emphasis on species being collected. Even witb1a the alngle 

year of my study (1959) different collectors wei-e tnvolveci at vm:-iou.s 

stations, introducing acme variobf.11.ty. Until it ts possible to !.oo

late small areas and shock than completely, the present data are tho 

best available for analysts of gene~al diatribU-tion. 

The statistic ubich I believe potentially least in biaa is the 

i-atio of .lcJl.t.lm,gr~J! to !d!!e.C!.tra. As stated ebove, although abundance 

of laapreys (all species combined) in the river may have changed ho"" 

tween 19S8 and 19591 this ratio r&'Mlinoo fairly constant at each 

station. 

There is clearly a concentration of ,tcb~ both ln 

percantage and total numbers, in the area of jtations 11 and ll, 

where the gradient is low. A po-.stble ~pla..,at.ton for this conea

tratlon could be that the most suitable spawning areaa lie ju.st above. 

Dowstr•• movement of larvae (Stauffer and P.anaen, 1958, I. F. R. fb. 

Rept. No. 1S35) would carry them into this area. A.sstning ~mstl'Gall 

m:lsratton and the location of major spawning areaa upstrea from 
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Stations 11 and ll, the average length of larvae should increase 

proareaalvely downstrea. fll• averas• length of larvae collec:tod 

at Station 10 was leas than at aay other station. These asaumptiona 

could be misleading, howw_., if tbero is a relationabip bettJeen 

larval length and substrate preference. 'Ihe abundance of small 

larvae at Station 10 could be due to a prevalence of preferred 

habitat. ;;,pawning of!• ~aat@!8!!! has not been observed in the 

Mani.st .. River. 

In Crowe' a aur'7ey of 19S8, exten.oive collecting effort wM ude 

on the tributaries of tho main river, but very few larval lchtbyg"9!_! 

were taken. At 11 otatf.ODS on 6 tributaries, the now of 'Which vartea 

from 1.9 to 30 cfs, 145 larv .. were collected. Only 18 of these were 

,IchthYaaw,sm (lS from one station). Two vere tentatively identified 

a!• ppt~. There are very few ~!ththYgson larvae in Portage 

Creek (Ftg. 1), which appears to be aw.table lampre-J habitat in all 

physical rupects. '11lere have been local reports of ! ;};_fjJ:YOU!Y!on 

sp4'«ling in Goose Ct-eek (Fig. 1), but these are unsubstantiated. 

Possible reasona why IchthYoafnon io rare in 8111811 streias are: 

(1) vatw temperature Gt spawning time may be unfavorable, (2) 

spawnerG may prefer large atreaas, or (3) hatchltngs may migraLe 

fftll:l'I the tributaries very rapidly. f..vidence that a rather narrow 

range of tmperature is required for survival to batching of sea 

laaprey eggs (Piavis, in press) may support; the first explanation. 

l'A! !!!,croybf. tat !?.( larv4 l9!rn;s 

Field collections made by electric shocking on the Manistee River 

during 1959 gave data for tentative conclusions on the r:d.crodistribution 
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of larval lanpreyo. Occurrence of larvae vas not random and seemed 

to be importantly affecttKI by the nature of the subatrate (as gbow,n 

for aquatic S.naects by Lauf f and Cumins, unpublished data) .. In 

gencal, areas of moderate current (abovt one to tw., feet per :second) 

with• stable bottom held lug .. t mabera of emw,c"etes. Specifically, 

•light luD>ck areas of ruaonably firm sand ad silt, supporti.ng a 

light grovth of Chara and lyina on the inside of a bend in the riv~, 

seaecl ••t suitable. Areas with aach black aack and silt produced 

good mabera of luvae only when cbia soil type waa eon.aolidated and 

supported • rather dense stand of Cb@:• or other vegetation. Appar• 

ently there is a difference betWNn the habitat preference of larvae 

of the ••• lamprey and natiw lampreys. ,l\pplegate (1950) noted that 

the aea l1111Prey prefers unccmsoU.datoo black muck material in back• 

waters. Lapreya were seldom found in the Mani~tee in area of 

slack water, eitbff in the extensive qui et side channels or in 

eddiu. 

Si•• of lanae alao appeared to be correlated vith type of aub

strate, Moat am.all larvae were collected fl:'Ollll ff.rut sand, and many 

of the large OftOS from muck or silt f.n vaeJ beds. ~11 larvae 

s....S more reatrictod in this regard tb4n lar3a ones. Thia apparent 

difference in $Ubotratca preference by larvae of different strati may 

be related to the inability to construct ~ maintain a bun-ow. 

Poeaibly only the luger larvae can produce enough tDUCUS to maintain 

a burrow in the soft sedtmnts (Newtb, 1930). 

A quadrat sa,pU.ng progr• vu employed few quantitative prect.rdon 

in analy■f.na patterns of local dlatrtbuti un and mlc:rohabitat. In tbe 
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G\IBU' of 1959 aever•l methods of saapUng vere cried in an effort to 

develop a suitable one. 

!f!tJpla.••Oo the basis of crave• s 1953 survey data, • section of 

the river from Oeward to Sharon wu chosen as the aampllog area. A 

map vaa traced &ca aerial photographs (ecalo: 8 inches• 1 mile). 

Miles were marked off with a aap taeaGurer beg1Ming at the confluence 

of the North Branch of the Manistee River just below ::iharon and 

pTOCeedtng upstream to a point juet above l>eward, a distance of 44 

ruilea b., river.. Eleven atatlcms, each 110 yards long, were selected 

in tbe following manner. Each 4-ad.le section was divided into 64 

stxteenth-..naUe areas and random numbers were chosen (Dixon and Massey, 

1951) to select one sampling area Within each section. The order in 

time of s,nplf.ng these eleven areas during the s\Sl'Nr was aho chosen 

r.-domly (although saapling waa completed ~t only three areas). with 

tbe aid of the large-scale photooraphs and because of th~ generally 

accessible nature of the atrem, 1 could easily locate these ~ampling 

areas from the ground. 

'11lree methods were used to select aampling sites within the 

areaa. At the first area (A) aa,pltng sites were placed in a sf.Qple 

random arranganent. The streaa bed of the area was mapped roughly 

vltb a chain and band compass, horizontal and vertical coordinat~ 

were assigned on the aap, and numbera chosen from a table of random 

numbers were uaed to lo'letermine the uooNinateY of -.ch sampling site. 

tb• next method, attempteJ at area. a, was locetion by rand0E11 

transect. Random numbers were wed to locate end points of the 

transect line on either bank of the stre.\ml and to position sampling 

altea along the ltne from the •.1eat banlt. j &m!.)ling aites closer 
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toa•ther than four feet were rejected due to dietul'bence of the 

adjacent aampU.ng area. 

A third method wu tuted at an additional area •elected 

arbitrarily and designated c. Here, sapling 91tes were subjec

tively selected for apparent ease and effoctlvenesa of sampling. 

the aapllng dav1ce used throughout wa an open-ended square

foot ltox of galvaniaed fitNl, 3 feet high (rtg. ,) and similar to 

that described t,y Needb.a (1928). The box wu driven into the 

substrate to a sufficient depth (usually not less than 12 inches) 

to produce a tight seal which would bold when the water within the 

aapler was rC1DOVed. A aa111ple of the substrate 6 inches deep and 

1 1/J. lnchea in diameter vaa taken from the center of the quadrat 

With• i,iston core sampler (Fla.,). The aaaple was preaerved in 

10 percent formalin for later analysis. The substrate wu then 

scooped out of the saapler to a depth of 6 inches with a arull scap 

net. The material waa transfened to a 16-mesb screen and washed. 

All organism wre preserved in 10 percent formalin. Prior to 

sampling, current velocity waa aeuured with a 'PJIJll'I current 1aeter 

loaned by the u. s. Geological ;iurvey (Fig. l). Thi• meter ls 

calibrated froaa 0.079 to 4.86 f"t per second and is aall enough 

to pnvide sansitive &Ma.<tUl'IIINmt of current velocity within one inch 

of the strem boteom. 

The following additional measurements were taken: water depth 

and direction of flow., distance to ftearest shore, bottom contour and 

type, estimated percentage of ahade, and abu~dance of aqu.atlc vegeta• 

tion and organic debriso 
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ftpn a.--DW&.•• uaed ln ff1111drat 

• ..,u.,.. lpp--•• ...... foot ........ 

S.• p1ece, H14dl .. •'l'lla .,,,., cunent •t•a 

Lowr••fte avNtrete cen e-,ler. 
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!!!ul.s,s.--Tb• performance of the sampling device (and perhapiil the 

method of locating sanpltng sltes) left much to be desired (Table 2.). 

l'h• presence of stones and debris beneath the substrate aurface made 

it difficult to get a water•tigbt seal around the bottom of the a~ler 

in water deeper than l.O feet, or tn fut current. As a result, mate• 

rlal frcn outalde the saapUng area was frequently drawn into the 

sepler. In shallow are.as of sand and silt, bovwer, the aauplei.· 

perforiNd very well. 

Since a,cb of the str ... is fast and deep, often several s,npllng 

sites bad to be located before one sanple c::oulcl be taken. 11\e area 

vea considerably trampled in the proceas. In the simple random 

sampling at area A, approximately 4S man•hours were requt red to 

plan and execute 13 sanples which yielded only 3 ammocoetes. 

The random transect method used at area 8 proved somewhat more 

satisfactory than that used at area A. Little t:l.11111 was lnvolved in 

laying out the area and locating the samples, yet the bias inherent 

ln subjectively selecting aanpling areas was avoided. Compared with 

the procedure at area A, however, the difficulty vi.th the sanpler 

was as great here. fl'le water at B waa deeper and faster, ~ only 

~even of nineteen meaaured sa:nplea could be successfully completed. 

In the limited test given it, the non•random selection method 

of sample location df.d not ahow any advantage over the random tran• 

sect method io the ylelt! of laaprey larvae. The percentage of 

saaples which could be carried to successful completion was signif• 

1cantly gruter here than f.n the other two areas, but hidden sticks 

and atonu still prevented effective aampllng. 
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Table i.-•tblb81." of laaprey mmocoetes collected in square-foot quad• 

rats ham the Hant.st• River, July is to :iepta:nber 2, 1959 

Saaple tunbero~ ~Et v1loci~ 
ffllllNr aaaocoet Bottm type ;,urface Bottom Rmart'.a 

$1te A 

1 0 J and•gravel l • .t9 l.lO Tight seal 
2 0 Snnd o.84 0.68 0 

3 0 Sand 0.98 0.6:l " 
4 0 :;eod•atlt 0.13 0.10 ,. 

' 0 Saad 1.46 0.94 II 

6 0 ;iand 1.51. 0.87 " 
7 J. :iaod 1.10 o.ss Leak 
8 0 :iaod 1.63 1.i3 Leak 
9 0 Sand 1.,i 0.84 Leak 

10 0 Sand-silt• o.ss o.si Leak 
debris 

11 0 Sand 1.67 o.68 Tight seal 
12 1 ~ l.ll o.,i Leak 
13 0 :illt o.oa 0.16 Tight seal 

::iite B 

1 0 :iiand•gravel 1.79 1.03 Leak 
2 0 Send•silt 0.98 0.46 Leak 
3 2 ;;Cid-silt 1.53 0.9S Luk 
4 0 :iand•gravel 0.98 0.70 Ttgbt seal 
s 0 Sand•gravel 1.i1 o.&J. " 
6 0 Sand•gravel 1.03 0.36 H 

7 0 sand-gravel 1.10 0.33 , .. 

Sf.t! C 
l 0 i and•silt 1.56 0.94 Tight aeal 
2 0 ::iand•silt l .43 0.98 Leak 
3 0 Jand•ailt 0.33 o.so Tight aeal 
4 0 ~and•stlt o.74 0.47 II 

s 0 $and•silt 1.00 0.45 " 
6 l Jand•silt 0.6S 0.46 f! 

~ : 

--!,, All ammocoetea collected were 4ee!tra !~ttei, eKCept for one 
lcl!thYCIZ'~ app. at c-6. 
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E!Rltlll!!!t•l ,!118tt.~1A g1 factors affectiy bab&t~~ sel&ction 

rteld data suggest that aeveral environmental factors may be 

important in determining diatrlbution of larval lapreys in the 

strean ,ubstrate. Experimental analysis of some of these factors 

ts proposed, including current velocity, substrate particle aiae, 

and substrate compaction. 

Adult !:rlB?r,xs 

Genert1_ dlstributlon in £h! river ttystem 

The general distribution of adult chestnut lanpreys in the 

river liyete corresponds roughly with that of :tchthy~ larvae 

(Table 3). In the utenaive collecting of 1958, adults were found 

only in the matn streana from Deward to :iharon (however, fish were 

difficult to collect below Sharon). Adults were not collected from 

any of the atx tributaries aanpleci, although four scarred trout were 

found in Portage Creek. Wicklund (personal cOC11DUnicatloo) reported 

fish canyina lampreys in ::Jeveral areas in Cooae ~eek, another 

tributary. 

The presence of adult;j at jtation J, apparently above the upper 

limit of larval diatribution, contradicts the t"eport (Trautman, 1957) 

that parasitic adults move downstrea to feed after metamorphosis. 

Other evidence suggesting at least some upstream feeding movement are 

the recol'ds (I. F. a. files) of adult chestnut lampreys in Mr-ni3tee 

Lake and LAke Margarethe (Fig. 1), c:oupled with the apparent absence 

of their larvae in the tributariea of these lakes. 'lbeae tributaries 

have not been semplOll extensively enough to permit a final conclusion, 

however. 
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Tale 3.••Elt1etric •'bock• co11ecti0ll8 of aclult laapre,• from the 

Hml•t• liver syatea, S.,ttlllber 19•l61 1953 and August S•ll, 1959 

lS:l!tlW.WIIOO lchtbfaaweon 

Statton 1.■■tSE! l..,!iss fo•aE caataneus 

19S8 1959 1958 1959 1958 1959 19S8 19W-

, 3 l l 1 0 0 2. 1 

, 0 4 0 0 0 0 0 4 

10 8 0 2 0 0 0 6 0 

11 3 2 1 0 1 0 1 Jo 

12 6 0 0 0 1 0 s 0 

13 2 0 l 0 0 0 0 0 

15 3 1 1 0 0 0 2 1 

18 16 0 5 0 " 0 9 0 

24 3 0 3 0 0 0 0 0 

Total• 44 9 l 4 0 .u 8 
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Downatr ... acwaaent may also occui-. For example, adults might 

mcwe dovn •• far as the fhst impoundment, about 80 miles downstrean, 

ftMd there, and return upatr•• to apa-.m. If possible, acne newly 

transformed lndivlduale will be aarked to trace their movanents. 

Abundp;,e 

some .. timate of the population level of adult chestnut lmpreye 

in the strMIII would be extr ... ly useful in assessing the impact of 

the laprl!V on the trout popvlation. For several reasons electric 

abocktog doea not provide data suitable for thts purpose, but a 

spectally-des1gned lamprey trap bat t-1 vi th ff.sh, might be useful. 

Mnrking the adults individually (Wigley, 1952) and releasing tbta 

for recapture ln traps might provide data on population levels, 

aaovaent, territoriality, and feeding habits. An attmpt might also 

be aaade to remove as many aa poaaible of the adults from a section of 

the stream. 



FOOD AND FEEDING 

••1,Jbo eata wom" has been cbaractertaed by Bates (1960) aa the 

central queat1on pertinent to the description of ecological cocnu• 

nitlea. Another obJectf.ve of the present study is determtnation of 

the food habits sod method of feeding of larval and adult laapreys. 

~~1. 2,tage 

Since no specific lnvestigatioos of the food habits of ts;hth)'~n 

larvae have yet been reported, moat of the general information presented 

here ls frooa the literature on Pecrocgvaon (Gage, Applegate) or ~.£!:.'! 

( Creaser and llano, tlewtb) • 

9fneral deacn2tton of ~ 

Deamlds, d:f.atoaas, and protoaoana have been identified as the 

principal gut contents of larval lanpreys. From exmnatton of only 

fifteen apec:imens it was concluded that liUCh foods wue obtained 

from the flowing water and materials being lDDVed along the surface 

of the bottom, but not fl'OIII materials in the substrate. :imtd 3raina 

were found in all apecimens. (Creaser and Hann, l9l9.) 

Method gf f,!!dl~ 

Larval llmprey~ feed with their anterior end near an openinz in 

a burrow conatructed tn the substrate; in this position water is 

pumped in through the oral hood and out of the gill openings in a 

coaab1ned feeding and breathing process (Gage, 19,8; Applegate, 1950). 

Large detritus is kept out of the pbary'RK. by a sieve apparatus {oral 

elrr1) \lhich is periodically eleaned by a reverse current of water. 

22 
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A DNCua thread, aecreted by the endoatyle, is foned into a cone at 

the anterior end of the pharynx by the action of two ciliated grooves. 

Food particles passing the oral cirri are trapped in this cone of 

aacua, which is carried poeteriorly to the gullet as a single strand 

by a water current produced by the Joint 11UScular pumping of the 

pharynx and extension and retraction of the two velar folds. (Mewth, 

1930.) 

Adult lMDreya 

~ g! the cbeatmat 1_,...n 

Tbe adult chestnut lampT..y ia known to feed on the following 

epeciea of fish: the largamuth bass and the channel catfish 

(Gudger, 1930); trout, the carp, the white sucker, and the northem 

pike (Hubba and Trautun, 1937); the chain pickerel (lnapp, 1951). 

and the golden, river, and northern redborses, the smallmouth buffalo, 

the green sunfish, and the amallmouth bass (Rall and Moore, 1954). 

ln the Meniatee I found lanprey scars on brook, browra. and rainbow 

trouts, the white sucker, and the burbot. The creek chub ta also 

attacked there (Crowe, personal coaauntcation). Although the 

samples are small, a substantial percentage of the legal•siaed 

trout (over 7 inches) captUr'ed at the nine stottons in the Manistee 

r.ttvei- were scarred by lampreys: 6 of 31 (19.4 percent) ln 19S81 

and 8 of 43 (18.,6 percent) in 19S9. ihe rate of scarring of other 

fish waa aomewhat 1~ (table 4). 

There ts evidence for a siae selectivity by the lampreys, as 

th• adlest scarred ff.sh taken in 19.59 was a 6.2-lnch brook trout. 
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Table 4.--rtsh of all species (over 3 lncbea long) col• 

lected with an electric ahocker from the M..1nistee River 

ayataa, 1959, sbowlna ftUllber8 scarred at each station 

fblber tlaber Percentage 
Statton collected acan-ed scarred 

3 40 2 s.o 
s 60 6 10.0 

10 0 • • •••• 

11 10 4 40.0 

12 l 0 •••• 

13 13 5 38.5 

lS 8 1 ll.S 

18 4 0 •••• 

24 13 0 •••• 

·rotal lSO 18 12.0 

This apparent selectivity, however, could be the result of rapid 

mortaU.ty of small ff.sh attacked by lanpreys. Thia aaae source of 

error could obscure any 1:eal species preference sbowQ by the lan

preya, u th• preferred fish might be quite susceptible and not cum 

up tn shocker collections. For still another reason data from 

shocking an inadequate to aaaua the rate of feeding ln the 

stnau. Many of the legal•siaed. trout in the strNlll are hatchery 

ft.eh, and there is no Mana of distinguishing separate plantings of 

th•. A high pei-c.entage of scar& could indicate a large lamprey 



l5 

population, a .. 11 fiah population, or planted flab which had been 

in the etreaa for• long tilN. 

the W1e of caged trout in tbe streau, planned for 1960, should 

evold aaacb of the difficulty inherent ln shocking. Becau&e of the 

many uncertainties in the data collected by shockin&, aquarium tests 

were set up to gather more accurate information. 

~lwn fnlJ.'l& ~ 

w'betber the chestnut lanprey actually ktlla fish, or ls only 

en esthetlc problem, is one of the algnf.ficant questions raised tn 

this t.nvutlgatton. A pilot study, along tho lines of aquarium 

work by LemMm (1954) and Parker and Lennon (1956) on the sea lam• 

prey, was designed to see if feeding of the chestnut lamprey also 

could be atwlied in the laboratory. 

~-••:iiK adult chestnut laDpreys, from 5.0 to 8.6 lnchea 

long (all measuraaents are reported as total length), were placed 

in a 50•gallon aquarium at the Grayling :.i tate Ff.sh Hatchery. I 

made observations ou those la:npreys frcn July ll to Septanbet- 11, 

1959. tbese observat1ou were continued intermittently to Oeca:aber 

l~, 1959 by Dr. L. ~t. Allison. Rainbow and brook trout from the 

hatchery stock were used as host fish. They ranged from 6.8 to 

9.4 inches long. Observations were mar.le at irregular intervals, 

therefore mmd.mum and minlnam time intervals that each lanprey 

could have been attached to the host were calculated, and the 

length of attack ~presaed aa the mean of these two figures. The 

totel tlM of attack on a fish is expre$$od 1n lamprey-days of 



feedlna, uhereln tvo lamprey-days ts considered as one laapray feeding 

for two days, or two lampreys feeding on the same fish for one day. 

Although both the fish and lanpreys used in f'ilJ atudy were of differing 

st.ae, neither was distinctively ID8l'ked1 so tndtvtdual obaervationa 

were not always poastble. 

!!!ulta. ••Multiple attacks were cocaon, and the lampreys killed 

small t-rout tn a rather short time (S days in one instance). Of 8 

trout uaed in the experiment between July il and Septaber 111 1959, 

5 were killed as a result of attack by la11preys, 1 vas not attacked, 

and 2 died after jumping fl'ml the aquarf.wa. .-~lthoush D1J data are not 

directly comparable to observations of Parker and Lennon (!m• ~U.) 

d1ae to stae differences of lmpreya and host fish, tt appeara that 

the chestnut hmpre:; is relatively less lethal than the eu la:aprey. 

1ft general, large fish were able to survive lamprey attack for a 

longer period than 8111811 emu (Fig. 3), although there was a 

c:onslderable dlffarence in the 1-sth of attack necessary to kill 

tvo fish of appro."111111tely the sae weight. l'bree poaaible sources 

of this variability are: (1) individual differences in the hardiness 

of fish or in the feedina rate of laupreys, (2) increased severity of 

a ftllltiple attack in contrast to several slngle attacks spread over 

a long period (although an opposite conclusion was reached by 

Parker mcl Lennon), and (3) non-feeding attaclaent, not differ

entiated by me but found by Parker and Lennon <!2• !:!1•> to occur 

for about lO percent of the total attachment time. 

Tb• CMKlnum period an individual lamprey W4!l continuously 

attached to a trout was 18.3 days (1 hour ts recorded as 0.04 day)•· 
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n attack which resulted tn the death of the fish. lbe abort.st 

period of an attack vas 14 hours. the outcome of the 21 separate 

attec:ka recorded from July ll to Septallbff 11 wu as follows: U 

wr• t•rm!.nated by the death of the host flsb (mean length 6.2 

days, rans• 1.6 to 18.3 da,a), 7 were terminated prior to death of 

the host (mean length <>. 7 daya, range 14 hours to 18., days), and 

3 were pr ... turely interrupted due to disturbance by the observers. 

I sav only two initial attachments; both occurred on the :iae 

day. Five trout had bNn tntrocluced into the aquarism an hour 

earlier. The lanpreys were SWUlld.qg around slowly. On one pus 

a 6-incb laprey moved within Z inches of a 6.8-lnch trout and 

then lltllde a very sudden lunge and attached itself to the fiab. 

Thereupon the trout began to swim very rapidly and erratic.Uy. 

Within 15 &eefmds the laprey dro,ped off. 

sooo afterward a 6•inch laprey successfully attached to an 

8.5-lncb trout which had one laaprey el.ready attached. the mode 

of attaclaent was stmtlar, but the trout made no serious atttapt 

to dtaloclge tha lanprey. After a fflll short rapid movmaents the 

fish settled down to nontal activity. 

There were several sources of error ln this experiment. 

Trout in batchertes, living lfflder crowed conditions, are aus• 

ceptlble to diseaae. However, all three of the dud brook trout 

were autopsied by or • .Allison, Inatitute Flab Pathologist, "1ho 

found no algn of disease which might have been the cause of death. 

Ralnbov trout, which are ratstant to furunc11losis and fin rot 

(Allison, personal caanuntcatf.on), were used later to mi.ntmiae the 
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poaaibiUty of disease. Lampreys may feed more at one time of day 

or niaht than another; this wuld introduce a bias in the use of 

the mean Ume of attachment and release. iarker and Lennon (9.2. cit_.) 

found au lapreys to be most active during daylight hours. They 

recorded 1.6 tf.ma the number of attachments or detaclaeota per hour 

from 8: 00 A.M. to 4: 30 P. M. compared wf. th the period from 4: 30 P. M. 

to 8:30 A.H. 'l'be death rat• of the trout might have been higher 

bed they been under tho stress of a stream envf.rotaent, although it 

is probable that wild fish, having more Btamina, would survive better 

than hatchery fish under the same conditions (Vincent, 1960). Trout 

might be able to remove lampreys by scraping the across obstructions 

f.n a strea:a, but from observations of fish Kraping lampreys across 

screened aquarium topa, Lemk,n (1954) concluded that removal of 

lanpreys wu very unlikely. 

The mortality rate on lampreys was high in tbt.s experiment. Of 

tbe six placed in the squartum betveen July ll and August 6, four 

were killed when the fish to which they were attached j1.nped out of 

the aquarium. The two rematm.ng lampreys died on Novaober 23 and 

Oecmber 22, 1959. Parker and Lennon (1956) alao reported rapid 

mortality of lampre:,s. Only 2l of 100 adults survived from the 

beginning of their experiments in November, 1950 until termination 

in June, 195l. Causes of unusual mortality in their work were fungi, 

paruttlc protozoans, and turbidity. 

Add1t1o.M! ~.--n.e realuation that attack.9 by the cheatnu~ 

lamprey can be lethal to trout makes further wrk of particular 

interest and importance. The following 1.nfomation will be sought : 
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(1) --• of lt11pre.,..,• of f..U.aa .... ..,. to kill trout 

and •dler fla1111a of varloua •is•, (2) cluratf.on of f..Sia,a and 

aoa•!••H.q a,uc.._t Ntwen tl'_,__ti.on aid aaual -cunty, 
(3) location • flab· of acucke, _. (4) Mleatton l,y 1..,n.,a of 

bNt apect• or boat 1f.u. 



GEHEllAL DISCUSSION AND CONCLUSIONS 

The inability to diatlngut.sb larvae of the two apeciea of 

lchthypllw199 in the ManistM liver ia a major impediment to further 

work with -,coetea. :or. Vladykov t• apparently nearing completion 

of hi• key to the larvae of the pnld, and I will continue the work 

begun by Crowe (1959 ~.). 

The reuona for unusually high abundance of the cbutnut lam

prey in the Manistee River are not 7et clear, although several 

poaaib111tles ~1st. Trout, especially the brown, v111 eat lanpreys 

(Metaelur, 1930)1 and one study of burbot food hablts abowed laval 

laaapnys to ccapoao the bulk of their diet ( Uballs and Shetter, 19S6, 

t. r. a. MS. Kept. No. 1476). If predation by other fishes ls a 

significant mrtaltty factor for the larvae, then the stabiltty of 

the atr ... •a water level could contribute to high laaapr.,- population 

level•. Downstream movement of allllOCOetes greatly increases during 

flooding conditions (Applegate and B:rynUd&on, 195:l; Stauffer and 

Hanan, 1958 M:-;.), and at tbia time the larvae would presumably be 

more wl11erable to predation. nooding in the upper Manistee is 

negU.af.ble. There seau to be an inverse correlation between the 

population density of trout and that of laapreya. Which ls cause 

and which effect, if tndeed there is such• relatioruabip, is not yet 

clear, but this deaerves further consideration. There ts also more 

habitat suitable for larval lapreys in the area studied than t.n many 

other etrNU of comparable elme, although the two species of broolt. 

lampreys are less abundant in the Manistee than in some other Michigan 

streams. 
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h'OII th• larae percentage of scarred fl.ah collected in the river 

and the limited data on mortality caused in the aquarium by feeding 

of the adult•, there ia an lnd.f.etation that the impact of the lamprey 

on the trout population ln the Maniatee ntver may be more substantial 

tba suspected. Mang the IUin points of empb•sia 1n further study 

abould be detem1.nation of the population level of adult laapreya ln 

the etr--, and collection of more •tensive data on the fish 

deatroyed by an individual lapray from metamorpboaia to ae,wal 

maturity. 

lnovledge of the growth rate, length of larval life, end 

mortality rate of aaaocoatu would be extraely valual>le. If 

known•ag• aatert.al were available, age aaseaament by weight of 

the eye lens might be attempted (Lord, 1959). Other Mthoda for 

detemnlng age will be explored. 

At preaent very little cm be added to the recoanendationa 

on control put forward by Crow (1959 Mi.). Further shocking bas 

strengthened hia conclusion that amocoetes are concentrated in 

ar ... of aome current (where tbay would be reached by a toxicant) 

and are very scarce in the slack voter areas. HolNver, the e.ltten

sive ground water contribution to the stream could soon dilute the 

toxlcant to• sub-lethal level. The chanical would have to be 

added at eweral locations to achieve the correct concentration, 

and would not be effective tn ar.u of upwlU.ng. 



C'aalon and ~cientific Na:Ns of Fishes Mentioned in Tut 

(from Jmerican Fisheries Society, 1960) 

Chestnut laprey ••••• Jcjltbysz~ S,!iitapeuG Girard 

Northern brook lamprey •• tcbtbYOIVSO!\ Jossor Reighard and C\mrd.ns 

Southern brook lamprey •• ~cht~zon &I.&!! Hubba and Trautman 

Allegheny brook lmprey •• ~cbthyogw&C!,U &li'ffl!li Hubba and Trautman 

Least brook lS11prey • • • • k9,etr,1 ger>Y,Ptera, (Abbott) 

American brook lamprey • • Lgetr"! lamc>ttei {Le;;ueur) 

Heatern brook lamprey • • • ~tr,! el!!!!!:\ ( Bloch) 

sea lamprey • • • • • • 

Rainbow trout. • • • • • • Salmo g~rdnelj. Richardson 

• • • • • • • Salmo trutta Linnaeus Brown trout • 

Brook trout. • • • • • • • ,;i.alvellnus .!9flti!Mll,~ (Mitchill) 

Arctic grayling. 

Northern pike • • 

• • • 

• • • 

• • lbY.!!!llua arct1,.cus (Pallas) 

Qiain pickerel • • • • • • ~sox ,?i&er Lesueur 

carp ••••• • • • • •• CYprj.~ c~ Linnaeus 

Creek chub •••••••• ~emotilus ~tr~ulatus (Mltchill) 

t&lte sucker ........ CatostoallJa £...O@!!r§ioni (Lacepede) 

sm&llmouth buffalo 

River redhorae 

Golden redborae 

• • 

• • 

• • • • lctiob.!!!, bubel~ ( Raftnesque) 

• • 

• • • • Hoxo!,t~ sx_thl'\!_~ ( R.af1nesque) 
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-.&1urm ~edbone • • • • • Mmco!MN WJ9l,eidom, <i.esueur> 
Chia ael eatflab •••••• lctalYDf punctfte (laftn...-) 

lul'bot ••• • • • • • • • !d!l.l l!l! (Ltm1■--) 

er.. aunfl•b • • • • • • • """',- 9911,.. a■flwque 

sullaDuth ••• •••••• Nf.croptm, !lflcplp. 1.ac.,.ae 

t.aqwutla bua • • • • • • m,crop&IQ! •alal,'9! (Lec.,.S.) 
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