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File with Report 1383
Longer version of abstract than copy jssued with Report 1383. Graduate School

wemted a shorter version and this was revised.

ABSTRACT

POPULATIONS, ECOLOGY, AND MANAGEMENT OF MARGINAL

TROUT STREAMS IN SOUTHERN MICHIGAN
by Virgil S. Pratt

The trout-stocking programs for four southern Michigan streams and
the influences of certain envirommental features on the capacity of
these waters to support and produce trout are evaluated. The importance
of these southern trout streams in the total recreational facilities of
the State lies in their proximity to highly concentrated centers of
population.

Equipment and methods of censusing stream fishes are developed
and evaluated. Electrical shocking was found to be of greatest utility.
Configurations of electrical fields in water produced by two A. C.
generators and hand-held electrodes of various shapes and sizes are
measured, and lines of equipotential are plotted with apparatus consisting
of voltmeter, ammeter, 10 equal resistors in series, radio earphones,
and wire probe. D. C. fields cannot be measured with this equipment
but are similar under like conditions., Effective fields are plotted by
measuring distances from electrodes to points at which test fish become
paralyzed. The following characteristics are based on 500-watt, 110-
volt A. C. power supply of 60 cycles.

Two wire-wound elliptical electrodes, 12 inches high by 26 inches
long, produce a field with comparatively uniform voltage gradient and

are effective in paralyzing fish (3.6 inches, average length) at an
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ave?gggAdistancg‘of 36 ?nches from tge electrodes. Addition of a third
electrode in line with the othersincreases the size of the effective
field but degreases_the average paralysis~distance to 32 inches with
fish averaging 6.7 inches in length.

Two cylindrical brass-screen electrodes, 5 inches in diameter and
18 inches in height, produce a small horizontal field characterized by
an abrupt voltage drop near the electrodes. Fish averaging 5.4 inches
in length are paralyzed 35 inches from the electrodes. Wire-wound
rectangular electrodes, 8 inches wide and 32 inches high, also create
a'small horizontal field and a very quick drop in potential with distance
from electrodes. Rectangular electrodes of brass screen, 10 inches high
by 22 inches long, and wire-wound electrodes, 10 inches high by 18
inches long, under like conditions, produce fields almost identical to
that of the 12-inch by 26~inch elliptical electrodes.

The largest effective field is produced by electrodes long in the
horizontal dimension yet not so large in area that the power unit is
overloaded. A 60-cycle, 110-volt generator of 500-watt capacity is
satisfactory for stunning fish with two electrodes in waters of moderate
resistivity (1000 to 3500 chms per cc.), moderate depth (up to 3 feet),
and moderate width (up to 20 feet). In deeper waters of low resistivity,
or with three electrodes for greater stream coverage, a generator of
larger capacity is reQuired.

Because a‘D.'C. shocker attracts fish to the positive electrode,
it is favored over the A. C. unit. However, its superiority in collect-
ing fishes is unquestionable only in swift and/or muddy waters. The
D. C. shocker used consists of a 230=-volt, 2500-watt, dirsct-current

generator and three electrodes. The negative electrode is a l4~inch by



g-foot copper sheet attached to the bottom of the shocker boat. The
two hand-held positive electrodes are 9-inch by 12-inch, wire-wound
rackets of copper tubing mounted on long wooden handles.

In comparatively still, clear water of Spring Brook, recovery with
A. C. was 35.1 percent of the marked fish present, whereas that with
D. C, was 41.2 percent. A. C. recovery in a swifter section of Spring
Brook was only 28.8 percent, yet 44.8 percent were recaptured with
direct current. In Wilder Creek, where extremely muddy water made the
vse of alternating current impracticable, 16.4 percent of the marked
fish were fecovered with the D. C. unit. Larger fish are more easily
captured than fish of smaller sizes (less than three inches in length)
with both shockers in all situvations. Repeated experimental electro-
narcosis of legal-sized trout with A. C. caused 11.2 percent fish
mortality whereas mortality from D. C. was only 2,0 percent.

In blocked=off stream sections, fish are marked by fin-clipping,
recaptured, and populations aie estimated by the Petersen method. The
reliability of estimates increases as the proportion of marked fish
recovered to total fish recovered increases.

Quality 6£ pools, extent of shade and cover, mean summer water
temperatures, extent of floods and siltation, quantity of bottom food
organisms, and other selected ecological factors are related to kinds
and abundance of fish. All factors show considerable variation among
the streams studied, The variability in numbers and volume of bottom
organisms, even in samples taken entirely within one bottom type in
each stream, is so great that reliable estimates of food production
cannot be made. Analyses of stomach contents of predominant species
indicate that trout consume greater numbers and kinds of bottom organisms

than do other species.



There is considerable seasonal varlation in the size of standing
crops, both of trout and of other fish species. Generally, populations
are smallest (in numbers of fish per acre) in early spring but increase
in size during the surmer as a result of recruitment by naturally
reproduced young of all species and by hatchery-planted trout. Those
waters which support large numbers and weights of non-trout species
carry few trout., Average standing fish crops range from 96.2 pounds
per acre in Wilder Creek to 302,7 pounds per acre in the North Branch
of the Saline River. The average percentage of trout, by number, in
these estimates ranges from 3.4 in the North Branch to 72.0 percent in
Spring Brook. Size of the trout population appeai‘s to be limited in
Paint Creek by shifting of bottom materials and scarcity of spawning /
areas; in the North Branch of the Saline River by floods, siltation and
shifting of the bottom and by competition for food and space; in Wilder
Creek by fishing pressure and dredge-caused turbidity; and in Spring'
Brook by fishing pressure.

Survival of legal-sized hatchery-reared trout is low in all waters,
yet they do contribute substantially to the early-season catch. Brook
and rainbow trouts disappear within four te five weeks following' plant=
ing. Brown trout survive for longer periods, particularly in Paint
Creek and Spring Brook. Over-winter survival rates of advanced finger-
lings is also low, although there is variation with streams and with
species., The greatest mortality was suffered by brook trout, many of
which were of legal size at the opening of the 1950 trout season.

Fishing pressure is heavy on all streams during the first few
weeks of the season, but it declines rapidly on PaintCreek and the

North Branch. Fishing success, based on random creel checks, is low:



Paint Creek, 0,54; North Branch of the Saline River, 0.11; Wilder
Creek, 0.31l; and Spring Brook, 0.44 trout per hour.

Observations fail to reveal evidence of rainbow trout spawning

in any of the streams. Brook trout spawn to a limited extent in Spring

Brook. Brown trout reproduce in all of the streams, although in large
numbers only in Spring Brook and Wilder Creek. A. small percentage of
hatchery-reared brown trout spawn the same year they are stocked in
these streams. Partial excavation of five redds indicates an average
egg survival of 78.1 percent crme month after spawning., Success of
natural reproduction, measured by the percentage of wild trout in the
total trout population, ranges from 0.0 irn the North Bramnch to 72.1
percent in Spring Brook.

Two general conclusions on the management of trout streams are
drawn from the study: (1) The success of the stocking program in
certain southern Michigan streams approaches that of more northern
waters of the State. (2) Future stocking of thése streams just prior
to the opening of the fishing season, and again during the season if

fishing pressure contimes, is justifiable.



- \ - v N B - N N H z =
’ - { ; 5 . <. , : o 3 R
N : . B j . F o . R
’ ' - v k ..4 . ~ 4 . ;
) . ‘ o i . O - A i
- . ( \ , i
. ‘ ; s . | - s
- : . ! ST S : , :
R . . )
. X ‘
VN H 8 \ < i R o . . . ) \
: ! ’ (. i . -
. . . ; i ) ~ | -
, ' i B
~ B . 1 . , )
B . B . . . . ,‘
. B ! i -

ARCH

ANutx

2

RESE

. UNIVERSITY MUSEUMS

L

'

INSTITUTE FOR FISHERIES

(
A i i
B ER
- LFL 4
; PR
Ly ' o , |.
- .
Y, " - - ‘ ‘.
[ - ) - .
v . n\.,
AR -




cot Inst, for Figh, Reg, —

Us §4 Shetter
R, 54 Marks
June, 1953
R’Pm Ho. I%
PULATIONS, EGOLOGY, AND MANAGEMENT OF MARGINAL

¥ROUT STREAMS IN SOUTHERN KICHIGAN
by Virgil 8. Pratt

Abgtract

, The trout-stoeking programs for four southern Michigan etreams and
the infloouces of eertain mviromeal features on the sapasity of these
wstars to support and produse trout ere swalusted. The imporﬁnnc@ of
thess southern trout streams in the total rearsaticual faailitiga of the
State 1lies in their proximity to highly concentrsted ugxxﬁara of population,
Equipment and methods of sensueing stream fishea are developed and
evalunied,. Bleetrieal shocking was found to bo of greatest ubility.
Configurations of electrical fields in water prodused by twa A, C, gener
ators and hend-h6ld elactrodes of wrious shapes end sizes are meamsured,
and linse of eguipotential are plotted with apparatus consisting of volte
- meter, smmeter, 10 equal rosistors in series, radioc eerphones, and wire
probes D. C. fields oamnot be mesared with this equipment but are sime
ilar wnder like conditions, Effective fislds are plotted by meesuring
distances from olestrodes to points st which test fish besome parslyzed,
The following characteristics are based am 500-wmtt, 1l0ewolt A. C. power
supply of 60 cyeles, ‘

fwa wire.wound elliptionl electrodes, 12 inches high by 26 inches



long, produce e field with comparatively uniform voltage gradient snd are
effeotive in parslyzing fish (3.6 inches, average length) at an average
distance of 36 inches from the electrodes, Addition of a third electrode
in 1line with the other increases the size of the effective field but dew
creauss the average Mw,;mm to 352 inohes with fish averaging
6,7 inches in length, | |
‘ Two oylindrical bracz-soreen electrodes, 5 inches in dismeter and 18
inches in height, produce & small horizontal field characteriged by an
abrupt voltage drop nbar the eleotrodes, Fish everaging 5.l inehes in
" length ere paralyzed 35 inches from ths electrodes, Wire-wound rectangular
‘alectrodes, 8 inches wide nnd-se inéhes high, also oreate a small horisontal
field and & very quick drop in potentisl with distance from electrodes.
Rectangular electrodes of brass screen, 10 inshes high by 22 inches long,
and wire~wound eleatrodes, 10 inches high by 18 inches long, wnder lilre
conditions, produce fields almost identical to that of the 12<inch by 26.
insh elliptieal elestrodes,

The largest effective field is produced by electrodes long in the
horizontal diwension yet not so lerge in area that the power unit is overe
loasded, A 6ﬁq¢yaia, 110-volt gemerator of 500-watt capacity is satisfactory
for stunning fish with two electrodes in waters of moderate resistivity
{2000 %o 3500 ohms per oo, ), moderate depth (up to 3 feet), and moderate
width (up to 20 feet), In desper waters of low resistivity, or with three
electrodes for gresber stream coverage, & gensrator of larger capacity is
required,

Because u Ds O+ shooker attraots fish te the positive electrode, it
is favored over the 4, G, wnit. However, its supsriority in collecting
fishes is unquestiomable only in swift and/or wuddy waters, The D. C,

shooker used consiats of a 230-volt, 2500-watt, direct-curpent gzenerator
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and three eleotrodes, The negative elsotrode is a 1llj-imch by 8-foot
oopper shest ettached to the bottom of the shocker best. The two hande
held pesitive elsotrodes are D-imch by l2«imch, wire-wound racksts of
copper tubing meuwnted om loag woodsn handles,

In conperatively still, clear water of Sprimg Brook, recovery with
Ae Co was 35,1 percent of the marked fish presenmt, whereas that with
D¢ Co was L1.2 perosnt, A, C. recovery in a swifter sectiom of Spring
Braok was only 28,8 percert, yet L8 percent were recaptured with
direot ourrext. Im Wilder (reek, where extremely muddy water made the
use of alternsting current impracticable, 16.; perceat of the marked fish
weres recovered with the D, C. wmit. Larger fish wrs more easily captured
than fish of snaller sizes (less them three imches im lemgbh) with both
shookers inm all situatioms, Repeated expsrimental elsciremercosis of

legmlnized trout with A. C. caused 11,2 percent fish mertality whereas
mortality frem D. C. was ealy 2.0 peroent.

In bloocked-off stream seebioms, fish are marked by fin-clippinmg,
recaptured, and pepulations are sstimated by the Petersen method. The
reliability of estimates imoreases as ths prepartiom of marked fish
reo‘owrp& to total fish recevered imoresses.

Quality of pools, extent of ehade and cover, mean summer water teme
peratwes, extent of floods and siltation, gquantity of bottem food organme
isms, and other selected esologicsl fmetors are related to kinds and
abundance of fish. All factors show ooansidersble variatioa among the
gtreams studied, The variebility im mumbers and volums of bottom ergsnm-
isms, even in samples takem entirely within ome bottom type in each stream,
is 6o great that reliable eatimates of food production cammct be made.
Amalyses of stomach contents of predomimant species indicate that trout
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comsumd greater mumbers and kinds of bottom organisms tham do other
apsoies,

Thers is eonsidercble sessomsl varistiom in the size of standing
erops, both of trout and of other fish sproiee, Oemsrally, populations
‘are mmallsst (in numbers of fish per acre) in early spriasg but increase
in sise duriag the swmer as a result of recruitmenmt by maturally reproe
duced yousg of all spsoies and by hatchery-planted trout, Those waters
which support large aumbers and weights of nemwireut spsoies carry few
trout, Average stamdimg fish oreps range fram 96,2 pounds per acre in
Wilder Creek teo 302,7 peunds per acre in the Herth Branch of the Salins
River, The average percemtage of trout, by number, in these estimates
ranges from 3.} im the Nerth Branch to 72.0 pesraent im Sprimg Brook.
S8ize of ths trout pepulatiom appears to be limited im Paint Creek by
shifting of betbom materials sad scarcity of spawaimg areass in the North
 Branch of the Saline River by floode, siltation and shifting of the
bottom and by campetitiem for food and space; in Wilder Cresk by fishing
pressure and dredge-causesd turbidity; and im Sprimg Breock by fishing
prossure,

Survival of legal-sized hatchery.rsared trout is lew in all waters,
yot they do costribute substamtially te the early-seasem catoh, Brook
sad raimbow trouts disappear within fouwr te five waeks follewing planta
inge Brown trout aurvive for leager periocds, particularly im Painmt
Oreek and Spring Brosk. Overe-winter swviwal rates of advanced fingers
lings is also low, although there is variation with stresms and with
spooies. The groatest mortality was suffersd by brook trout, many of
which were of legal size at the opening of the 1950 trout season.

Fishing pressure is heavy on all gtreams during the first few weeks

iv



of the sessem, but it deolinmes rapidly om Paimt Cresk amd the Horth
Branch., Fishing succass, based on random orsel checks, is low: Paimt
Cresk, 0,543 North Bremch of the Saline River, O.11; Wilder Crsek,
0¢313 and Spring Brosk, O.ily trout per hour,

Obssreations fall te reveal evidence of rainbow trout spawaiag iwm
any of the gbtresms., Brock trout spawn to a limited extenwt im Bprimg
Prook, Browa trout reproduce in all of the stresms, although ia large
mumbers enly im Sprimg Brook and Wilder Cresk. A smsll percsstege of
ha*.:chirymam browa trout spams the same year they are stocked in these
streams, Pertinl exoavation of five redds indicates sm average egg
survival of 73.1 psrosnt eme memth after spawning, Success of natursl
roproduction, meesured by the percentage of wild traeut in the tetal
toud population, ranges from 0.0 in the ¥orth Branch to 72.1 percent
ia Sprm Brock.

Two gensrel domclusioms on the managemsnt of trout stresms are
drawn from the study: (1) The suoccess of the stooking program in oer-
tain southera Michigan stresmas approaches that of mare northera wu:-iarn
af the State, (2) Fubure stooking of these streams just prier to the
spsuing of the Pishing sesson, sand again during the ssasom if fishing

pressure continuves, is justifiable,
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POPULATICHS, ECOLOGY, AND MANAGEMENT OF MARGINAL
TROUY STREAMS IN SOUIEERN MICHIGAN

by
Virgil 8, Fratt
INTRODUCT ION

PDuring the past cextwury, the course of sgricultural end
industrial progress las wrought drastio changes im the orige
inpl onvirommental conditiens of southern iflchigen., Road
neta, agriculturel drains, erosion, doamestic sewnpge and texie
industrisl wastes lmve sll left thelr marks on the originally
vxmra alear and cool waters of the region.

Although brook trouty wore proebably never endemic te
theee waters, they have been stocked widely eince 1879, It
night be inferred that before the lumbering ere these southe
ern Michigen stresms were suitable for trout; but at an early
date, the deletericua effeats of the current agrioultural
snd industrial practices were elready manifest, for im 1888
it wag reported (!E’iehﬂ.ém State Board of Fish Cammizsioners,
1888) that "nine-tenths, or ever, of the streams which this
board has stocked, or is n& stocking with brock trout,
never were trout streams before they were made such by the
State,."

%aofar a8 possidble, fish names are those reccmmended in
Special Publiontian No, 1 of the American Fisheries Sooiety,
1548, Techmical squivalents of commom nares ars given im



The intreduetioms of raimbow trout in 1880 end of browms
in 1889 were followed by imcressiagly heavy plantings of these
speeios up to the presemt, apparently with only sliightly
grenter success, When it beceme evident to fishery officials
of the Btete that only a few of the southern streams were
actually suitable for trout, the trend in stocking salmonids
ghifted gradually to the north. In more recent times, howe
ever, the econanic growth of the State, resulting in highly
oconcentrated centers of population, created a demand for
ample recreatiomal facilities nesr metrepslitan areas, where
persons with limited leisure time might fimd sport and
healthful diversion without the neesssity of driving prohi-
bitive distances, Ome Imporbant need was for trout fishing.
Recognising the desirability for the mmintemance of celde
water sagling in urban southern Michigen, the Conservation
Department expanded ite trout sbockimg program in the southe
ern counties until by the end of the 19LB seasom, 127 stresms
south of Highway Mi6 were receiving 8.0 percemt of the
total aunuel plents of brook, browa, and rainbow trouts mede
throughout the entire state,

Over a hwmdred thousand trout are being planted annually
in thess southern streams with little factual informstieon
on the succegs of such plantings. It hes been suspected
that st least same of the waters so stocked are incapable eof
meintaining sizable trout paopulmtiens, wherems others are
eonsidered excellent trout stresms., In order to justify its
sontinued stovking of these waters, the Department of



Conservation directed that a atudy be mde of seweral soubhe
orn gtreams to determine, if possible, why soms. appsar to
be excellent trout producers snd others, while apparently
suitable, seem to be incapebls of satisfectory trout produs.
tione The investigetion reported in this thesis resulted
frem the foregoing directive, |

fhe primary purpose of the investigetion wms to identify
the factors influencing end, in many insteneces, limiting
trout production in rspressrtative southerm Michigen streams.
It wem suspocted that some of the umdesirable features of
captain of these waters, once recognized, might bs se sltered
as Yo improve condibions for trout, For this study, 13
watercourases, beliewed to be representative of southern
Hichigen trout streams, were chosen. Pollewing a superfisial
sxsination of these stresms, four were selscted for inten-
sive study. Because it was impractiosble to conduct e
camplote oresl census cn all of these widely soatiered waters,
most of the information on production was cbimined through
psriodical estimates of the standing creps The troute
produsing sapaciby of esch stream was estimated on the basie
of data obbained on physical, cheaicsl, svd bdlolegieal fastors
known to influence, or suspscted of influencing, produstion.
The elsctrical fish shooker was chosen for obtaining specimens
for the population emtimatos because of ibs epparent adwne
tages over the ssine, FBowever, when it appeared that little
wae aoburlly knowm of the capabilities and limitetions of
slectrical shockers, a critical study of existing techniques
snd available sguipment wes first sede,



The raénl% of the investigations on these southern
Michigen stresxs are presented as m m jor perts of ‘tbil
_paper,  The first includes the results of the experimental

‘atudies on elestries) fish shockers conducted to develsp a
. pepulation-censue method for qﬁmm fish; the second deals
' with the fish populatiens and their sceclegy with special

. reference to fectars of the enwiromment which xppear te ine

fluence trout produstion,



. DEVELOPMENT OF A CENSUS METHOD UTILIZING THR
| ELECTRICAL PISH SHOCKER

A relisble mlmﬁm o:f the faeten influsneing trout
produstion in strexns depends mét an 8 knowledge of produse
tion po'r'n‘ Prodmtion of aqutie organisus, ae defined by
cm-u (1546), 18 the net inoreass in the size of the stands
‘mg erop at the end of a stated porioa of time, pl\u the
yiild wb.‘!.ah imluéll that mmt mma by man lnd ‘bhat
pcruntntly remsved fram the area by other eausu_. Sush &
neasire, then, necessitates a kuowledge of the weight er
nusber of the populatien at e& beginning and at the end of
‘the study peried, and, in additiem, the weight or mmber of
the ﬁ_ah removed permamently from the area by f£i ahomﬁ. ‘
natural mortality, and emigratiom,

Determinmation of the size of the fish pepulatiems in
the warious sestions of the stuly stresms was mads by the
"mark-anderecovery® method as deseribed by Risker (1948).
This method has becoms widely used in fishsry menagement in
reoent years; its reliability depends on the assumption that
handling and merking deo not e}nxign the rates of cepture,
nuptm, or mortality of the fish. The assays e’otai‘md
by the procedure spparently ere mush more roliable when a
oomparatively large proportion of the total pepulation is
- marked and returned to the water and when a large preportiem
of the marked fish pressnt is recovered, The limite of
reliability ﬁ be expected with varying levels of merksdefish



relenss werw measured, Furbhermore, my needs were to deters
- mine with highest possible scouracy the standing arep of
fish of a1l sizes end species with different habite and in
wrious habitets, |

Of the mumber vof deviees used in the past with verying
‘degroei of guccess and selsctivity, only two, the seine and
the electrical fish shooker, were considersd of adequate
promise for use in the present study, Bhetber and Hazsard
(1939) reported that, svan uader the most difficul’ seining
conditions, they were abls te rescover 89.1 percemt of the
| papmtim of all species and sizes in a blocked-off section
ofvn Michigan trout stream, Gresley (1535) estimated thet
" in selected study sections of New York streams, at least 90
percent of the fish present were oaught with seines,
Trippenses (1937) om New Fampshire trout stresms reparted 70
to 80 pervent recovery in sitwations difficuit to seime, 80
te 90 percent in wators of moderately diffieult ssining, and
over 90 poroent efficiency in stresms well adaphed to the use
of seines, Oerking (19:9a) estimeted & recovery rats of 88
pearesnt in ene Indians streem in which debrias had been re=
moved pricr to seining, Shetter snd Leonard (1943), on the
sther hand, showed that intensive seining even under the best
of oconditiens would not result in an efficiency of over 90
peroont, and that fishes not captursd were in the smaller size
groupss In view of these reported varistions in the effi.
clency of seining, and the faoct that each stream would bave
had to be seined very intensively (requiring meny manehours
of effort) for recovery of a large proportion of the



pepulation, seining was discarded es the method to be uwed
in the present investigations, Instead, the eleotrical fish
ahicm wog chosen on the basis of existing reports concerne
ing its sxcsllence as a collesting device,

A review of the literature on the shocker revealed
,’ﬁhn'b, in North fmeries at least, litile was actually lmoewn
sbout the applisation of elsotrisity te the field ¢f fishery

 manngement, Becauss of the confusion and uncertainty which

. apparently existed in nearly every aspast of the subjeot,
axperimentetion with eleotricsl fish-collegting devices was

| undertalan to develop a eensus methed suitable far the
gtreams wnder study, In this phase of the study, an attempt

e made toi

e e

l: Asssmble much of the pertinent literature on the

uvse of electriclity in fish collecting and in fishery

mang gement

e =

2, Neamure the chmracteristics of electrical fields

-

produced in weber by elsctirades of a varisety of
shapes and sizes,
3e Determine the magnitude of wvolimge gradient negesw

2 sary to produse paralysis.
Ls Compere the efficienoy of alternating. and direct-
ourrent wits under wmriocus conditions.
ll By Measure the instantanecus and delsyed mortality
; resulting frem electrical shoels
; Following these msasuremsnts, the mark-snderecsvery
)‘\ method, as employed by me for estimsting population sizes,
\
|

—_—r



was tpntéa' for relisbility, Ths ;mﬁuxts of this phase of the
invewbigation sre presented in ths follewing sactions,

History of the Use of Electricity in
Aquatie Situetions

 Although the First practioal spplication of electricity
't;a the field of fishery management apparently cams quite res
cently, etudies of the phymiological sffechs of electriecity
an, qubie anizale began mh"muer.‘ Hormpxm (1885), for
M:Lb,' foumd that fish and other squatic snimsls, when
placed in a direstecurrent field, orient themselves parallel
'ﬁﬂﬁzsawwt 1inos with their heads toward thw anode, The
asgumpbion of such & position has been teramd "@lmtro-‘
piem,* Van Harrevsld (1938), whe studied the reastions of
fishes in direct-current fields, also noted thet in & wesk
alternating-ourrent field the animels moved into & pesitien
st right angles to the cwrrent lines, Numercus other inves
ﬁgateu have studisd the effects of electrionl stimuli on
agquatis organisms frem 2 puwrely ecademic viewpcint, The works
of & few of these will be considered later, . |

What appears te bo the first reported use of electrioity

in fishery mmnagement ocowrred in 1917 when Burkey applied
for & patent on an electriocal soreen accigz;s-ﬂ te prevent fish
from entering irrigation ditohes (Holmes, 1G8a)e Further
noteworthy experimsnts on the fish soreen have bsen sarried
oub by MeMillen (1930), by MeMillan, Holmes, axd Everest
(1937), and mere recently by Applegate and colleagwes at



' the Hammond Bay Fish labormtory of the Us S. Pish and Wilde
1ife Service (m;mbmm). |

According to Sohiemens and Huplnwrg (1959), Sohiufelder
in 192 was ane of the firet to repm the use of slectrieity
in aeilwhins»filh.’ Following the work of sohé‘mfemér, thers
appesred many technical reports am the spplicatien of beth
" alternating and direct currents in Germany for oommersinl as
well as soientific purposes, Ths use of oleétﬁaal sheeking
' devicss ia Horth Americe apprranhly bogm with Haskell's
(1950) azpmzunta in Hew York and has been eonfineé largely
o o mim'bitio -tudiea.‘ I‘n tha decade fallawlng 19140, numere
ous mrms. both in the United States ann Gamﬂa, &nn
pra&uw& & maty of mdiﬁoatim in 'boainﬁ.quoa and oq‘ﬂ.p-
 ment,
" Unbil Rayuer (1949) deseribed the vesults of work with
. direct curreant on fish in Cregen, the ewphasis in North
Amcrice hed been on the use of alternating ourrent, Since
1949, direst curremt has greduslly msswmsd incressed impore
tanow, wntil 1t is new favored far stresm siudies by many
workers who heve used bath typas,

Response to Elestriesl Stimuli

When tws elestroder, eagh comnscted ta & pole of sn slee-
tris generater or other acurve of electricity, are placed in
water, an slectrical field is esteablished which produces a
responss by the a.n‘:lm} life present in that field. The nmature
of the mspmo will depend ont (1) the strength or intensity



10

of the field, (2) thw type of owrentalternating (. 0.)

or direst (D, C.)es, and (3) the tims of exposure in the
#1014 of gtven intenstty,

N B‘i.nh whiok sncounter a weak field, wither A. C. or

D. 9.‘, appsar te be irritated and attempt to aveid the soures
| 'ef sﬁhﬂlu’. As the intensity of the field is mmrsaé; bee
yond a serbein level, the magnitude of which will vary with
size and probably with species, rarcosis «r paralysis results,
In 5 weak t:.oi,d of alternating cwrrent, fish align themselves
st right angles _ﬁc:thé current lines, & position called
"millahﬂm“ In sn intense field, the fish are sompletely
paralyzed, the gill-osvers and fins are stiff and srect, bha

gi,ll antiﬁn &cms greatly redused or steps entirely, and
-hho body surfece beoumes lighter in coler. In s streng
direct.ourrent field, on the other hand, fish are only pare
tially "zarcotized.” They becoms relaxed, and direct their
heads teward the anede, a position termed "galvenetropiem.”
They are capable of meovsment, which oonsiste of swimming
‘:.L’«hly toward ths ancdes Such movement has been designated
“mmms.“ When removed from the direct-ourrent fisld,
fish iomvar almost immediately, while these shooked with
altamting surrent remain unoonscicus for a varying peried
of time, depending on the severity of the shook. If the fish
are left iu en intense field long eneugh, mortelity will
m-wi-h. Again, the leongth of time will wary with size and
species of fish and intensity of the field, These faotors
are discussed in grester detsil below,



 Physiologiesl Gffssts of Eleotrioal Stimuil on Fish

Van Harreveld (1938) s.mi subsequent worksrs have sugges-
' 4ed various ocauses for the reaptmnal of fish %o olegtrical
currents. It has been postulated thats (1) with the head
tmrd tlu anods in & direet-cwmt field, the ﬁshii least
 irritated; (2) vn‘me?t: ourrent m.mmzu certain oells in
+he mml nervous ayﬁm and so cavsss the ariemtim of
tmmx.uungitmaytamtmdtmmhw @A fw
fioult te w tmd the eatbadn; (3) trepisms or taxes
1m mma by elm:'iaal iti.nnlnﬂm of the labyrinths of the

u.tnm theaurnpmu mmt saaninm‘nryeﬂ :mvhich
the hhyrin'khﬁ have net yet m—m; and (L) the metion to 2
directeourrent stimulus 18 & reflex, for by outting the audi-
tory, lateral, and facial nerves, wan Harreveld (1938) found
 that galvanstropism woours independently of the organs
 supplied by these nsrves and that it ocours when the spinal
card io severed from the brain bub not when the cord i
destreayed, |

Repart (1951) belisved thet the lateral line plays an
important part in the response of fishss to direst ourrent,
Cutting the nerves to the lateral line on the left side ree
eulted in the fisk's twming to the right when facing the
anode, Cutting tlm sorresponding nexves on the right side
ssused another fish to tura te the lo £t under the same condie
tionss However, eliminating the nerves te both lateral line
srgans did not revent galvangtropism entirely, elthough it
did reduce the violence of the reaotion. This led Regmart



‘&a ‘bolim tbat i:he mry high ulac’brieal oendustivity of the
nmm mh aonéuotcd the stimulus, in the abseuce of the
mmt. '

 The rmml'ba of Rowb'l study do ne’B invalidate the
findingl of van Sarreveld, for the destrustion of the oranial
mma to the lateral lins organs would not affect the path
uf'i reflex, Fisher (1950) paintad out that the effects of
the umnk ars apparently not direct offocts on the muscles,
but axre nediated by the central nerveus m’bu.

The mwmcm Componenb eammmu

: mn debats hms centered sround thc quef ikiuh
cmmmk af élmeityuﬂlhgo or Wumm shock
‘nnd peralyeis. a,lehengh the general principles held trus
for. baﬁk al'bermﬂng- aml dirm-aamnt elautricity, the
worh cihﬁ m moatly concerned with the fomr. ‘

. MaMilian (1930), working with qarefully centrolled cone
ﬁiﬁiﬂm. ‘nhmd that the voltage gradiant in waber nsoessary
tepz‘adm paralysis in raizbow treut and king (ohinesk)
saluen was mvbmly propertienmal te the length of the fish
uad "w.se Mhsr mamd by the ruittiﬁty of the water,

So!ﬁmns snd Busburg (1939), and Holzer whose werk they
ei‘lmd.. hw determined the m@nw 01‘ the potential differe
ence from head to tail necessary te produse parslysie. They
algs recognised that the necessary gradient is influsnced
by water resistivity, |



: snalian (ecndomtian in Englinh by ﬂolma. 19)481:) bo=
lzi.md t!n*h valtage gsmnlly bas & gma'bar uffaet than
memg., 'lmb thai; ® aertnin minimum of each ie muasary
Hu eta'ud ‘bht in wum ef high rosiatﬁ:vity (mch as is |
fomd in mmin lm), nlthaagh thﬂ mltaga oy be high,
ﬁsh ﬁ.n ’bo n!mohd with ditf.‘icul‘by or uot at a.ll in the
J.m mmgn shuh nmny pomin. G:mmuly. in mtor
o:? lu nniﬁiﬁty, mpongo is inoreased and i uzmlly
l.manpuﬁcd by a d.wuu in valtay. Than, in contradice
tion, he stated that the resultiag current density is grestly -
redused, but that 3¢ is the ourrent density which &ertmlly
paral,yau ﬂm ﬁ-ns This 1: cﬂdsm of ans of the features
of mmim which timla‘ced this uspao‘b af my work,

Rngmu't (19%1) was in agemmt with Snauan's general
mﬂ final mn-bantien when he proposed that the aaly standard
wmy tn roasuwre the influensce of eleetrieal stim;li ig %o
exprass uurrnnt in terms of its density, or amperes per
square :moh (or psr square centimeter), He expressed the
ﬂlatimﬁﬁi‘p in the farmulas

cnl
R

where C =» Current (amperes per square insh)
V¥ = Voltage (wvolts per inch)
R = Remistivity (ehas por subic inch)
From Shetter's (1947a) statement that smaller fish ere
not 8o sasily shocked as are larger fish becauss their
bedies do not absorb se grest a portion of the electrieal



ourrent, i% would appear thet he agreed with those whe sup.
port the eurrm'b-dénsity viewpoint,

Prevost (19L5), reporting en the results of experiments
in Quebss, stated that fish lying parallel te the lines of
foree (alternating eurrent), reseive a shook stronger than
do fish lying perpendicular to these lines, Iurther, of twe
fish pnr,ﬁendieulu %o the lines of ferce, the smaller fish
is struck by a msaller mmber of electrons and, therefore, a
sbrfmgar' surrent ig required to cause paralysis.

Prevogt's results were partly corroberated by the folw
lowiag expsriment, Twe groups of £ish of wiform size wevre
held in an alternmating-cwrent field of the minimum strength
necessary ¢ paralyze fish., Those fish which were held
parallel to the lines of force were paralyzed; those perpens
dloular to these lines were irritated bub mot paralyzed. If
eurrsnt density is responsible for paralysis, the fish per=
pendicular te the lines of farce should heve intercepted mere
current and should have been shocked first, Since this was
not the case, it would appesr that the difference in
potential from head to tail produces the effect. This view
wns further substantiated in tiat large fish were more
quickly shocked in my experiments than sxmell fish, when both
wore placed in the sarmw lecation in the field and parallel
4o the lines of fariu.r The longer fish may be presumed to
have interceptsd a greater linear disitance and hsnce te have
sxperienced a greater drop in peotential over their totsl
length.
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On the other hand, when two groups of fish, umequal in
size, were placed st right sngles teo the lines of foree in
a field just strong enough te paralyze the larger fish, the
sualler ouss were not overcame by shock, The larger fish by
virtue of their sige doubtless intercepted more limes of
ferce. This condition has been noted by wany of the workers
cited abeve and has been the basis for the belief that curw
rent density is the eémpenant of slestricity that results in
shock, Two pioces of esvidence oppose this view. (1) First,
in weter of low resistiviiy, it would be expscted that the
water would be at least ms good & condugtor of slectrical
current as are the fish and that relatively little current
would £lew thraeugh the bedy ¢f the fish, resulting ina
lowered efficiency of the shecker, Conversely, in water of
high resistivity, it would be expscted that mere curémt
would pass through the less.resistant fish than through the
swreounding water and the efficiency of the shooker weuld
be increased. Such is not true; the shocker is efficiexnt im
waters of moderately low resistivity but fails te function
satisfactorily in water of high resistivity. (2) Secendly,
since HoMillan (1930) showed that the influence of resistive
ity on the voltage gradient required for paralysis was not
sonstant but that it wvaried widesly over the total range of
water resistivities msm-ad. it follews that current dén-
sity, ae expressed by Regoart's formula (g« v.), i® not a

better measure.
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Considering all the evidence, it appears that Loth the
drop in potential threughout the length of the £ish and the
surrent density in the water are involved in causing paral=
 ysis oé fish. The exast relationship is unknown, but it
18 believed thai the wagnitude of the voltage gradient
intercepted by the fish wﬂha & better and more cenwenient
measure of the effect as long as the influsnce of water re-

. sigbivity is taken into considerstien.
Configuration of Electrical Fields in Water

' A great wvariety of slectrods types and siuav have been
used in oidctrﬁi’iuhing mdsr an equally great variety of
stroim cenditions, uﬁh both exeellext and poor rosui'es_. For
example, Haskell (1940) used as one eloctrode one or more
‘ireu stalss driven into the streawm bottam, and as the other a
flesting metal screen sirstohed betweon twn peles, 7The
goresn strip waried frem L to & inchss wide and 10 te 15 feet
long. A later improvemsat by Haskell and Zilliex (1941)
consisted of substituting e bare wire dregged over the betiem
in plees of the iren stakes, This arrangement grsatly ine
ereased the effioiency in hard water over bettem seil of high
resintances, In both cases a verticsl field was created, the
sfficienoy of whioh varied with the relative resistance of
the water and the ’m;tﬁom goil apd with the greatest stresm
width emcountered,

Prevoet (1945) deseribed a siightly different arrenge~

ment using & very larges and powerful generater. His
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elostrodes aonsima af m bare eappar mn, 20 to 25
ymgn, and up te 75 foet in lnng%h. The wirea wore stretched
‘parallsl to the lonmg axis of a blooked-off strean sectien at
vearinble distances apart and at miem dopth- frm tha
surface to the bottem, One ¢ dimﬁnn‘bage of thzs method lies
‘in the faot thet when sush a lerge eres is also‘brificﬂ .
ai.mlhneomly maw fish talling rear the wires may ba killed
" ‘bofare they oan be seen and removed from the field, Ancther
ma‘aiuhh feature im ‘the relatiwly high laurae of powsr,
" and hence sige of gonoram, nquirml. |
' 4 series of vertical fislds wes aot up 'by both Funk
- (19h9) and Jeorin (19!;9) with thuir mediﬁutians cxi’ an "elsoe
trical seime," The srrangement consisted of a nm of
ﬂut:lng eleotredes of cus pelarity, nps.ud along a eable.
‘Alternatsly spaced betwesn these elsstrodes were ha.nging wire
“drops® éamsotéd te the gpposite pole of the generater,
* The mejor dii‘_fmnuu between their twe units were the more
numerous and more closely spaced olectrodss used by Joeris,
and tharefore the heavier snd more powerful generator needed,
The arrangement dewelopsd by Hughes and Shetter in

Michigan (Shetter, 19.7a), as wall as the modifieatien of 1%
uged in Minnesota (persensl commnicetion from Dre B, E.
Jehnson), consisted of twe hend-hwld electrodes each cone
neotad to a pole of the genereter, Use of thias electrode
design eliminated the problem of keeping the electrodes free
of soage and chbatruetions in the water, a problem of senside
erable importance with fleoating elsotrodes, Another



apparent advantege of this method was the pessibility eof
sdding s third electrods to tho eireuit in wide and shallow
stresms, provided the water dcpﬁa and resistivity were sush
that the output of the generator was not exeseded, The
factors determining the required powsr owbput will be dise
mmseﬁ below, '
| As Elsen (1950) pointed eut, the infermation on the

f‘iﬁdl characteristios produced by the varieus eleotrode
doiiw’ hag bean obtainsd largely from the obasrved effects
en fish rather than frem quaatitative msusurements of the
fisld themselvas, ’,ihia soems to be true in North Awerica,
but the fields of practically all the modifications degoribed
above wore carefully msasured and mlmtcd in Germany by
Sokiemens and Bumburg (1939), They did nst, however, test a
wariety of the perteble hand-held slectrodss desoribed by
shetter (1kTa)s

Fer this resson, the fields produced by a limited nume
ber of elsotredes of different designs eand sizes were
msasured and plotted, during the summer of 1048, in an
attempt to determine the desired charascteristics of an alle
purpase slectrode for us§ in streams varying in width,
depth, and resiztivity. These were sesayed with each of twe
Aes Cy gomerators of difforent but commenly employed
capacitien,

The squipment for measuring ths field oharaoteristics
mlaw up a8 shown in Figwre 1, It consisted of ten 500«
ohm resistars in series, 2 pair of radioc earphonss, end an
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muiatod wire probe with an expessd tip. An ammster with a
range of O te 5 .me‘n and & voltmeter with a renge of O te
150 velts were ﬁnd inte the oirsult. The two elee'hrodca
to be tested were seowrely fixed to the bottem over s nom-
condusting grid merksd off in omefoot squares to assist in
pletting.

The resistanse of the individual resisters wes found to
ehange from their originsl measured walues after they had
been receiving emnx for soms time, In arder to elimimte
sourcas of errer intredused by such changes, the resistance
of ssch was measured after it had "warmed up"” and again et
the end of the test,

It wan assumed that the voltage &itfoﬂm in the water
betwoen the electrodes was the same ms that across the aire
oult indieated by the voltmeter, but, es poimted out by
Holmes (19ifia), preciss messurements of voltage gradients in
water cannot be made with instruments whioh ﬁrm curront
from the circult and, therefere, distort the field, Fer this
resson, ths voltmeter and ammeter were switched off after
the original readings had been made and weres turned ou again
only psriedically to check the power sourece for comstant
eutput,

In operation, the total resistanes, and hence the total
pobvential aeross the circuit was divided into 10 equml parts
by the 10 resistors, an;ming.thfu resistors te be of agual
wvalue and the water ns‘istivity to be wmiform,
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o Ome lead from the sarphones wes plugged inte the oire

euit bﬂmmn the first ,&hd ‘secand resistors et & point 1/10
| of the Sobal kolilj‘kam:s and simi‘la-rly 1/16 of the total
*mltay;, im:ou the cireuit. Tm' aobher lead from the eere.
phe@nv'm attached te the probe which was placed in the
nt!or, near the olasir oléotrodm In operation, & lm oould
be heard, indiosting that current was flowing through the
iwg;homt. As long as there was a difference in potential
bebween the. point of atbaokment of the sarphons lead and the
location of the probe in the water, s flow of current re-
sulted, However, as the probs was moved, the hum became
fainter and finelly ceased, The peint of no current flow,
or wull poimt, indiosted that the potential differemce frem
the elestrode o the null polnt was the sams as thet through
the. ﬁmfs 'zvui-,:w., or 1/10 of the totel veltags across the
fisldy A series of mill points located arsuwnd the electrode
gave an squipotential limm, all points on which are of the
same potentisl frem the eléstrods. Similarly, s verbioal
series of these lines gave a three«dimensienal delineation
of all peints an equal number of volts distant from the elec.
trode.

By plugging the earphone lead inte the ecireuit between
the ssoond end third, and again betwsen the third and feurth
resistors, and so on, the loeation of all points 2/10, end
3/10, of the total potentisl frem the first slectrode could
bo plotbed to soale, beth in plan and prefile, as shown in
Figure 2, The gradients in volts per foot were ocbtained by



mesewring the pla‘&tod di'atanns between sdjacent lines of
-qumntm¢ ‘l'!nu tigm‘n were eamt’ed to wlts paz-
ineh by means of prepﬂrtiml distances,

" 'The seouracy of thess omleulations is dependent on , the
‘moouracy with which the -quapetmul 1inss oeuld be plotted
with rozpcct to the md lines en the he%m. The m@im
" of orrer infrodused by plotting is directly propertional te

the magnitude of the gradient per inch, Since plotting wes
ﬁu&bly’mc'mtb te the Mat inch, the errer intiroduced
did net exceed 0.5 volt per imoh execept in aress of very
rapid potential drep, and here it was probably enly nlighbly
above that ﬂgun,

After the fleld bhad been plotied and before the elece
trodes had besn moved, an attempt wes made to determine the
extont of the effective fisld and to measurs the voltage
gradient nscessary for paralysis by intreducing fish of dife
ferant sizes snd speoies, Ths fish were placed singly in
5 nen-gonducting scap nst in the water owtside the field and
moved slowly toward the cexter, The direction of the fish
and the peint at whioh bedy movements ceased were observed
lmd recorded, The mlysis-méim was determined fram &
knowledge of the sise of the fish and the gradient in velts
por inch at the poind where paralysis ocourred, In spite
of the difficulty encowntered in keeping the fish oriented
in & constant direotion and in determining when it became
paralysed, ths results of this ezperiment ars considered te



be within the same limits of socuracy obtainsd in the deter-
sinntion of veltage gradisnt in water,
' The several species employed in the experiments were
‘taken by weining and elestrofishing, Thess cellected elec-
tricelly were allowed et least 2l hewrs te recover fram the
affeots of shook befors being ussd in the tests, The fole
lowing spaoies, with their size ranges (fﬁa‘&al lmg‘bh), were
exployeds
Brown trout ‘ 11,0 to 16,5 inches
" Gesmmon shiner | 3.5 te 5.4 inches
Bluegill 2.5 ta 6,0 inohss
 Pumpkinsesd Lie2 b0 5.6 inchea
largemouth black bass 3,5 to 10.2 inches

Bince Shetter (19L7a) md already shown that floating
grids were wnsatisfactory for general use as electrodss in
Hickigan troub streams, I did not plet the sleoctrical fields
produded by them but sonfined my trials to band-held types,
Furthermore, noe attempt was made to mamsure the inflvencs of
bottemesolil rosistivity on the distortidn of fields in
water,

The uperimtai—fiald Rralyses were mads in the Ulinten
River where it flows through the State Fisk Hetchery growmds
at Brum Plains, Oakland County, Michigsn., Here, the
stream varies in width appreximtely from twenty to sixty
feet and in depth frem one foot to at least eight er nine
feot. The resistivity of the water dwring the psriod of the
tests fluoctuated from 2860 olms to 3110 ohms por oubie



centimeter, corrected to 25°C, During this tims the water
temporature ranged fram T2°F. to 79°F, -

Two sources of power were used Lo energise thg elecw
4redes. C(ns was @ 500.matl, 115-volt, 60-cyele, single-
- phase, alternsting-current generatory and the other, o 1400~
watt, 120«velt, LiOOwoyele, singlesphase, alternating-ourresnt
unit with & built-in veltage regulator. Beth wnits were
manufactured by the Homelite Corporation, Port Chester, Yew
York, Direst-current fields cammot bs plotted with ths
sbove squipment, but the writer was agsured by several
physieists tlwb the bwo fields are identical under like con-
ditions, Resistivitles were meassured with & variable<scele
resistivity bridge and dip-cell. This instrument was
accurate to within 1.0 poresnt mt the renge coversd in the
sltudye

The first electrode which was ewaluated consisted of a
12-inch by 26-inch elliptieal framewerk of trass tubing.
Ovar this tubing was pleosd & pieece of rubber garden hesge
for insulation. The hose was later disvarded when it was
found theat it had no walue but actually hindsred facile movee
wment of the instrument in the water., Appreximately 50 feet
of 1B-geugs phespher<bronze wire wers wound in vertieal
gails areund ench frawme, The coils wers spaosd ams insh
&part and one end of the wire wag soldered %o the insulated
lsad running up the handle., In water 1, isches deep and
with the electredes six feel apart, ths field which was pro-
duosd appeared as in Flgure 2, Since the total voltege



Fﬁ.m 2 Configwation of tha alternating.surrant field
produced by elliptical elestrodes of the type
‘shown, Water depth il inches, resistivity 2890
ok, line voltage 125, amperage 1,7 Ietters
indionte polats in the field where wvarious fish
becane paralyzed. BSes tu:h,
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was 185, the drop in pe‘ktmml between adjaoan‘ﬁ lines or
© equipstential was 12,5 volts, With the inowledgs that the
divistons of the grid are 12 inohss, it was then possible te
express t‘nn;pmi%ial diffcrme Won 1ines &s the drop
in velts per foot, :wbiéa‘tsi‘ owrrent flewing in the a&mt

mulhgl drep between electredes, theugh less abrupt
than it was "*ho the sides, still was not the wniferm qumﬁty
stated by Fisher (1950), but dscreased with distance in a1l
directions frem the electrodes, On = line bstwsen centers,
the pagnitude ef the gredient varied from approximtely 3.1
to 1.3 wltl per inshs and on an mtamian cf the line hyw |
th olee'hmdn. it barened from 2.5 wlta to y than 0.3
volt perineha‘aadiu‘tamoffo!‘&h |

A measwre of the effeotive field was obtainsd when o
maber of fish wers intreduced into the field in the mamner
previcusly desoribed, The spacies of fish, their mmbers
and sizes, and the distanos from the elsctrodes st which
ench was paralyzed are given in Table l. 41l specimens wore
approximately at right angles te the linss of equipotential
when parslyzed, with the exceptian of one common shiner,
he5 inches in length, designated as By, and two bluegills,
2.5 inshes in length, desiguated as €3, whish were parallsl
to the line. |

It appears from an examinetion of M™ble 1 and Figare 2
that large fish are shooked st greater distances from the
sleotrodes than are mmall fish of the mame or different



speoies. Zimilerly, it appears that those individwls lying
perpendioular to the lines of egquipetentisl are shocked at
greater diztances than are those parsllel to these lines,
TABIE 1, SPECIES, BIZES, AND DISTANCES FROM TWO BLLIPTIOCAL
ELECTRODES AT WHICH PARALYBIS OCCURRED
Resistivity 2890 elms, line veltage 125, amperage 1.7

Species | Busber of ‘tz;tal isngtﬁ ~ Disgtanes frem
- fish {inches) elocirede
(incheg)
3 Commen shiner 2 b5 L2
o (39«45)
B, Commen shimxw B | Le5 (a!.;, )
| B Comunan sﬁdmr 2 345 36
@ (ees)
‘¢ Bluegill - 245 (51; )
G, szmgui}/ 2 2.5 32
! | (see)
D Pumpkinseed 2 he3 h3
(la-ls)

%ﬂlhﬁl to lines of ‘equipotential

The sverage length of the fish empleyed in the essay
being considered was 3.6 inches; the average distsncs from
the elestrades ut whioh paralysis ccourred was 36 inches,
These figures indicate that, under similer conditions, the
abeve sleotrodes would be effestive in taking fish 2.6
inohes in length and langer, frem a field spproximately 12
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foet square. Howsver, in ardinery stresm werk, this field
wonld mwly ‘be slightly smaller, since a large proportien
of the fish tend to enter betwsen ths electredes in & dirsce
tiom perallel to the lines of equipotential. As it wne
/;hm p.‘bm',‘ such erisntation requires thet the ﬁi’h'bﬁ‘
oloser to the electrodes than when perpendiculare
o Whon the seme electrodes wepe placed 12 fset apart in
water 56 inehes deep, the resulting field showed L regien
" near each electrode in which the wl_tagg gradient excesded
6 volts per inch and ansther regien abeuwt i feet wide in
vhieh the gredient wms less then 0,2 volt per inch. To ite
orense the low gradient in the center, a third elsctrode
ci‘ -l;ha sams type wes added at this point, T6 mu‘ mmma
" %o one pole of the generater while the tm cutside eha’emdu
_were saunected ta the oppesite pole, m addition ei‘ the
thirs eleﬁ'brcaa ceused the curremt bo incresss ‘ua;mud the
‘capacity of the 500-wath wunit with a resulting drep m the'
. gireuit wltage. The 100wt pmr plant uu then mbsti-
tuted, It ws ablu to provide the L5 amps roqun-ca and

_ "S’bﬁ.ll min‘&&i!x the total potential et 135 velts,

Tha ﬁala prndmd by the three alec'kmﬂu npycmd as
~ shown in Pigure 5, There was a continusus Zons 16 fest
vlm‘ and 3 Ifo'mh wide through the electredes in which the
gradient did net drep below 0,5 wolt per inch, On the other
hand, the drop in potential mear the central electroede

d1d exosed 5 volts par inoh which sppears much higher than
needsd te sheok very smsll fish, The bending of the field



Figure 3. Bmﬁgmﬁan of the a:wamtins—nmnt ﬂam
pruémn by three elliptioal elsstroden of the
type shomt in water 36 inches deep. Resistivity
2890 ohwe, line voltage 135, mmperage LS
Letters refer to poinks in the field where fish
beoans wulyn&. &u toxt, : o
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to the left was cauesd by the left electreds being in water
2 inches shallewer (3 inches) than that at the cther elec-
trodosy
Fish imtroduced into the field as deseribed provicusty
wers shosked ab the points indicated in Figure 3, For this |
field h‘bin 2 shows the speoies, their numbers and siua, |
and the ddstance frem the eloctredes ﬂm'e eaah wes pamu-
lyzeds  Again all fish were perpendicular te the lines of
squipotential except one pumpkinseed designated as Bys and
ano bass, designated a,sjnle , | |
TABLE 2, SPRCIES, SIZES, AND DISTANCES FROM THREE ELLIFTI-
CAL BIRCTRODES AT mca PARALYSIS OCCURRED
 Resistivity 2850 elm, 1ine voltage 135, amperage h.5

smm - - Number of Total lengtzh Digtance from
' e f£ish (inches) electrode
(inehes)
A. “Brown -brau{ 1 11,0 ) (2;1 ) “
Ay Brom troub 1 .2 (5& )
¢ Blweill 3 340 28
' (27-29)
D Puwpkinseed 2 Le2 31
, (20-33)
Dy Pumpiinssed)/ 1 5e6 (aa )
B largemowth bass 1 95 (hn )
By Ill‘mwth hus\!/ 1 95 (3!4 )
Average ‘ 6.7 32,1

\anu to lines of e\guipam'hm
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In spite of the fact that & mush larger effective field
' resulted from the use of the third electrode, the larger
£ish (6.7 inches, average length) bad to bs brought cleser
to the electrodes before they were immobilired. The average
distance frem the electrodes wae 32 inches, ihich_ indicated
' that the effective fisld was approximately 18 feet wide,
In field use, this epparent advantage would be offset by the
nesd of an additional crew member and & gensvater of greater
current cspasity, and thus, usually greater weight, The
m@iﬂaml ma would be needed to handle the third elsctreds,
In the search for an electrode which iaula provide a
wids field with camparatively uniform graéimts in water of
*mmng @uptha. twe oylinders of brass mreen, 5 imhas in
, d:lmﬁw by 18 inches in length, were 'besﬁad. Mﬂm placed
6 foot apart in waver 1 inches desp, they prodused a 11014
as shown in Pigure L. The total voltage was 130 volts and
the amperage 1.3, amps,, resulting in a power demand that
could be supplied by the amall generator. It mky be seen
that the field was fear fram wniferm in the distribution of
the equipotential lines, Hear the elsgtrodes the gradient
reached a high of about 9 volis per inch; while midway
between them the voltmge drep wes still appreximately one
velt per inch. To the sides the drop was muoh were rapid,
deoreasing frem aboub 5 volts per inch to less than 0.2
volt per inch at a distance of abeut 3 feet fram the elece
trode,



Figure Le Ounfiguration of the nltemtmgnamm fisld
prodused by the eylindrionl elestrodes showny
Water m m mh‘lg ﬁtiﬁ&i‘iﬁv @59 ﬂm‘
li.m vql,_;} 6 150, amperage 1.3, Letters
1 ‘ ints at which inﬁivim fish m
migu&. &u 'hezt. .
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The £ish used ts tut the effestive strength of the
£101d are desoribed in Table 3, Exeept fer the two
blmgﬁ.lh &sigmwa s ce. all ﬁBh were ag mnrly perpan-
aiaulnr e %he lines ef. aquipmnml a8 ﬂ wos ponime
te held them,

¥ABLE 3, SPECIES, SIZES, AND DISTANCES AT WHICH PARALYSIS
OCCURRED 1N THE FIELD PRODUCED BY CYLINDRICAL
| BRASS BLECTRODES
| zicgzsts.ﬂty 2950 ohms, line voltage 130, amperage 1.3

Species Subor  Zotal length Distance frem
e " fish (inohes) olectrods

A Bromtret 0 1 12,0 (50)

B Common shiner 2 L8 '
R (3602
Conmon shiner 2 349 33
1 -» (32-3L)

Bluegill 1 58 (31; ;

Sluegill 1 5.5 | (hﬁ )

o

Bluegtady 2 5.0

i

26
| (22-30)
Panpkinseed 2 Lt

=

33
(28-38)

\%&nlhl %a Hms of aqa&gﬁmtm
The effective field measured with the test fish seemmd
%o be larger than that indicated by the pletted lines, Fish



Flgure %5,

Comfiguration of the albtermmtingecuvrnt £isld
prodwed by sylindrioal oma&as the Same o
shown in Figwre Ly bub pl iu water 36 inches
dewps Remistivity 2860 um. um voltapy 130,
WIPSTALE 2es , ,
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sveraging 5.4 inohes in length were parslyzed at an average
distancs of 35 :l#ahu from ths elestrodes, Yet when coupared
with the figm'es presented in Table 1, the effeative field
dees not seem unremsonably large, for the fish whish were
used in benting the Pirst electrodes averaged enly 3.6 inohes
in length snd were shecksd at an gverage distance of 36
| u a further test, the oylindrical bms sareen elocs
trodes wers placed & fest apart in water 36 inches dnp. The
potential remained at 130 velts, while the ourrent insreased
te 2.7 amps, These waluss represented a power load of 251
watts, sgain within the limits of the 500-matt wmit, The
rosul‘b&ng field -hm in Pigwe 5 was nuch sunller tkmx that
yreﬁmd by fih sm cloot-redcs in ahallmr 'ua.tor. Eeeam
there umd to be aueh a goad eerrola‘bion ‘bomm tho plotted
and odserved effestive fislds, ne further attempts were zads
%o plet peints at whioh fish bacams paralyzed,

The third oimadn tested was made en wooden frames
' 8 inchea by 32 inokes, Arcund oach frame was wound 55 fect
of 18~gauge phaspher-brense wire. In 36 inches of water they
oreated a field (Figure 6) of appraximately the same size
as that of 'ahs, oylindrical model, The gradient varied fram
about 9 ﬁlts per ineh at the sleotrede te approximately
0,2 volt per insh at a distance of 2.5 Peet to the sides,
‘This typs would appesr to be effective eonly in extremsly
raxrow stresms approximetely twe to fouwr feet deep,.



E'im 6‘ Gmﬁmﬁim of tba a&mmmmm ﬂsiﬁ
produced by the tall, rectangular elsetrodes
Lilustrated,  Waber depth 36 inches, reecistivity
3110 ohms, line voltuge 130, saperRge Fale
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v Ehﬁrma consisting of brass soxreen, B meshes per
inch, were tsgted next, Lach was made by soldering the
soresn Yo a l0-inch by 22ainch frems of bronse tubing, The

. electredes and the resulting fiold are shown in Figurs 7.
The field produced by thase slsotrodes appearsd almost idene
tioal to that arested by the l2.imoh by 26-ingh wire-wound
slectredes under similar oonditions,

The teats of the various elestrodss indicated that the
largsst effective flields mre those with the more wnifarmly
spaced lines of equipetential, To prg&m suchk fields, the
slaotrodes sheuld de longer in a horisental direction than
they aye high, and should bs sz large as can be conveniently
hendled by the operaters. They should not be se lergs that,
at ordivary working distances, they draw mare &mrun‘b than
the generator can supply end still maintsin the rated wvelt

| ag‘gb;' It wey be remembored tiat the maximmn power eutput
{watts) of & ginn. genarator is & constant, egual te the
rated veltage (volis) times the maximum amperage (amperes).
If the amperage is inereased beyend the oapacity of the
gorerateor, the voltage drops proportiesately. 7he maxiwum
8ize appears, then, to be limited by (1) the maweuverability
of the sleotrodes, (2) the ocutput (watts} of the generstor,
(3) the electrical conduwstivity of the water, (L) the depth,
snd (5) the width of the stresm. In narrow, deep streams
of relatively low resistivity, smaller electrodes will be
required than those nseded in wide, shallow streams of high
resistivity.



maﬁm& by the more or less rectangular
trodes showme Wabter depth il inches, mmiaﬂm
ity 2950 ohms, lumw woltuge 120, wmupeyage 1.7.
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Based on the information cbtaimed in this study, slec-
trodes for general stream use were counstructsd. They
oonsisted of 1S-inch by 10-inch bronze-tubing Wa argsund
sach of whioch were immﬁ apyra#iiatoly 60 feet of 12-gauge
sepper wire in vertical seils (Figure 8). In subsequent
trials thess elestrodes proved to be snbirely satisfactory.
They wers light and easy te manipulste, yet the fisid was
of sutfioiemt site and strength o paralyze & vast usjerity
of the fish enceuntered,

¥agnitude of Veltapes Cradient Required for Parslyeis

It was pointed cut in the previous section that an ap=-
proximate meagsure of the voltage difference naceis’ary for
parslysis might bs obtained from the determination of the
-potentisl drop psr inoh at the points where parelysis
| scourred, Several investigators hawe determined this
quantity for fish of various sizes and spocies ﬁﬂu dife
ferent stresm sonditions,

The results of twp etudies are worthy of note. BHalser,
eited by Schiememe and Bumburg (1939), stated that a
hand-tostall difference of 2.0 wolts A, C: would paralyte
most salmenide and 1.4 welts A. C4 would imwobilise mest
sther speoles in water at a resistivity of 1 olms psr cemti.
noter cubs at 90,

BoMillan (1930) realized that the effect of resistivity
was not censtant throughout a wide range of water resis.
tivities and proposed the fellowing formuls te obtain the
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miniw paralysis gradient for rainbow trout and king ssle

where g e veltage drop necessary for paralysis expressed
o a8 volts per inch of water

VR

- W » & corrsctien factor for mter registivity
| L-tmionmﬁimhn' o
_Ihe valuss ef W st werious rui.étiﬂthnﬂ presented in
Table b have been modified fram the dats of Mckillan whe
axpressed resistivitiss in olms per cuble inoh at §5°F, Frem
the figwes in Table L, 1t i pesaible o sxpress the volte
‘age gradient per inch in the water and the hsed-toetail
voltage necessury for peralysis ef fish by substitutien in
the pmvinm formula.,
‘TABIR L. CORREOTION FACTOR, W, FOR VARIOUS WATER
RES IRRIVITIES
Medified frem MoMillan (19%0)

Fater vesistivityl Correstien Pacter, W

Ig.g 0.22

, 27
glo +30
180 : o3
1200

»
oo _ | «56
7600 161
- 8625 ‘ «65
Resistivity sxprossed as ohma per oubic cembimster and
surrected te 25°C,




~ The resulte of the measurements of the veltage gredient
negessary for paralysis made with tho three slectrode
arrangsments are presented in Tables 5 to 7. Although the
conditions could net bs as carefully comtrelled and the
mossurerents are probably not so precise as in lNoHillan's
hhmwyi’mp-riunts, 1 believe the waluss e be resasne
ably weﬁh.
ZABLE 5, APPARENT PARALYSIS (RADIENT WITH THE TWO ELLIPIT-

 CAL ELKOTRODES SHOWN IN FIGURE 2
Rsnis-hiv:wj 2000 shms, lins veltepge 125, axperage l.7
(&my of values given in parentheses)

Spagias Hmb&r Tetal Faralysis gradient
lenghth - {velts)
filh (imhn) Per inch Headwto«tail

mahmr 2 h~5
Emshin?y 1 L.5

Conmon shiner 2 3,5

Ok 1.8
(see) (sns)

OsT 3.2
(ava) (aes)

"

0.‘5 ) 1 .8
(Osliw0e6)  (1liwB4l)

Bluegill 2 25 07 147
(0u540,8)  (1.3+240)

L=

& Blmgil}\;/ 2 2.5 (0«9) ’ (Es.-’a)

P Pumpiinsesd 2 L3 0e3 1.3
(o.a-e.h) (9.9-1.7)

Average , 346 0.56 1,89

%auel to tha linen of aqutpmn'hm

The gradionts in volts por inch were determined frem
the total weltage drep betwsen adjacent linsg of squipeten-
tinl md fram these figuroes the headetestall paralysis
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voltage was celoulated. The paralyais gradients in volt
" per inch m&nd from 0.38 ta 0,56, Bmh m:wt:itm 16 to be

lxpoated sinoe the mgxﬂ.’buﬂt of thtl vnluo :La deotermined by

 he size and oucntutian of the fish w.!.'bh mupm to the

lines of aquipmzrhial. Tb mwm:m pamlyﬁu gradient
my vary ousiderably with individumls, amias, and water

 resistivity, The varistion in the aversge values cbSained,

1.69 to 2.59 volts, may ave been iaﬂmod by one or mare
of the fallwl.ng conditiens: (1) the mesuracy of the

messured gradients is kuown to vary indirestly with the mege
 nitule of the gredlent, (2) ALl fish were net sxposed te

given gradients for s uniform length of tims bafore paralysis
oosurred, (3) The directian of the fish with respect te the
lines of equipetential was not always constant, (L) Indie

ﬁdmla and species mRy WAry greatly in their susceptibility,

or mhm, eleotrical shock,
In gpite of their weristion, the paralysis gradients
whioh I determined cempare favorably with results obtained

by MeMillan, He showed that in wabter of approximately sgual

resintivity (2400 olms por cubie cemtimeter, converted te

25°C) & hesd-totall (fork length) differemes of 1.8 volts
wae required to imbnis& reinhbow treut and king salmon,

although he falled to mention the orientation of the fish

with respsot to the equipotential lines as a fastor in de-
termining the magnitude of the regquired gradient,



- TABLE 6. A?PAREM rmmzs mm oF Fzsms m ms ELEC
' TRICAL FIBLD OF THE THREE BLLIPTICAL BLECTRODES
S BHOWN IN FIGURE 3

mautivtby E&W ohu, 1ine wlﬁa@ 155. amycmga h.s

(Rang,n of values given in paranthtms)

CoL Kmbor ?M Paralysis gradient
Spectes ‘ of . lemgth (volts)
fish (inches) Por inch Head-testail

A  Drown trout 1 1.0 o.é’)/ | (2.2%/ |
by Brew treut 1 e (o.é;/ (e.é;'/
¢ Bluwegill 3 3,0 05 1,5
e o {0uliw0e5)  (Lehiwleb)
2 e ok 1.6

(045«0sLi)  (145=1.7)
1 56 06 3d;
| o . ‘(b‘lt) (Nfﬁ)

E wmmh bess 1 9.5 (a.éi’ (x.-é’;’

By largemeuth vaee¥ 1 9.5 0.3 29

(e0e) (ess

\Whistinated valuss since the fish were auteide the pletbed
lines,
allel to the limen of equipetential; all others parpene
ﬂiﬂ\ﬂu’i



TABLE 7. . APPARENT PAHALYSIS GRADIENT WITH CYLINDRICAL SCRBEN
BLECTROVES

Rashtivi‘hy 2950 om, M.nu voltag 130. wpvaragq 1,3
{Remge of waluve gﬂ.wn in pn.rm‘khﬂep)

j—

Specien . of }.tnsth (veita}

ﬁih (inahn) Pur inoh - Headwtoobail

: A‘, vm'm Yrout 1 12,0 G.T!S*y l.ﬁ’y

‘ {ove) {sos)

B Oommen shiner 2 a8 o 1.9
4 | | . (043<0:5)  (Lalie2ihi)

B, Comon shiner =] B liB
Bfl | ? (GMS) (146<2.0)

¢ Bluegill 1 5.8 ouls 2,3
. B : (...) (v*dl
¢, Bluegill | 1 545 03 1.7
‘ .‘1 (in) {i!t)
Gy Blusgi1l¥/ B 5.0 046
, ‘_ (Oulsw0a8} (a.e-h,.ﬁ)
9. Popkinssed 2 by 0y 1.8
‘ : {0:3=045) (143R.2)
Averaze Sal 0.1 2.07

Wm eatinated valus sincs the Pish wes ovtside the plotted
field when paralyreds

\Gherallel o the lines of eguipotential,



A ok in the nusber and preclsien of mepeurements in
the present study made it impractical ‘boaﬁaomp'b & éatam
mination of the differential voltsge drep ruquti;ndhy
speocies, altheugh caaml, cbservetions, both by the writer
and by ethers, seem to indicate that a slight difference
doss exist, Burr (1952) reported thet in Louisians veltages

(100 to LGO volts) whioh were fatel to gar pike only stumned
‘emeller game fishes, Schismens and Humburg (1939) listed

_ the pa;i'nlylfiagmaum for trout (2,0 volts) and nonetrout
spociss (1;1'4 volts)s Smolisn (Engliéh translation by Holmes,
~ 1948b) noted similar spesific differences in suscaptibility

| | o aleMauia' which he believed were directly propor-

 tional ta the exygen demends of the mpesiss, Swmith and

Elson (1950) noticsd differenves in mﬁohabﬂuy (claaﬁm-
fishing) betwson species, but thay believed tht sush varise
tian was more olossly assoslated with habits of the species
than with uherent differences in sensitivity te elsctrioity,

Comparison of Cellestion Ferformance of A: C,
and Dy G, Shockers

The relisbility of the "smrkeanderssovery® methed of
mmmg population m’s&mm depends, anmong other things,
on the propertiem of mhd fish in the total peopulationes
the higher it is, the MM. As mentioned earlier, ths
alﬁmﬁng-amﬁnt ahéeksr made it possible, in soms situaw
tions at least, to rocover a sizable partion of the total



fish present, Yet in ewifh or reily water the efficiensy
appesred to deersuse very markedly, Many werkers have ex<
pregsed the opinien that direct cwrent, becsise of its pewer
of attracting fish to the pesitive electrods, would yleld
better returns in sush cenditions,

‘Although direot current has been widely used in Ewrepe
singe 1926 in the osllection of fish for cdmmercisl and
selentific purposes, its first reparted use in Horth America
waa deseribed by Reyner in 1349, as previcusly indicated,
Also, during the sumwr of 1949, 7hillip Welf of Malmo,
Sweden, made several demsnstrstions of his directcurrvent untt
to varieus State and provincisl fishery efficials cn this
oontinent, Follwing these demonstrations, direct-curremt
 ghoskera have becwme ineressingly importent in Nerth American

tream-pepulation studics, Howsver, all woriers whs have

uted Shis type mre not in sgreement en the results cbiainsd.

Rayner (1549) olaimed a superier performense by De C,
sver A, C,, especially in rapid and turbid waters because of
the leading of the fish to the operator., His apgamﬁ%mﬁ
sansisted of a 230-volt, 21;%, De Co gonerater, a
16-3msh by 35.inch piece of capper hardware cleth as the
negative elsctrode, and twe dip .mﬁ;, eash threaded with
gepper wire, as the pesitive elaotredes,

Bmith sxd Blsen (19%0) feund an advantage in the use of
#he Wolf D, Gy shoaker (purchased by the Fisheries Researoh
Board of Carade) in teking smeller fish and in removing fish
from hiding places, The Wolf unit supplied & mseimum



gurrent of abeub -5:3@31&#256'17&%&, o & pewes oubput of
1250 watts, The elsctrede arvangewent differed fram that of
Rayner in that the positive elsctrodes were mebtal grids on
Ansulated handies, Scap nets wers used to reesver the
stusoed fish frem the waver, |

Tebster (1950} reperted definitely wsatlcfastory results

with direet surremt in witempting to sompre i am&am |
| of the two types of cwrrent in Fall Cresk, Now York, bk, a8
he pelmbed out (persensl cemmmisatien), the experiment wee
desipned primarily ss & demenstration and neb an exhaustive
test, The surrent supplied by the 230wvolt, Z500amtt, Dy Oy
gonereter wis oomveysd to the water by two typse of elece
trodes, One type vensisted ‘af two hard«held, 10-inch gheete
eluninun paddies, the sther a ground
negative pole meds contaot with the zround either by iren

4 eyntem in which the

stekes o tars, o by bare, weighted wires dragging en the
bottam, If a different type of electrode had been wsed by
Yebgher, results might have been improved, fw wisn two
aluwnirum plates sre used ns slsotrodes, a high resistincs is
adlt wp in one plate whish gruatly reduses the current flow
and hense the effeetive shosking powsr. Sohismens and
Humburg (1959) pointed sut that pearer results ars usually
abtained when eme eleatrode is grounded and explained thab
the £isld is made weakor because greunding causse 1t %o be
spread oub over a large ares. | |

The relative efficisncy of the twe units ewrrently used
by the Michigan Institube for Fisheriss Research was



| soagured during the summer of 1¢50 in o limited mmber of
trials in SBpring Brook, Kelemazeoe County, end in Wilder
creék, Calheun County.

Twa study sections in Spring Breck were bloocked by
moans of seines supported by chiocken wire and iren fence
posts driven inte the stream bottom., Rooks and gravel were
piled on the bottem of the seines te prevent washing eut.
Dredging eperatiens in Wilder Creek mde it impossible te
majntein a blecking seine witheut censtent clesnings for this
resaon s 1000-foot seetisn, open at beth onds, was used, It
vms believed that amy errcr caused by driving fish out of
the unblecked ares would be minimized by the eubstantial
length of the sections Purther, it had been repeatsdly obe
gerved that fish would be driven only shart disteunces ahead
of the electrodes befare they would turn and enter the elecw
ftriesl field, Although the conditions were not strictly
ogmperable in the two watercowrases, the errer introduced by
using an undblooked secticn of stremn was judged insignificant
an the beeis of experience,

| The physical snd chemionl charastsristics of beth Spring
Brook and Wilder Orsek are such thet oleotricsl fish sheckers
should provide satisfactery results, During the tims of the
sxperiment, the totel hardness of each was within 235 %o 270
PeDotis, 88 caloium carbonate, while the resisbirity remmined
betwesn 1860 and ohms per cubie centimeter, corrected
to 2590,



The upper section on Spring Erook was 500 feet longs
it averaged 12,3 feot in width end 2 feet in depth, Thers
wore ne deep gaait. The water was vory clear and slowa
moving. The lower, 300.foot streteh averaged 12,1 feet in
width snd 1,5 foet in depth. Theye was ons pool 3 feet
deep, The water was much swifter in thié ares tian in the
upatream ome, making recovery of fish mere difficult. The
 1000«foot epen sectien en Wilder Creek sveraged 1.2 fest
in width end 2 feot in depth.

The altermating current was supplisd by a pertabls
B00-watt generster weighing 63 pounds (Universsl Meotor
Cempeny, Oshkosh, Wissensin). The two hand-hold elsctrodes
~employed were of the mll-purpese type (Figréa 8)e

The direct-current power wee furnished by a 2350-vell,
2500-watt, zasoline-driven gensvater, the total weight of
which was 135 pomds (The Homelite Carperatien, Port Chester,
New York). A sheet of copper, epproximately 1 inches by
8 feet and mounted on the bobtiem of the boat used to float
tha shocker, served as the negative sleotrede,s The two hande
hald positive electrodes consisbed of wooden hendles on each
~ of which was bolted a G=inch by 12-inch lsop of 1/lminch
- oapper tubing, To this framewsrk 12.gauge ceppor wire was
soldered to form & grid of lel/2-Snch squares, The completed
electrode resembled a long~handled, coarse-meshsd tennis
racket,

In operation, the generator was placed in e shallow-
draught plywoed boat and towed behind the twe operatora



(Figure B)s The gbunned or immobilized fish were collscted
with ecap nets and placed in & tub of water in the boat,

At freguent interwals, the captured fish were anssthetized
with Trethane in & mwermer such as thet deseribed by Gerking
(1dligb) and were merked by clippimg off a part of & fin,
They were retwrned immediately to the waters Two shocking
funs wore made with each unit in each study seotiom, with

. tha exeeption of the une on Wilder Creek. FHere the water
was too muddy for satisfactory results with alternating oure
- rent,  The interval between runs was kept between 6 and 2
hours: These limits ﬁra‘ sat to reduce possible errors
rasulbing from (1) sttempts to reecapture fish whioh had not
£ully resovered from earlier ¢lectricsl shock, (2) the rew
moval of fish from the secticna by fishermen, and (3) losses
of gaing by migration into and cut of the unblocked section
of Wildey Creek, It is believed that no aignificent error
resulted from these causes,

The pe reentage recovery of marked fish by individual
gpecies in all seotions waried greatly with shockers (Teble
B)e Suoh great warimtion no doubt was caused largely by
‘differonces in size of £ish and ease of captwe, Beosuse
mlhr specimens net only require relatively stronger field
intensity for paralysis, btut alse are more difficult to see
and fecover than ere the larger spacimens, the comperstively
high return of trout oan be attributed largely to sizewthe
wajority encountersd of mll three species were of legml
lengbh,



TABLE 8, THE TOTAL NUMBER AND PERCEWTAGE OF PISE RECOVERSD WITH A, C. 4ND D. C. PISH SHOCKRRS IV SPRING
BROOK AND WiLDER CRIEX |

DIRECT CURRERT ALTERNATING CURRENT

“Number ‘ Hunber
Location merked Number recovered Percemt iiarked Number recovered Fercent
and date " Species fish ¥arked Ummariked reoovery fish Narked Umarked recovary
present ‘ ' present
Spring Brock Browm trout Lo 26 11 531 35 10 L 28,6
lowsr sootion Rainbow trout 17 11 6 AT 4 5 L 2 8040
June 5«7, 1950 Brook traub 2 2 0 10040 1 1 Q 10040
Thite sucker sae veo e e ) voe Q 0 P4 0.0
Seulpin % .0 11% 0.0 11 o 1 0.0
| | TN 29 3 L8 52 15 g 28.8
Spring Brook Browa trout L3 2 31 L,8.8 57 20 16 351
Uppsr section Rainbow trout i8 11 6 61,1 21 é 5 28.6
June 6.7, 1950 White sucler 11 6 L 5Le5 25 13 6 52,0
Blaclmose dace 15 5 17 3343 9 6 26 6.7
Sculpin 2 2 7 9.1 22 2 17 9.1
| ““be“rﬁ A 159 15 %‘ Li.2 13 T 70 S
Wilder CreskY Browm trout 37 18 1 L8.7
June 1213, Rainbow trout 16 12 7  T5.0
1950 Brook trout 3 1 1 353
Hudminnow o aze 6 112 L7
White sucker 1l 0 2 Q0
Creek ohub 1 0 0 0ol
Sculpim 39 0 36 0.0
TUTAL 225 37 172 15,%

\Wrilder Creek was so roily thet the few £ish taken with A. C, in the first shooking did mot warramt a second
trip.
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In tha lower, éwiﬁar ‘section on Spﬁng Brook, lsi;-.B
peroent of the total mumber of fish were retaben with the
directmgurrent unit, whereas only 28,8 percent were recove
ered with the alternatingcurvent shocker, The differential
in affioiemy 18 Glye3 perceat, in favor of Ghe directe
eurrant agerogato,

In the slower, upper section of Spring Brook, the
adventage of D. C, over A. C. was not so noticeables. The
altermting;mant recovery (36,1 peroent) was 85,2 pere
cent of the direct-current figure (41.2 porcent).

The mﬁu at which I recoversd marked fish are leas
than those reparted 'by gortain other workers (83 to 89
percent, Smith end Elson, 19503 50 te 95 percent, Schuek,
iﬂ“ ‘eited by 'Eiaon. 1650)s It should be pointed out thet
*bhu paxmle'bions assayed by me were laergely composed of very
small figh, many of whiok were taken in swift wabter where
it is diffieult to see and caplure them. The procedure fole
lowed was the same as that used in meking population
sestimates in whioch no concentrated effort wes mde to obtain
a high percentage of all the fish present,

In spite of the unfavorsble conditions in Wilder Cresk
whioh made use of the altermmtingeswrrent wnit impractical,
& total recovery of 16.l; percent of the marked fish of all
species wvas obteined with direct current, The average
recovery of trowt (all species combined) of 55,5 percent in
the muddy water compares very favorably with the altermabinge
current trout resovery of 3.9 percent in both sections of



Spring Brook. Lithongh fhuo trials were limited, they do
:mdimta ‘bhat, of the imo shmhuﬂ éosoribed, 'hha dinotn
- owrrent . mqhim wag guperice in all sitmtim emamﬁmad.
‘ 'Hmmrm', they do. m“b indi.aato that papulaﬂon ontimtu

- made with this unit are more nlubls.

, jm‘ah' uomity Due %o Bleetrio Shook

ma of the prinelgal objeotions to the use af aloo'kri—
‘ aa.l shooksrs in ab’ﬁaining pepulation eatimm hu hm the

o tﬂntimly high fish mortality reported by am mrhera

| (Hausk, 1,9&9; Gerxing, mpublishv-‘:d)g‘ Sush mortality seens
ﬁc be of m_typiml (1),&:&#&3@@%, where "Bha favhoeieed
 #iah &le without recovering conseiousuess and @) 'mma,
where thpfﬁi!h‘ﬁw to er but dis in a few &ya, pPree
sumbly from mgwm caussd by electrical shook end/or
hasdlings ' -
Baunk (191;9) domi‘bed s 26 pereent énhyiﬁ maml.tty

. in the mggun of uwg_o rainbow trows (amnae ﬂigh‘ks 347

pounds ) rrm an Tdsho "irrigﬁm canal, &srﬁns (geﬂmﬂ
commmientian), in his exporimental mrk. nationd a1 uppsr.
ently similar mortality smong bluegill and redear umﬂshea.,
If such marbality is common, end if the extemt of suoh
losees is not kncm. then the walue of the shooker in making
estimabes of the botm) population will be redused,

I experimsnted to determine the extent of mortality
caused by both alternating and direct ourrent dwring the



svmmer of 1950 at the Almema subestation of the Wolf lake
State Flsh Hatohery, Four hundred and £ifty legal-sized (7
inches or more in tobtal length) brock, brown, and rainbow
trout were used in the experiment., Fifvy of each mpeelss
were marked by z-emmring the anal fin, They were held in an
altamﬁing«-emmt field far 15 seconds, one foot from the
nearest olecismda. An additionsl 50 of each species, fine
clipped by removel of the adipose fin, wers shocked for 15
gsconds with direst eurrent, Agnin they were placed ane
faot from the elestrode, A third group of 50 of each species
wms kept for oomtrols after having besn marked by removing
hs dorssl fin, They weve handled in the sams mawer a8 were
the otbers with the exception thet they wers not exposed to eleg-
trieal shook,

The brock t:ﬁm& averazed 9,9 ilaches in total length,
the brown trout 7.7 inehes, and the rainbew trout 7.5 imshes.
The two growps wers shacked, az deseribed, on May 31, Jume
19, and again on July 6 wisn the experiment was terminsted.
Batwesn exposures Yo shock, the thres groups wers reandamuly
mixad and placed in two racewmys which were covered with wires
to provent depredations by fish-eating birds. The fish were
geined from the pools in order to separate the three groups
prior te shooking: EHatshery personnel visited the pools
dsily to feed the fish and to Pfind, remove, and record any
dead specimens,

The physiecal and chemieal condikions of the water apw
peared to be well within the limits desmed necessary for goond



mulﬁs with the.yshaokar'. Meesuementa wade on ¥ay 31 and

| June 19 indicated that the resistivity wes approximately 3250
(fa'hu por oubie centimeter at 25°C., the pE wna 8,0, and the
methyl orsage alkelinity wes 140 pePoite, Gxprosped as caloiwm
carbonnte, S

m Pish mortality caused by slectrical shock end/or
handling turned out to be both of the instantansous and de-
layed kinds (ZTable 9) All of the 13 fish killed at once had
been laf% in the electrionl fisld lenger than the prescribed
period. These fish escapsd from the scap nets in which they
wore boing held and were lost from view in the water wade
turbid by the seining operations, As e result, they lay om
the bottom directly under the electrods far several minubes
before they ware found end removed,

During the oourss of the experiment, ccoperating hatohe
ory personnsl found six fish which hed disd, But st the
Wmﬁim of the tosts an additional 25 fish wers not re-
é@ﬁrsd. It appears that thess Pish were talen by two boys
with fighing poles who were chased from the pools on the
night of Jwe 12, These 25 fish are, therofore, excluded
from the ssmple on the assumption thet their loss was due to
vandalism and not to the exporimental treatment,

The figures show that of the oorrected number of 275
fish shosked, 6,5 percent (18 fish) were killed. Mortality
osused by alternating ewrrent wme 112 percent (15 trout);
that caused by direct ourrent was 2.0 percemt (3 fish).

Total instentaneous mortality smounted to L.l percent, the



TABLE 9; COMPARISON OF INSTANTANEQUS AND DELAYED MORTALITIES IN
THREE SPECIES OF TROUT SUBJECTED TO ELECTRICAL
SHOCE AND HANDLING

Instentaneous - Delayed more Total number

 mortality talityV recovered
Growp ey 31, 1950 Way 31, 1550, €0 June 15, 1950

o | “ 7 -ﬁ " §
Brook ﬁmm Reinbow Brook Erown Roinbow  Brook Brown Reinbow

Gombrol © 0 O o o o 50 W6 50

| | (L) |
As Ca 1T 2 2 1 s %% b
o o - (z) . (10) (2) |
By Co - O 6 0 0 B0 L7 L7
(1) (2) |
- Juw 19, 1950 Juns 19, 1950, to July 6, 1950
_ , Jvl:f 5 1950

Comtrol ©0 o 19 6 o @ e 5 L9

- | 1)y ) | |
Ke Co % L (4] _ 0 6] 0 Le 32 L5
. D Ge o 0 0 o 0 s} 50 k1 L1
‘w.o'ms LY 6 3 1 L 1 ) 115 S b= TR 115 §

%mtheses indicate figh aasumed ta have bem remaved by pmhars. i
Caught in the seins and nceidmtany crushed by foot of operator,



corrected delayed mortality, 2.1 percent, snd grand total,
6,5 percent, That eélectrical shook is the factor responsible
for these deaths, rather then hendling, is supported by the
fact thet none of the fish found dead were among ths control
individuals.

¥y date do not approach the hi.gh mortality (26 percent)
reported by Hauck (19L9), oven if the uwecovered spocimens
ars ineluded, Feither do they indicate the tendemoy for
mortality in a given species 4o increase with size of fish
as las been reported by some workers. It furthsr appears
thet the mortality rete in thia experiment was considersbly
higher than thet resulting in routine stresm work, i‘-'or in
streams (1) there are usually no greet ooncentrations ér figh
near the electrodes, end (2) the operators move the elec
trodee quite rapidly so that peralyzed fish do not remain in
the field very lomg even if umseene~hences minimizing the
opportunity even for instantaneous mertality.

On the strength of the above experiment and casuml obe
servations, it is believed that the fish mortality cavmed by
eleotrioal shook in routine population studies ia meglipible.
Although sctual counts were not mmde, it is doubtful that
more than 20 fish were killsd in mak

ng the population esti.
mates deseribed later in this report. It also appears that,
of the few fish so killed, the majority will die without
recovering consciousness and will, therefore, be withdrawm
from the oaloulations. It may furthermore be concluded that
fish mortality will probably be less with direct current than
with altermating currexnt.



Belisbility of the Markand.Recovery Method of
Betimating the 8ize of Peopulations

It wns pointed out earlier that, although the merk-snde
recovery methed of astimﬁng the size of populetions buh
been widaiy used in fishery managsment in recent years, its
rl}llhbuiﬁy has not besn universally accepted, Aacsording %o
Ricker {19L8) the reliability of thiz method depends om (1)
the sssunption that merked fish show the ssme rates of more
tality and regponse %o the collestion method smployed as do
wmarked individuels, (2) s negligible recruitment to ths
papulation between the time of marking axd recaptwe, (3) the
presense of & relatiwely high oportion of the t§‘ba.1 popu=
lation as marked fish, and (I}) the recevery of & high
peroentage of the marked fish present.

It was reported by Shetter (persoml communication) and
substantiated by my own experience that shooked and marked
fish show no change in regponse to colleetiun gsar when
taloan with an slectricul shocker, provided thet the fish are
permitted to recover fram the initisl shock befare boing
shooload again for resapture,

Coni'licting statemsnts exdst in the litersture concern~
ing the effects of fin-elipping on mortality. Shettar (1939)
reported s 355 percent martality of fineclipped brook trout
fingerlinge, while unmarked fish of the sams lob suffered
only 2647 percent mortality, The same muthor (1951) has
shom statistically that lake trout fingerlings merled by
the removal of wvaricus fin combinations (left pectornl



sxospted) euffared no increassd mortality vhem kept in caps
sivity » year after marking, On the other hand, the
relativ‘aly fn u‘hu&iﬂ a!' tho é!‘i‘oeti d‘ m?king on ﬁ.sh
ra‘hmﬂ to theﬁu' m‘kml Irmbimt aam to indioata AR AD«w
pracubie imruse in momn'bzh Rm (1%9) ci‘ha& ‘the
work of mrmr (1586) 1n which 1t ws found that rml |
of various fin ewbimtiom frrom ﬁngaﬂing mwm salmen
ruun;cd ina 13 psrumz average imrtam in martulity
during btheir 2-1/2 ym-sf sbsence frnm the lake where thzy
vm'o mlmd. | |
In b:is own g‘budias, Rioker @ﬁ__‘ ) in&iented that
larger igdiﬂdmu of oériain spiny-nwd species were not
harnfully affocted by the removal of fins, whereas small
mn fmlingi 8o marked emhihi‘taé & sms:ml reate only
52 peroent as grest as that of wmerked ones. The figures
prem'bed sbove seem not to gpply in the pramm study.
Admitbedly, small fish in streams probably ers more vulner-
eble to predation by birds, snmekes, and larger fish when
in & state of partial ;mmbilitjy or loss or partisl loss of
equilibrivn ﬁw‘ %ot (1) electronarcosia and stages of
recuvery therefrom (either after fin-olipping or on being
shooked in the stresm but not recovered) end/or (2) anes-
themin frm @hyl carbamate. Howsver, the net result in
mﬂuanc:mg e pupula‘a&m estimate is probably au.gm: for
the reasons thats (1) anly smeller fish are soncerned,
(2) smaller fish are tha c.ihos- lséut ;11551y to be collected
when shooked, (3) ﬁxgy are ﬁhe Pirsk ’té recover from



~electrical shock, and () resovery of fish s attempted
within 36 hours and generally withia 214. hours a.ftér mm&;
. Experience has shown that fish genanuy do npé feod for
. soveral hours after ﬂﬁWﬂg' from alwwmig sﬁ thet
predstion by larger fish is probably mxnma.. mﬁm:z{cj
dus to elestricel shoek, marking, md handling in suﬁh s
. uhwb ,p@riod of time 1s assumed Yo be z'uglig;bla.r o
 Since in my studies the gtrean uee’bioxﬁs ma blocked,
with few exceptions, from the tima of marking wntil reccvery,
uluany gl hours later, recrultment by immigration or lonses
by entgration can be ignored, The use of the shocker pere
' mittmmmrking af-; rdlativqu'l‘stge ;nréez’rbaga va;f the
tatuipupulaﬂanin mogt im‘bm. seulpms wore not |
‘alwys taken in proportion to their sbundance becsuse of
their small size and seoretive hadit. " |
SBince the percenbags of recovery of whed fish varied
neticeably, it ws considered desirable to messurs the
relighility of the sstimites in terms of the recovery pere
: oanteges, To eondust thasa-tec#s, two stream seetions, on
| on Palnt Creck, the other en Spring Brock, were used, The
 soctions will be deseribed in greater detail later in this
report, Each gection was blocked with geinss, and the fish
were collected electrieally and marked s previously dom
 seribed. After a 6uhour weit to permit the shocked £ish to
ﬂ@wﬁr‘. a sesond shooling run was made. The unbers of
meried and umarked fish wers mmm, following whieh the
nation was ahechd‘r@pntadly witil no nors !‘ish ﬁra



tolan, Population esbimates besed on the firgt two trips
through the secilon were then wade, uaing the formula given
by Ricker (19h8)¢ | |

whara P » the total saémtﬁd populabion
¥ o the totel mamber of marked fish present
. R = the mmber of marked gish recovered
B = the total memryorbothwhadmdwlmd
£ish
% o the qmtm’b R/ﬁ

wbn aa‘bmatod and sotuel mmbers of the wiaw spocm
mmimd are shewn in Tables 10 end 11.. From hha ratio of
marked fish recoversd to the total mmber of fish recoversd
(mj in the sseomd ehooking run, end by mﬁrring"ao’ the
table ét 95 peroent ucmﬁ.&ema limits in Snedacor (19hé,
paee L), the lim:lta.cf the estimate at the 95 percent lwel
can be determined, These fiducisl limits are shown in pars
entheses irmediately below the estimated numbers of each
species in Tables 10 and 11, In no case did the estimate
fail to fall within these broad limits. |

‘The magnitude of R/N is o measure of the relisbility of
the estimate, for the grester the valuwe of the quotient, the
narrower will be the spread of the fiducial limits and the
grenter the reliability of the estimbe if it falls within
these limits, It may be seen that the esvimated nuibers of
largor fish ‘vax-;,r nlosely npprgxim'bc the actunl numbers ree
coversd after repeated shocking. The sizeble discrepancies



TABLE 10, THE ESTIMATED AND ACTUAL NUMBERS OF FISH IN A BLOCKED-OFF SECTION OF SPRING BROOK, MICHIGAN,
AS DETERMINED WITH AN ELECTRICAL SHOCKER

The 1limits at the 95 percent level of confidemce are shown in parentheses

Husber of marked Number of werked Total aumber Ratio Estimated Actusl mumber

Species fish present () fish recoversd (R) recoversd (H) R/HE  nuber (P)}/ in sectiom
Brook trout 16 i 16 0.88 18 18
, (16-2L)
Brown trout 117 63 90 0.70 167 153
(148-195)
White sucker 25 28 32 0.88 Lo B 1Y
(35-U5)
Blacknose dace 12 6 9 0.67 18 36
(1hy-li6)
Seulpin 167 29 189 0.15 1092 839
(835-1670)
TOTAIS 1335 1090

WP a N H, seo toxh.'
i
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TABLE 11, THE ESTIMATED AND ACTUAL NUMBERS OF FISH IN A BLOCKED-OFF SECTION OF PAINT CRERK, MICHIGAN,

RMINED WITR AN BLECTRICAL SHOCKER

The limits at the 95 percent level of confidence are shown in perentheses

Humber of marked Nusber of marked Total number Ratio ZREstimated Actual number
Species fish present (N) fish recoversd (R) recovered (H) R/R awber (PN  in sectiom
Browm trout ) 0 l see 2 2
White susker 13 L 9 O.Ll 30 2g
(18-108)
Bleaocknose dace 16 L 9 0.4l 36
{29-200) 39
Bluntnose é 2 3 0.67 9 1
ninnow o (7=32)
Soulpia 117 23 11k 0.20 580 672
(L403-900)
TOTALS 657 756

@P;Hﬂ,.eaetext
B
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botwoan estimated ond aobuml mmbsrs of blacknose dace and
soulpin may be explained on the premise that these very
mnall individvals are not readily seen or oaptured so that
the velues of the toitel mwber taken even after careful
end ropsated shosking, way be no more miébls then the es-
timatos,

?rm ﬁm reaul‘ha of 'bl'mn hatm, althau@ thery 8o
limited in nm'tm'. it vey be assumed safely thet emm&
mubers of large ish based on R/ values of 0,50 or greater
2o Muliy ;*ali&hlq within the limits of practioslity as
erbitrarily set ot the 5 percant fiducial lovel. Estinates
B&Mﬂ on lew valueg of B/% are not ralinbls re@rdleaa af |
ths ma of ﬂmﬂ filh- -



'ECOLOGY OF THE STREAMS AWD THEIR FISH magwuoﬁ

g of 58 mters mw&%ﬁgm as trout stroams in the
southern part of the state recveive extrumely hesvy fishing
pressure dwing the early spring, while the better ones mmong
them provide angling for numerous fishermen throughout mosh
of the open trout seasonm, All are stocked with legal-sined

 Imbohery trout (7 inches in lengbh or greater) prior to the

opening day and cecasionally during the course of the season.
Except for & few cateh records and soms u&uﬁaﬁg
reports, there exiets little factusl information on the suce
cens of stocking and the ability of the various stresms to
support and produce trout. Yet from these reports, there is
an indisstion that both the .gaawmﬁm of atocking and the
ability of the sk ,

gans ‘o aupport trout vary tremendously
between streams, This plmse of the Mﬁﬁm&w%ﬁoﬁ WBS conw
duoted with the purpose of aogg.ug and isolating if
posglible the fectors influeneing trout production in repro=
/, awﬁ.ﬁ@ﬁm gouthern Miohigan streams,

The Stresms Studied

The thirteen streams chosen for study are loeated in
that part of the state south of highwey M6, Nesrly sll
are within convenient driving distence of largs centers of
population and ave heavily fished at least during the early
part of the open season, All streaums sﬁ.o reoeiving annwal

h



~ pleantings of mtowxfy—re&u& trout st the timo of the atudy.
Thess water courses ere so widely scabtered soroes the state
’aﬁm the tm required for travel would have made it imprace
tioal to at’bmpt & mma sttuly of all of them., There
fm, follwing Y aup@fiehl mﬂmﬂm of eanch girean,
fowr were ulemd for intensive inwatigaﬁm. The nine
streams examined only supseficially are listed below and are
'mmma at lorxth in Lpgxndix II;
Puint Graok, Opklsnd County
‘Ricp Graek, Calhoun and Jackson Countbles
@ass Creek, Zarry County
Bilver Greak, Allegan Goimﬁy
Bear Creek, Allsgen camy
Sand Gresk, Allegan County
Sm Crosk, Mlem County
East Hranch of the Paw Iew River, Van Buren County
Kensie Oreak, Cass Cowrby
The faur wlors studied iui:miwly wera chugen to ine
oluds, insofar ss it wes possible to determine from existing
information, both good trout streams with sizable populew
tione of maturally reproduced fish and stremms whose troub
populations sre belisved to be maintained largely, if not
sntively, by the stocking of legalesiced ‘tmtaheryormeﬂ
trout.
The four streams that recelved intensive study are:
Paint Creek, Washtenew Cownty
North Branch of the Saline River, Vashbensw Gowrty



Wilder Ureek, Calhown Coumty
Spring Brook, Kalemszoo Cowby

'Baain for Salection of Streems and seottanj for Study

. fhe sslection of the four stresms and the seotions on
sach 0 reeeiv intensive study were bused n ascessibility
and personal Judgemt, rather than on a method of randam
sampling as suggested by Mottley (1948h), for several res-
sons: (1) relatively large partions of moms eireans flow
through privately owned lands snd were not thenm opem to me
for studys (2) soms waters are too drop wnd others support
excossive dover of brush and shrubs on the banks which made
impossiblo the use of census methods selected for the ine
- westigation; and (3) it was desirable to have the group
inoluda both good and marginal trout stresms located rela-
tively olose to each other in order to facilitate the work.
The nunber end size of the sections selected far study were
algo determined by mcoessibility and physical characterise
tien.

It is true that 4he Pindinga cbtained frem the study
of these arbitrarily selecied streams cexmnobt be applied with
oconplets relisnce do ull sowthern Hichigan trout wmbers.
Sush was not the purpose of the investigation. However, the
results of the study mey be of preat valus in the managament
of other streams in the region if conditions are similer,
and if the methods of cbtaiming the infarmation in the
present inveatipmtion are given careful sonsideration.



Befare attempting to evaluste the effects of the veri-
ous p!wsiml. Qhﬂmial, and biologieal factors influencing
trout praductizm in eaah of the strm, & measurs of the
produstion first had to be mde. To obbain this informes
tiom, poriodical estimabes of the fish populations, both
trout and non-trout, wersa conduoted sccording to the methods
dns@ibeﬂ earlier. These as’simm wore designed in some
:lmms 4o zive an indicetion of §he axtent of migration
into and out of the sections over short periods of time,
Since mleta arasl consuses were impractical, estimetes of
| ielafbiw fishing pressure on the streams were obtained
tbfuugh osoasianal apot eracl ocounts,

" On sach stresm selested, physical and chemioal features
suspeeted of influensing production were messured, often at
sucesasive mmrma.' These features inecluds tempersture,
fluebuation in Flow and level, depth, bobtom type, dletribue
tion of pools, pﬂ, harduess, and electrical am&n&tiviw-

Semples of the bobtam food organisms wers taken from randimly
selected gites in smch of the major bottom types represented,
Ab eppraximately the same Sime, samplos of the fish populme
tion ware made in order to compare the food ubilized in
 relation o the Pood available and bo provide an indication

of the exbant of predation and food sampotibion and the
‘relstienahip between standing erop of £ish and of food,
An effort wes made to masure the success of trout spawns

ing in each stream by making nest counts throughout the



lpming BSES0D. and by mrmming the nmhar of viubla eges
ina mla of muts. .&11 hatnmry—rnwaa fish of ench
plunﬂng wors given & Miﬂuﬂw fin-aclip in az-dnr that
thsy might ‘ba idm‘biﬂ.od at » hter &a'ha, and that suwvival
mﬁgs migﬂs be ea'bmtod‘

Dosaription of the Streans

T’m i‘mn' wadm'l ctudiod mmiwly inolude, by reputa-
‘bixm, mlhnt, faﬁ.r, and mrgiml trout streams as
indicated. Two are in the so\tthsutam. one in the south-
asntral, md one in the southwsstern portion of the stota,

Paint Cresk

Paint Creek arisss in Washtenaw County in the south-
sastern parb af the gtate, | It flows 30 miles generally
south and eaé'b aﬁa enters lake Eria in the vieinity of
Honrop, Michigen. The geﬂ in this regiaﬁ is composed
largely of a mixtnra of cia;f:, loam, and fine sand, and is
relatively tmpervious ’éu water infiltration, HMost of the
min‘fnll‘-le&ws izha soil as surface runoff and very little
poreclates into the grounds The runeff is further
imraa-@é by intensive cultiwation of the gently rolling
.‘tan&s‘ and s & result, very few spring.fed lakes and
mms a.ra found in the regions OGenerully, mly the mare
ginal hnd along the stresm haes a pormanent vegetative
cover which dﬁae a.:“v.d uomﬁwint in the retention of moisture
in the soile



Ppint Creek is Fformed by tributaries arising in Pittse
£ield and Tpeilenti townships. The two principsl brenches
originate in a@icultml land; but because they ere shaded
by deciduous trees aund dense growths of shrubs and vines
 along their banks (Figure $), the water remains cold even
during the hot suomer periods, The two brenches join newr
the southern boundary of the Washbtenew Jounty Sportsmen
Club grownds, southwest of Ypéilsubl, Shortly after leaving
the Club zrounds, the stresm flows through open farmlends,
snd during normal swmers, these lower reaches warm to ‘teme
poratures unfavorable to trout, It therefore appears that
only the gpper two or three miles of the stresms may be cone
éfidarad trout wator on the basgls of averags summer water
temperatwes (renze of midswmmer maxims, 53“ to 67°F. ).

The water in the Paint system is slow-moving over e
Pottoam of fine sand end silt. Only rarely is fine pgravel
sncountered, The orgunized spartemen in the area have
installed numerous artificial improvement devioss dseigned
to creats pools, and without doubt Inve succeeded in im-
proving oconditions ccnsiderably, n the basis of these
improvement deviess, a pool-gade value of 1 (Embody, 1927a)
is assigned thie partion of the streams Vegetation in
the stresm is practically nonesxzistent, probebly due largely
to the shifting of botiom meterials, The brown and the
rainbow trouts are the only geme fish in the upper portions
of the siream, although e slseble non-geme fish populetion

ocours in the spring end serly sumer, The warious



Figurs 9.

Pasint Greek within the Washtenew County Sportsmen
Clud growmds approximstely fowr miles southwest
of Ypsilanki, Note the heavy s'elhgc uhi.uh almonk
Bmgla‘haly shaden thw gtresm, .






physiosl, chemionl, and biologienl festwrss of Paint Creek
are discussed in gremter detail in following sectians.

Horth Branch of the Ssline River

The XNorth Branch of the Saline River alsc arises in
the agricultural lands of Washtenaw County. It is formed
by three tributaries which are 1ittle more then agricule
twral dreins and by one short branch which has its source
in a emell spring-fed swemp on the west silde of the Amn
Arbor-Saline higromys Two of the pringipal tributaries
arise in Pittsfisld township and ons in Lodi, During nare
mal summer levels, these affluents are so small and shallow
that they can soarcsly be considersd trout wabters, although
their swmer bemperatures (range of mezima, 61° te 76°F,)
eppeer to be tolerable bo trout. Upstreas from the Am
Srbar-Saline higlemy bridgs, all pordions of the stresm
suiteble for trout are closed to publie sopess. For a
quarter-mile below the bridge, the Yorth Brench is quite
well shaded (Figwre 10) and summer water temperatures are
generally within the tolersnce limits of trout, However,
it then flows through apen pasbure for s nile bafore it
Joins the main Saline River, During this mile of shallow,
open-water traverse, through farm and pesture lend, the
temperature rises rapidly, Figure 11 illustrates the gene
éral luck of shade and oogver in thia portion of the stresm,

The Saline River itself is s slow-mowing, shallow,
warn-weter stream and is apparently unsuiteble for trout
during nornal sumer weather, Immediately below the



Figore 10.

The North Brmeh of 'tﬁhﬁ Balim Eima!', Washtam
County, Michigan, six miles south of Aun Arder,

& i% lenves & wooded ares and enters cpey page

twre land, Hote floed debris pllied ageinsb the
mmtbmra@mpia‘hmu
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eonfluenee of the North Branch with it, the main streem runs
through & reservoir in the city of Saline and then south to

join the River Reisin, whioh empties into lake Erie at Mon-

ros, Michigan,

Apparently because the Forth Braunch of the Salims River
kas considerably less shade snd cover along its banks than
does Peint Creek, it is subject to groater extremes of 2um.
meyr water temperatwes throughout its fishable length of
1-1/l; miles. Similerly, the smaller area of the Horth
Brench drainage basin under permenent vegetative cover rew
sults in a noticeably greater fluctuntion in water levels,
Floods are of coemon occurrenoe during the spring and early
sumney months. The stream bottom is composed lergely of
gravel with large areas of rubble and sand interspaced. A
eamparatively high stream gradient in the lower stretechss
tonda to keep the gravel and rubble exposed, Aguatiec
vegetation is rars, represented only by an occasional mat
of filamentous slgee end Rannunoulus. Along the shores are

stands of Hentha, Myosotis laxa, Dienthera, and Iris.

The stream is subjected to heavy fishing pressure,
pertioularly during the first few days of the trout season,
During the later swmer months, few fishermern are seem on
the stream, There have been no sttempts at trout habitat
improvement apparently because there appears to be & Socd
distribution of pools and riffles, Iowever, the guality of
the povls is gensrally poors Except for a few deep holes

with good cover, the majority are shallow, exposed, snd



‘Figure 1le The North Brench of the Saline River, Washtenaw
County, Michigan, meer its junotion with the
- Baling Riwer preper, spproximaiely seven miles
south of Ann Arbor. T goneral Jack of shade
and cover i3 evidemt, - S






emnll, A pool grade of 2 (Embody, 1927a) is assigned.

Brown trout and rainbow trout are found in varying mumbers
from season to season and year to year. Thoy are present
as a direct result of ysarly stocking operations, and are

‘& small part of a highly wried native fish fauna.

Wilder Croek

Wilder Creek is located in Calhoun Coumty in the southe
central portion of the state. It has two major tributaries,
one of which erises frgm seepage end springs in the towm-
ship of Rekford, and the other as the outlet from the
- northermmost of the three Kesler lakes in Albion Township,
Tm‘vstrem flows generelly wast and north for nine miles
‘and 'en‘l:grs the Kalsmagoo River two miles east of Marshall.
Because the soil in this region is more porous than in the
eastern part of the stete, absorption and psrcolation of
water are proportionately greater., As a direot result of
this incrsased absorption and the relatively wide strip of
treg« and shub=covered land on eitler side of the etrean,
flustuations in water level asre usunlly slizht and summer
water temporstures are generally lew throughout the whole
length of atream,

There are no falls of conseguence in Wilder Cresk and
fow very deep pools in the accessible areas. Pools of
moderate depth and good cover ere numerous warranting e
pool grade of 14 The bottom is composed of large extents
of fine gravel m'&erapaosd with similar zones of soft,

silty bottam. These conditions sre to be expscted in this



regzion in streams having a relatively slight gradient,
sulmergad aquatio vogetation is prmtiaally mn-exiuﬁent,

l'bhough thare ars dense tanwles of winow “oots in the
m‘bor. These roots serve as exaallen‘b hiding Qlaoes for
tiahm :ma a8 Mbita-b for squatic arganiams.

Tm 1..1/a-m11e ssetion farthast dmatream in Wilder
Croek is cloaed to ;mblie acoess snd was, therefore, not
ﬁ%:udie&. Imsdiatelg upa'hreem, the lecsal s:porbsmn have
converted o rearing pond adjamt te the oreek into &
 trowt poud. Further improvements by this sroup imolude
a é.lﬂb-ho‘uae knosen locelly as -hha "‘ﬂaa“tle," and the |

planting of 1/h-mile of streem bank to woeping willomwe

| (ﬁalﬂ.}x babyloniea)s These plantations and the native
| ﬁmﬂ and ahruhs ngeﬁdﬁ alnost complete shade for the
émam during the summer mﬁths (aea‘ Figure 1.2)}.

Eémusa Wilder Creek is éomparatiwly eloss to ssveral
urbeyt communities and is eonsidered Yy the fishermon to be
2 zood trout strewi, it m’tm'ally is subjected to rather
hoavy fishing pressure, Angling intensity is greatest at
the olub grounds, in the 1/2 mile of acosssible water belcw,
and in the three miles immediabely abows the club property,
From this point, three miles sbove the oclub grounds, to the
hoad of each of the two major tributaries, dredging oporas
tions Yegun in July of 19LO and combinuing through the spring
anfl summer of 1950, have straightensd end lewveled the stream
chennel te sush en extent that it is now merely an agricule
turel drein., Pools and cover in this portion are no longer
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Figure 12, Dense growth of deciduous trees and shrubs
provides almost complete shade for Wilder
Creek, Calhoun County, Michigan



of preforred quality for cptimel trout abode., It sppears
that water action and the ensrosclment of bank vegetatiom
will, howsver, eventually eonvert the oreek to its formee
condition, Brown trout have been planted ammvally since

19333 brook trout and rainbew trout have been stooked ex-
tensively 1# the last few yesrs. The thraé 8pecies are &

gumll part of & veariad fauns.

Spring Brook

Spring Brook, in Kalamezoo Counity, is by reputation
one of the best trout streams in southerm Michigan. Ib
srises in Richlend Township approximately seven miles
.north of Kalsmugoo, and, fed by springa all along its
course, flows south through moderately hilly terrain to
join the Kalamazoo River near Parchment. The organized
sportsmen of the region have within the lsst few ysars
placed a dam at the m@h of Spring Brook and have diverted
1%s waters through a shallow, open ditech into Farwell
Creek, themce inte Burns Creeks This latisr stream empties
inte the Kalsmagoo River approximately two miles noarth of
the originel mouth of Spring Brook. The diversion was
desipned to prevent the trout in the strean from enmtering
the Kalamasoo River so near the city of Kalawazoo, where
pollution was thought to be & menace to fish life. The
suceess of this venture cannot be properly svaluated be-
cause informetion on the mmber trout killed by pollution
bofors the dam wes built does not exist, Trout are found

in the diversion nearly to the mouth and thers is litile



reason to suspeot that they mey not enmter the Kalsmesgoo
River by this indiract route,

The soil in the western part of southern Michigen is
composed mostly of sand end gravel. Although much of the
surrounding land is under intensive evyltivation, that part
.of the dreinage basin bordering the stream is well gcvera&
with deciduous ghrubs mnd trees, The soll porosity and the.
vegetative cover cause much of the rainfall to be retained
in the soil, This water percolates slowly through the
ground and emerges o6 mumerous oold springs. The results
eres that the stresm resins cold even on the hottest days,
(midswmmer weaxime, 59° to 62°P,), and it ia seldom subjeot
to flooding.

The first mile of Spring Brook fram its source flows
through open meadows end is so small thet it supports few
legal-sizad trout except temporarily during the spswning
season. The remainder of the streem all of the way to its
oz'igiﬁa.l confluence with the Kalamazoo River, flows through
alternately-spaced open meadows end wooded aress {such as
shown in Figure 13). Approximstely one and one-half miles
of this stretch of water 18 closed to publiec sccess. Many
‘exoellent pools are thus not awmileble to fishermen,
Because the strsam gradient appears to be considerably
stseper then that of Wilder Creek, there is r grester number
and better distribution of rifflea, There are relatively
few deep pools, but as in Wilder (reek, pools of modsrate
depth and good cover are numerouss A poolegrede value of 1

le assigned to Bpring BErook.



Figuwre 1§a Open mvadow on Bpring Brook, Kalamesoo Counby,
. Michigan, with deciduous farest in the bask.
growad, o 4
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An estiuvated 80 percent of the bottom of the accesse
ible portions of the stream are gravel; the remainder is
gompoaed largely of rubble with some ailt end sand present,
A total of nine speocies of fishes has been recorded frem
Spring Brook, The brook trout and browm trowt, both of
which have been establiashed by plantings, are the two ime

portant gawe fishes present,
Beologieal Features of the Environment

Selected physieal, ochomical, and biologieal femtures
of the environment suspeoted of influenecing trout production
wore measured, some at frequent intervals., The quantitative
values of these measurements, together with & discoussion of
the method employed, will be presented in the following
seotions Ewluation of the factors will be ettempted in the
section following the presentation of the fish population
characteristics, Although certain features, such as fishe
ing pressure and spawning success, are a vital part of the
snviroument, they are mare typically associated with fish
populations and will be disoussed under that heading.

Location of the atn,dx Seations

Ihe study sections were sslected in those portions of
each strean which were open to public access, whioh were
Imown Yo hava trout present, and which could be waded., Only
on Paint Creek were the size end loocation of seotions

seriously affocted by these restrictions. Exoept for one



relatively short streteh of suitable water, there wus
either an absence of trout during the time of the survey
or the stream was so camplétaly.grom over with shrubs and
vines that walking in the strean wes impossible. The
locations of the six study statioms are given below,
Paint Creek, The section began at a point 55 feel
upstream from the lowsr boundary of the Washtenaw County
Sportasmen Club property and extended 550 feet upstream.
The upper limit of the }asctim wag the junetion of the ‘two

gtream branches,

Borth Branch of the Saline River
- Saction As The lower boundary of this study ares was
luca._ted 175 feet below the Water Warks Roasd bridge. The
soction extended 1,L20 fest upstresm to Schultz's wagon
bridge or a polnt 20 feet below the owrrsnt confluence of
the Horth Brench and a draivege ditch entering from the
northeast,

Section Bs This part began et the junction just des
sorited and continued 1,000 fest upstream %o a small natural
rook dams The two sections include most of the stream open
to public aceess which contained trout during tha‘ summe
months,

Wilder Cresk, The study ares on Wilder Creek had as

1ts lower boundary the steel and stone bridge just above
ths sportaren's clubhouse known as the Cestle. The first
highway bridge 2,500 feet upstiream served as the upper

limit of the sectiom,



Sprinz Brook
Section A. The lower boundary was located at the foob

of s riffle 365 feet below the bridge on DE Avenue. The
atudy area extended upstreem 300 feet,

Section B, This seotion began at the fence immsdiately
above the 2Lith Street bridge and extended 500 feet upstroame

Yeasurements of the warious featwres of the envirommwunt
wore taken &t the beginning of the study and thoss which
appeared to be subject to weriation wers made at frequent
intervals, The methods employed in obtaining these meseure-
nents are given in the following section.

Shallow yiffles were gummny ehoson far the section
boundaries for ease in bleoscking off the areas against fish
migration. The barriers consisted of chicken wire fences
on steel fence posts driven into the stream bottwm, Seines
were stretehed over the wire and were psgged into the
bobtom end 8ides of the stream with steel tent stakes,

Rooks and gravel piled on the bottom of the seimes with

one exgeption prevented the barriers from washing out wnders

neath and at the sides dwring the short period of use,
8eation lengths were measured to the nearest 5 feet

with & 100-foot sbesl tape. Stiream widths were measured

generally at 10-foot interwals, to the nearest foot. Depth

neasursments, taken from a yardstick held vertieally on

the botiom, wore obtained at uwniform intervals along the

lines denobing width of the stream end wswmlly ranged from



Iy to 8 measurements per line, Maps of the sections were
prepared which show depth contowrs at be, 12, 2., and
36~inch intervals and the extent and locetion of the vari
ous bottonm typess The area betwsen successive depth
sontours and the aree occupied by each of the major bottem
types wers measured from the msps with & pleniweter,
' Yhroughout this study, bottom meterials have bLeen
designated ns follows:

| 8ilt - extremely finely divided particles which when

disturbed gzo into suspsnsion and sebttle vory slowly,

 Sand » particlea varying in size from approximately

- Oyl b0 2 mm, in diamater,

Gravel - particles ranging fram approximately 2 %o

50 zm, in diameter,

Bubble - particles renging from approazimately 50 %o

150 mm, in dismebar,

Bedroek - solid mineral rocit.

Hardpan - generally composed of sand snd gravel pare

tloles osmented together with elay.

The particle sizes given above are only mpproximations,
Because the size of components usually varies with depth
into the bottom material, the designation of bottam type
has been based on the size of particles predominating in the
surface layer,

Alr and water tempersture measurements were cbtained
&t two- or thres~hour intervels in conjunetion with othepy

work on the stream at that time, Teylor pooket thermometers



wore used to obtain these resdings, Air temperatures were
read with the thermometer shaded fram the sun and held at
waist height directly above the stream. Water bempera-
tures were determined while the bulb wes submerged.

| Three«foct graduated stakes or depth gauges wers set
out to msasure the flwstusbion in water lewsl, The staless
were sdequate exoept dwing one flood period on the North
Branch of the Saline River, In this instancs, the height
of the water was measured from a peneil wsrk placed on the
bridge near the Saline Water Works pumping station during
the orest of the flood, Attempts to msaswse the extent
of siltation in the warious cestions woere made by driving
18.4nsh stakes into the bottom at selected locations, The
stakes were driven down watil & notoh prewviously out ‘coin-'-'
¢ided with the surfaos of ths bottoms At a later date, tha
level of the bobttom with respect to these notches deter
mined the extent of siltation or digging. |

Hydrogeneion ccneentration, alkmlinity and elestrical

resistivity ware wmesawed primarily for the purpose of
determining their influence on the efficiency of the elecs
trisal shocker in censusing the fish populstions, These
variables have besn considersd important features of the
enviramment and are discussed here, Colorimetric measure.
ments of pH were cbtained with Hellige indicator solutions
and glass comparator disos gradumted to the nearest 0.2
uit. Alkalinity was measured with phenolphthalein and
methyl orange indicator solutions and titrated with 1/50



noresl sulfuric seoid, following the methodelogy given by

" the American Public Health Association (19465, paze 9)s
regults are expressed s parts psr million (p.p.ms) of
osloium carbomate, Electrieal resistivity measurements
were made with s conductivity bridge and dip cell manuface
' tured by Industrisl Instruments Company, All valuss
obtained were corrected %o 25°C, and expressed as olms

per ocubic eentimeter,

Samples of the bottom food organisms wers teken from
randeomly seleoted sites in each of the major bottom types
represented, The samples wers talen with the aquare-foot
stream sampler deseribed by Surber (1937). After sifting,
the organiems were removed and preserved in 70 pereent
sthyl aleochol. Volwmeetrie measurements by water displscee

" ment were made mecording to the method deseribed by Lagler

(1950) for food studies. A% epproximately the ssme time

' the bottom samples were taken, samples of the fizh popula~
tion, both trowt and domirmnt non-trout species, were
collsoted and presorved for study of food babits,

FPhysical Features

Morphomwtry, The msasurements presented in Table 12
were made dux:lng normal summer leﬂlis The length, avere
age width, and Aroa of the verious study ue"ciam are
shown in the first three rowm of 'kha taﬁla. In the first
eolumn under the hesding "Depth" are shown the arbitrarily
selected depth somes such ma O to 6 inches, & to 12

inches, and @c forth. In the colwmns to the right are
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4iBiE 12. MR DARTITG AND szw. FEATURES OF STUDY SECTIONS OF TROUI
7 SYREAMB OF DIFFEREN? QUALITY IN SOUTHERN MICEIGAN

o o ... Korth Branch Selins = Spring
' Obpervation Paint River Wilder _  fSroeck
.. . gGreex EBectiom §c¢1:im ¢reek Section Section

A B ‘ A B

length (fess) 550 1420 1000 2300 300 500
Aversge width S '
(fnt) 12,5 11,3 12-3 U2 12,1 12.3

Area (square

rost) 6675 ok 150 Je660 330 6150

Depth zones
poroentage of
surfece ares
- of the ssetion

06 9.9 33,6 337 U5 176 19

6-12 38,3 Ll 2.y 18,5 3By 25.6

m-% \ 26,7  23.0 3L47 h&e 39.2  28.3

36 und

~ deeper 0.8 0.2 1.:1; 0.6 0.5 348

Bottem type, pere
smtage of total
ares of seotiem
811% _ 1.0 0.8 : ™ | 278 0.8 11.8
Sand 9905 26,0 930 3640 8 62,1
Gravel 8.t 679 Li 27,5 9.2 237
Rubble 0.0 L7 1.2 8.7 Lo 2.
Hardpsn 040 046 O 040 0,0 0.0
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‘the aress occupled by emch zone in the various sections
sxpressed as percentages of the surfuce area of the respec-
tive ssction. Completing the table is the presentation of
the arecas owupi;d by eash of the major bottem types repre-
gonted, These figures are also expressed as percentages
of the total surface aress Ths possible significance of
these velues will be disoussed later,

Shade and Cover. Hoover and Morrill (undated) showsd

that in certain New Hampshirs trout streams there was no
correlaticn between bank oover (shade) and the numbers or
size ‘ehésfca of trouts They eleo found no correlation bee
tween sheltsr (hiding places) and trout numbers or size
clagses, However, the wariation in amounts of shade and
shelter or cover in their stresms wes slight in comparison
%0 the extremes found in my study sections. Because it
was suspsoted that these extremes might influwence trout
production significantly, the exbtent of these featwres in
each section was measured,

The extent of mid-day shade in the study ssotions
ranges from nons in Seoction A of the Horth Branch to neerly
sonplete gtreambank cover in Paint Creek. The dense growths
of deciduous trees and shrubs margining this latter stream
have been desoribed, Seetion A of the North Branch flowe
through open pasture land and is entirely without shade ex=
espt for that provided by the bridge on the Water Works
Road« Further, there are no areas of wndercut banks nor
deep pools to provide shelter, Aboub 30 preeﬁ% of Section
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B of the ﬁmh Bransh flows through desiduous woods, 7The
remainder of the section ig in open pastwre but hes seve
eral dsop holes with undercut banks, Ths study ssction

on Wilder Creek 18 about G0 psrcent sheltsred fras the sun
by willow plantings. There are numerous deaep pools with
good bottom sover. OSeoction A of Spring Brook flows
through pastureland and has only an estimated 10 percent
of its length covered with streamsids vegstation, Thare
are, however, four excsllent pools with deeply wundersub
baniks, Sootion B of this stream, albthough of greater avers
age depth (ses Table 12) has only slightly more extensive
streamaide shrubs, and practically no undareut banks.
Bottan cover in the form of a few large bouldsrs and stumps
is scaroe.

Vinter Temperatuwre, It has been generazlly accepted

(allee ot al., 1949) that the wvarious species of aguatiec
animals have different opiimmm temperaturs values and tmt
these temperatures, generally above the midpoint of the
range tolerated by the species, sause an inorease in the
rate of bilologioal proocesses of the animal bheyond that of
higher or lower temperatures. The warmer the water, with.
in limits, the faster is the grwkh rate and the sconer
will poikilatlnml animals reach sexual maturity. Numer-
oue werkers have listed slightly different valuss of the
maxinum vatar temperaturs tolerated by the various spscies
of trout (Embody, 1922, 1927b; Brett, 19l Fry, Bart,
and Talker, 19L5; and others),
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Since at least a few trout were present in all four

of the southern Michign streams under study, it seemsd
doubbful that summer water temperatures in any of ‘them would
" remch the lethal limits reported by these workers. Howe
awer, troqmt readings of both air and witer temperaturss
wore taken during the sumer of 1gL9 and 1950 o give soms
indiettion of the effect of thermsl differences on trous
produstion and to show the correlaticn betwsen air and water

‘ Wama on anymu sbresms These tempsratwrs readings
" have ‘hueh‘@eﬁpod mto fwo~hour per:lods and are pressuted in
Figurs 1. Sinoe the two seotions im Spring Brook and the
taro in the North Branch of the Salime River are adjoining
in o&ehm, the results lnve been cmbimd to give one
set of veadings in sach stream and thereby 'pi-evzao; larger
sample., Admittedly, the numbers of cbservaticns during a
stated time interwal are mot suffisient to determine the mean
sunser temperatures with mocuracy, Howsver, they are no
doubt adequate to measure the correlation between air and
ﬁm Wnﬁm: and to be suggestiwe of extremes and the
durations thereof (Table 13), From similar messurements,
Exbody (1927a) was able to predict for stresms in the vicine
ity of Ithaca, Hew York, the maximum water temperature for
 sny stated air tempsrature reading.

In apite of the small n@ber of degrees of fresdemm, it

appears that thera is very significant correlmtion at the
5. parcent level of significance betwesn mean summer air and
water wﬁtma in all streams excspt the Narth Branch,
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TABLE 13, CORRELATION COBFFICISNTS OF ATR TEMPERATURE WITH
MEAN GUMMER WATER TRMPERATURES IN FOUR STREAMS OF
EXTREME SOUTHERN MICHIGAN

o Dogrees Correlation Significant sorre-
Stream of  eoefficient lation at 5 pore
fresdom (r) mtlgvel
Ar

Paint Creek ,‘ 3 04967 0.878

Horth Branch of |
Saline River z 04160 0.878

Wilder COresk 2 0.978 04950
Spring Brook 3 0,95 0,878

For the latter, exsmination of Figure 1l will show an ape
parent lag in the rise and fall of water temperatures as
the air tempsratures inmorease and deoreass, This lag exe
piaing the lack of sorrelation (r = 0-.160), am‘!.iia no doubt
saused by the relatively great distame belween the points
where temperatures ware read and the sowrce of spring
water,

M obher words, the water in flowing from its source
%o the downstream sections lmd been exposed to warm air
(afterason) for seversl hours snd wae still bescoming wermer
siter the air had begun to cool.

Floods and Siltation., Some difference of opiniom .

epparently exist in rogard to the effeocts of floods on
streem life. Gerking (1950) in an Indians stream recovered
) percent of the warm-water fish population in i%s |
original loeation a few days following & severe flcod. Be
found that small fish were not more ssriously affected
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than large fish by the flocd waters, On the other land,
Lord (19146) ropurtod -b!n‘b £loods cmuse aers.ous traut BT
tulity, par'bicularly smong the smaller brook -brmzt and in
streams with lw bmh In additicn to dimu‘b ﬁah nore
| hlity, flo0ds are alse reported to lower i:hu cxygen level
| ‘Aez‘ the mfm' (Mgm'bam. 1936). and to cause a marked
Lvdocruno in tho supply uf invertebrate i'om@ organisms

o thraugh ncomug gotion and giltation (Kaﬂn, 19 365 Allem,

19511 WW: 1951).
o Flmﬁmtimu in level and volume variod greatly from
stresm o ltrcm tbroughw‘b the poﬁ.od of study. The great-
est incrsase in level and flow above sunmer normals cocwrred
in the North Branch of the Saline River when 1,37 cubie feet
pu,"’ second of flow were measured on April L, 1950 (evmmer
normal, li cublie fest per second), The Lsupcld-Stevens mide
gvt cwrent moter was employed to measure the current
welacity. Ail other values of volume flow (Table i) are
baged on velooities measured by the float method deseribed
by Weloh (1948, p« 153) aml sre presumably less acourats.
Abtempte at measuring the exbent of siltation by mesns
of stakes driven into the stresm botitom were successful oaly
%o a slight degree, With the exception of the locations Qt
such markers in the Horth Branoh of the Saline River, there
was either no apparent change in the bothtom level at thase
points or the markers wers resowed, presumably by floods.
Yot, it was lmown from mape made previocualy that in both the
Borth Branch of the Salime River and Paint Creek there was
gonsiderable shifting of bottom wsbterials and chanpes in
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Table 1, MAXIMUE OBSERVED FLOCTUATIONS IN WATER LEVEL
ARD YOLUME OF FLOW IN POUR SOUTHERN MICHIGAN STREAMS

Hoasursnent Padnt  Horth Branch of Wilder Spring
Crask  the Saline River  Crewek  Brook

Obhaerved maximuas lovel .

sbove normal)d/inches L Le 9 5
Norzaly flow, cubte ,

faet per sesond 3 L 10 7

Mexiwmom flow, cubic
foet por sesond i 13/ 39 23

horual 1s taken %o be the average of 3 So 7 measwements in June and
\Palue determined using ourrent mster; others by float wethod,
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dapth, partioularly following periods of high water. Two
stakes set oubt in Hovember, 1949, near a brown trout spawning
site 4in vlean gravel showed, four weske leter, s depositiom
of L= o Guinoh overlsy of sand, The effects of siltation
will be discusaed in o later sestion.

Chemical Ffogtms

The mean values of seslected ohamical features are shom
in Table 15« Date for the two sections on the seme stresm
bave bBeen combined since nc apprecisble differences in
wluse sxisted betwsen such seotlons on the same date. The
mmma between streams appesr to be so small that it
48 doubtful 4f hydrogeneion soncentration, slkelimity, or
- slectrical resistivity influense trout prodnét&an favorably
in some stremms or wafavorably in others., However, the
rogults are proénntad here and their posaible effects are

A scussaed later,

Biologieal Features

Consideration of the biologieal festures of g stream
which may affeot £ish produotion should include aquatic
plants snd animals present as woll ae their ecology., How-
sver, there was swch a scarcity of vegetation in the strosms
studied that the vegstation influsnces may be ignored,

Since a large part of the field study was concerned with
the ecology of the fish populations found in the variocus

gtresn sootions, this disousaion is presented in another



TABLE 15. MEAN VALUES OF HYDROGEN-ION GWGEHTRATIOH,‘ PHEROLPHTHALEIN AND METHYL ORANGE ALKALINITY,
NORMAL CABBUSATE AND BICARBONATE, AND RESISTIVITY MEASURED IN
PQUR STREAMS OF EXIREMR SOUTHERN MICHIGAN

Phenolphthalein Hormal ocar- Methyl oramge Biloarbonate Resistivity

Stream pE  alkalinity (pe.pems bonate (pepem. alimlinity (clms /oo at
CaC0z) aaco5) © " (Pepela chO}) (p.p.n. Ua003) 25°C. )

Paint Creek 7.96 11.8 23,6 279 255.44 1652

Borth Branch

Saline River 7.35 3.8 706 Z,LI» Qﬁ.lﬁ. 122!‘

Wilder Creek 7.71 5¢3 10.6 2Lh9 238,l; 1949

8pr1ng Brook 7.98 12.1 2’402 230 20508 2179

11



psotion a8 & major topie, Of ths aninsls present, only
the invertebrates are considered in this asction,

Food Bupply. During the periocd of May 5 to August 5,
1949, 110 ammples of the bottam food orgenisms were tsken
for the purposs cof providing a means of camparing potentisl
productivity of the streams in terms of fish food, VTM,
by Wﬁng the sbundance or frequsncy of oceurrsnce of
the verious organisms, both in the bottom semples and in
sample fish stamachs, it should be poesible to eveluats
the stresms as preducers of fish food,

The bottan samples were collected and mnalyssd sceord.
ing %o the methods desoribed earlier. The mmbers of
organisns by ukjor taxonemic groups in each of the aix

~stream ssotions sre shown in Tadle 16, Volumss sre not ine
oluded, since the amall sises and amall nusbers of some
of the organisms in many eamples mda»vwlmtrie detormine.
;ﬁ;‘tm_.i‘npqs,s*mﬁ. The volune of these organigme was
recorded as & tracs, ard hence could not be added. It can
be seen that Irichopters and Dipterm, principally Tendiw
puéim,mo *bha most numercus groupe in kll seotionm. A
more deteiled analysis te lower taxcnomic levels of
slaseification is presenied me Appendix III, where the 59
different kinds, identified to spocies in smw instances,
are lieted, Imlnﬁ#d are the total nm‘tm‘-é of arganiems
snd the frequesney of their occurrendss in the samples.

Ons of the outstanding featwres of the dietribution of
the bottom aniwmals is the extreme variebility as showm
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TABLE 16, ¥THE NUMBER OF SAMPLES AND THE NUMHERS
T CROUPED I MAJOR TAXOROMIC DIVIS IoWS,
smrxm IN sou’rmx MICHIGAN

sxmbcz-- of nwplea &re gﬂ.m in pron'bh-m

Horth Branch Saline o , Bpring

‘Taxoncnd Patnh River Wilder Brock
a_rauﬁy . Creek " SectioR Sestion Cresk  ~  Section BSection
. A B A B

mxm ese e e w1k
Oigmsta U 17 | 2 3
Ca 11 h
5 3

2
astropoda 11 a7 Uk
Peleeypods  dee e 2
mpm S ]

o

1

L8

asxphipeda

B o v ow oW

chrop’&m |
Ephmayhﬁn
Flscoptera |

&
9 3

[ L2 2 0w

F 9

voe oo ee 10

B 26 e e “re
Golsapters 17 57 338 ire
Trichepbera 260 E3 1Y 173 1021 8al;
Diptera 519 L3 ése ny s 63
Acarine L L

i 2 Om 3 [ Lt

LR 3]

N
N0
AN

Totals 797 833 1253 1060 168l 1825

“WFor a mare detelled classificetion, see Appendix ITI.



- both in numbers and volumws of cr@nim per sample, sven
when taken from apparently identical situations and types
of bm@. This m‘h&lﬂy is Mlcata& (Table 17) by the
large values of the standard deviabions with respect %o the
sorresponding means, When thn ssxples are stratified By

" bebttem type, the nmtim iﬂ generally less than when noNw
stratified, with a few exosptions, but they fail to approsch

the uniformity reported by leonard (1959)s B

| The warlance (standard devistion squared) for each
bommo 18 in most instances muoh gro;wmtznmn.

This condition Mﬂa‘bu 'bh:'t: the organisms are el@yeﬁ
aud ot randenly distribubed even within the mjor bottan

types, It can be seen in Table 18 that the values of the

| nonstratified samples .ap};z'eash the Foisson typs distribution

more closely than they do the norwel, Eowever, beoause the
values of the nonstratified samples are so greatly influe

enced by the smmples tekwn in send, it seemed imprastical to
cﬂcuht.‘g Poisson series te test far fﬁ. '
Beomuss of the gromt variation in mmbers and velume

of organims per unit ares, s reletively small muwber of

sanples, nonstratified or ewen stratified by bm type,
cannot be used to estimate with any degree of certaimty the
total papulatién of arganisms in & known erea. Froma

Mbﬁr. examination of Table 1L, however, it doss seem rea

sonsble to conolude that botbom types may be classified

in decressing order of riclmess, both by number and volume

of arganisms per unit aree, as follows: #il%, rubble,



TABLE 17. THE MEAN NUMPERS AND VOLUMBS (IN CC.) OF ORGANISMS AND STANDARD DEVIATIONS (IN PARENTHESES)
OPF 110 BOTTOM SAMPLES, NONSTRATIFIED AND STRATIFIED
BY BOTTOM TYPES
§11¢ Rubble Gravel _ Sand Nonstratified
Study area Number Volume Numbsr Yolume Numbsr Volume Number Volume Number Volume
Print Creek 125.5 0.99 e a8 38.3 0.50 1908 0.09 3.1 .‘41
(109.0) {(0.661) ... ces (29.1) ({G.173) (17.6) (0.059) (70.6) (0.516)
North Branch of
the Saline Biver
Section A 81.3 0.75 545 0.63 Lz.2 0.3C 15.8 . 0.05 h6.3 0.1
(39:h) (0.310) (29.3) (0.330) (L1.3) (0.306) (11.0) (0.035) ,(37'9) (0.37L)
Section B 129,7 0.70 E7.1 0.57 51.0 0,57 174 0.05 5L.5 0.4t
(56.8) (0.519) {(11L.L) (0-692) (Loe5) (0.87L) (26.9) (0.110) (70.7) (0.583)
Wilder Creek 12,8 1.73 Le,.8 0.L6 26,8 0.20 10,0 0.1L Ll..0 0.48
(113.7) (1.52) (Lhe6) (0.LLB) (38.9) (0.255) (B,80) (0.148) (63.8) (0.576)
Spring Brook
Section A 102,0 0.80 2315 2.L0 89.8 1.5L 15.0 0.18 114.0 1.39
(L6.6) (0.283) (67.5) (0.547) (7h.8) (0.5L6) (11.5) (0.189)  (98.6) {0.940)
Seetion B 63.0 2,28 262 23 3-0 10 82.8 OQLIB 2.805 015 llh.O l 050
(35.6) (0.826) (32.6) (0.336) (12.9) (0.359) (1he3) (0.040) (10Le7) (1.340)

61t



gravel, sand. This listing is in semplete agreement with

 that of Pate (1934) based on studies in the Raguetie water<

shed in Hew York. 7The notable exception is Spring Broeock
where very large nusbers of csddisfly larvee (Brachyventrus
. amsricanus) are found on rubble botltom and to & lssser

extent on gravel. .

It would also seom sefe to assume that thoss stresm

~ sections heving s large percentage of their ares cosupied
by silt and rubble (as indieated in Table 12) ars richer

. %han thoss in which sand and gravel predmminate, On this
assumpbion, it appears that the sections may be listed in

~ order of decressing richness, by volume of organisms per
squwre foot, as followss (1) Spring Brook, Section A,
1,510 eo.s (2) Wilder Creek, 0.686 co.3 (3) Spring Broek,
Seation B, 0,550 osep (L) North Branch of the Saline River,
Seotion A, 0.255% cosy (5) Paink Creek, 0,133 oo.3 and

(6) Horth Brench of the Saline River, Section B, 0.085 oc,

These duta merely give an spproximmtion of the relase
tive sizes of the stending arap of invertebrates in the
warious stream ssotions at the time the sampling was @ocome
plished, They do nob indicate ths imporiance of the
wriocus groups ag food organisms,

Food Hebits. The stomschs from 265 fish were sollected
and the contents analyzed by the same metheds employed in
the a.miyau of tha botbom samples, With very few excep.
tionm, stommohs were talen at the time the bobtom samples

were oollected, Ihe fish species represented includs trout
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~ FREQUENCY DISTRIBUTIOR OF ORGANISMS IN 110 BOTZOM
SAMPLES , NONSTRATIFIED AND STRATIFIED BY BOTTOM TYPES
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and dominaxt nonetrout speciss in each stream, Only ik
\WWM ‘were euptyg the contents of the remaining 251
renged 1!! voluss from & trace to 3.1 aubia cantimsters.
Lo Twms noted that gensrally those organisms which oce
vmod mt freguently in the botbom eamples occurred most
omonly in the trout stommohs as well. This was not
mlways true of the smaller nonetwout speciss. I many

instances, sculpins, blacknose dace, and the smaller ecmmon
shiners ‘hm‘} fod on organisms that had been taken rarely or
not at &ll in the bottom samples. Usually, fewsr kinda

of organisms were utilised by these small fishes than by
trout and larger individuals of the same speciss., As an
exsmple, in Spring Brook, 20 soulpins had eaten 16 kinds of
inﬂﬁem'bn. 11 blacknose dace had consumsd 10 different
types, while 11 brock trout, 22 brown trout and 9 rainbow
trout sﬁmbn mmma 30, 36, and 29 different m,
rtspaetiwly. Inoluded in the trout stomachs were ?‘ kinde
of terrestrial inseots, noms of which were found in the
nonstrout species. However, in the North Branoh of the
Seline River, 7 creck chuds, § commen shiners, and L pump
kingesds, ranging frem 5 inehes to 7 inches in lengbh,

bad oonsmmed 1, 11, and 19 differest types, wheress 12
brown trout and 10 rainbows had ubilized 28 and 26 kinds,
respeotively, e fect which indicates that size of fish

in relation to the size of food items determines to a large
oxtent the food hadits end prefsrences of the spocies,

The geme relationship betwesn sive of fish and food
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preference is apparent in the data from Paint end Wilder
Croaks, (For a complete listing of atomsch amalysis data
ses Appendix IV.)

The forege ratiocs (Hess and Swartz, 19l1) of a nugber
of organisms for different fish spscies were caloulated, but
because of the great mihbility‘in the bottam samples and
stomach anslysis deta, they appear to have limited value in
determining the food grade of streesms,

~ Although some competition for food does appear to exist
betwesn the trout and non-trout groups, its seriousness cshe
not be determined, sinee the food requirements of the tlsh
populations in relatien to the food supply are not kmown.
Predation on young trowt by non-trout spscies appears to be
rare, However, large browm tout in natural waters were sesn
to feed on recently planted, smaller hatohsry-rearsd rainbows,
(For further diseussion of competition far food, ses telow.)

Eoclogloal Characteristies of the Fish Populstions

A knowledge of the site and empatﬁ:ianref the fish popue
lation at warious seasons eeems essextial to ‘the sound
nanagement of & trout stresms Suoch informetion should include
numbers, weighte, aund site distribution of the spescies present
8o thet stream produstivity may be measured and rate of
harvest by anglers regulated scocordingly,

In the attempt ta measure the ability of the streams to
support and produce trout, speoisl attention was psid to the
fish populations thameslves, Population estimates were made



periodioally to detect eessonal changes in species- and age-
oompositicn and to measure the surviwml rates of the trout,
Ohserveations dwing the spawning season were made o determins
the extent and success of natural reprodustion. Scals sam-
ples were taken frem naturslly reproduced trout for growbh
analysis. Fingerlings were planted in throe of the sireame
in Deoexber (sxsmplary of sarlier stosking practice) to
permit a comparisen of the suscess of such planting with
that of legal-sized fish made during the fishing sesson (more
rocent. nanagenent proosdure). |

Since all fish stocked in these streams for several years
prlor to 1945 had been merked, it was usumlly possible te
distinguish wild trout from planted stock. The fact txm
wnarked hatchery trout or those marksd with & fin-clip not
soheduled for release at that time were rarely enmocunmtered,
attasts the fine gooperation of hatohery persomel. _

Seasonal changes in the relative abundance of certain
fish spseies were observed in all the study seotions. The ape
parent ohanges in abundance of the larger fish are no doubt
real, whereas those of wvery =smell specimens, suwh as the
blecknose dage, Johny darter, soulpin, and others may be dus
in part to vagaries of the sampling teckhnique which is
admittedly less reliadble for smaller fish, It was poimted
out earlier that the larger the proportion of marked fish
recoverad, the mors valid the estimate of the gtanding erop
ia likely 4o be, When no marked fish are recovered, an esti.

mte of the number will not be possible, Variations in the



mlculatod sizes md in speaisl ampuui.tim of thc fish popu=~
lations in the study sreas are shmm in z'abzea 19 to i,
Eetimates are uumd to bn mliablo excspt where indicated
oem‘ni«.\.' | o | |

Bpecies Composition by Siresms

During th‘o," pericd of study, 11 sgeéios were encountered
in Paint Creek (hbi’ 19)s ©Of thess, tha hog me]mr. Gommen
sh&mr. pluntnose mimmr. end broak nticklahaak appear to be
rather uncomaon migrants from the more apmanﬁmrmm
sootions dovmstream. The faot that the numsber of white
suckers inoreased from 240 par aere on June 7 te 335 per acre
’ m August 19, 1949, while the weight of these fish duwring
the ssme periocd decreased from 54,62 to 15,90 pounds per aere,
oan be sxplained, During early Jume, tm wers 8till present
in the sbotion» large mabture suckers which had recently spawned,
‘Some of thess remained while others graduwnlly draopped imtoe
the lower portioms of the stream, By August 19, young suckers
ware being taken and included in the estimntos with the re-
 sult that more figsh weighed leass, The mﬂiu both in weight
and nusber from May 12 %o Jums 21, 1950, sppeers alsc to be
direstly correlated with the spawning migretion of the spocies,
By June 21, mextyy of the adults had returned to downstream
sroms, whils the yaung were not yeb large emough to appear
in the census results.

The gradusl dnsuna in the number of balsknose dace and
sculpins may be associated with the incrsased mmber of
logal.sized trout planted in Paint Creek during the course



TABLE 19, SEASGHAL VARIATION IN THE CAILULATED SIZE OF THE FISE POPULATION
OF THE PAINT CHEEK STUDY AREA

Values are expressed as nwbers and pounds of fish per acre

Species

Brown trout 57.00 146 62,94 259 65.95 171 22,79 7%
Rainbow trout 7078 196 1Dk Lh 1139 38 5.25 25
White suoker 5Le62 240 LB.S0 335 60.62 253 29.13 U5
Hog suclker T s tee see ten see 0.95 é
Cresk ohud ) 2.34 101 0.09 6 1.01 i52 see ree
Common shiner )-h% 70 sue are 24e "ee an wew

Blacknose dace 9.43 1139 1.37 165 0.25 38 070 57
Bluninose winnow G.Gé 6 Py e “esn ase Y ree saw
Jelmny darter 0,06 25 0.01 6 e .ss are tos

gtiokletmak ) saw  wee swe ene ss @ sae 3103
Soulpin 668 7583 35,17 5861 20,51 2550 Li0.09Y 5331
TOTALS 220,88 9506 157.9R2 6676 168,73 3202 96,90 5655

\%e p:iﬁ.omly merked acuipins wore reomred in tim gsesond shéaking of the
seotion, Therefore, the wvalues used here are the averages of those obe
tained on the other three dates,



of the study, The averagzs aunusl plant was increased from
approximately 150 trout dwring the period of 1946 to 1948 to
1,000 in 1549. Fluobuations in the numbers and weight of the
gatural stook of ealmonids were also evident, For the period
of study, trout averazed 39.6 percent of the total weight of
the population,

During the investigation, 19 epecies of fishes were obs
served in Section A of the Noerth Branch of ths Saline River
(Table 20). The infrequsnt oocurrence of such species ag the
hog sucker, the hormyhsad shub, end the bluntnose mirmow in
Section A end their apparent abundence in Section B immediately
upstream (#se Table 21) sugrest that the lower study area does
not meet the hebitet requirements of these spscies, o, at
least that they had moved upstream fram it,

| The number of whits suckers appears to be mush more
stable in the North Branch of the Saline River than in Paint
Creek. Considerable nusbers of adulte were found in both
study aress at all ssasons of the year, The slight semsomal
fluctuations in numbers may be caused by upsitreaen and downe
stream migrations through thg sections., Discussion of the
trout population in the North Bransh will be deferred except
for the statement that the population spparently is maintained
entirely by hatehsry plantings of legal-sized trout,

During the period of the investigetion, 18 species were
regorded in thw upper study seotionm on the North Branech of
the Saline River (Tmble 21)., As in the previously discussed

populations, and as might be expegted, there was a generel



TABIE 20, SEASONAL VARIATION IN THE CALCULATED SIZE OF THE FISH POPULATICN
X 8TUDY SEGTION A IN THE NORTH BRANCH OF THE SALINE RIVER

Valuss are expressed as mubers and pounds of fish per acre

. b »
Species Ap ;1 ﬁza' — 3G 1? ﬂ‘%’:’i my ﬁ;
. 108y Ym '

Brown

trout 3k SV 77 3 73 Lio 5 160

trout sae ase see Yy 38 9953 3 iz2

suoker 2h2.7h 39h 183.62 3k e7h 127.73 106 Loé
Korthern .

redhores 1Y X 1) cee sae 6-25 5 Ve
Bﬂs sucker 3,58 19 soy ves 8 v oe sue
Oreek ohud 6,9 302 0,39 109 750 18 1R
Common - '

shinsy 33.22 20h 11,11 76 3 29 ' 76
Hornyheed '

¢hob Bén woe ane *se 22 YT ae
Blacknose :
’ daoe 2,52 315 L.08 20k 878 %21 197
Bluntnoae ‘

ninnow 0. 05 31& .y sse 8 ane e
gimrolm 16,89 307 10,35 370 1035 Lo I51

‘ ‘piﬂkﬁﬂl 1389 73 8 asw e !&5 é 12

Mudmiomew 0.21 19 0,86 95 30 21 36
Rainbow

darter sts  wuw 0.03 8 228 14 £8
Jolnny

darter .25 8l 0,03 L 285 28 %gl,
fargemouth

black

base ey ene naw e 17 vee 36

seed pee Py 0.358 11 8 “ee 8
Rook baus suE  eee .52 3 _ 8 2 3
Seulpin .25 30 5.5 sofl L 3660 7383

TOPALS m.ee hw 255.63 6281 6389 5396 976

\gﬁnh (:Wd‘ in pz?aviom .WI.



tondenoy toward inereasing numbers of smaller sized individ.
wals &3 the season progressed, probably dus to recruitment by
youngeof=thewyoar fish, There ie, however, e gradual decrsuse
(with » few exoeptions) in average weight of fish from April
through August for sush species as the white sucker, creek
ohub, common shiner, and bluntnoss minnow, It may be assumed
that in one other species, the stoneroller, which does not
show such a promounced decrease in awmge weight, the young
were nat‘reemrud in sufficiently larze mmbers to make
ostimates relisble, The stoneroller was especinlly abundant
in both eections at all seasons sampled, Smith &t al.

(1949) noted that in southesstern Einnegota trout streams, &
great abundance of stonerollers indicates that the stream

is too warm or too muddy for high production of troubs Ape
parently the game oondition 1s trus of the Borth Branch of
.the Seline Biver, In Sections A and B, trout consisted of
only 3.4 peresnt end 12,5 percent, respectively, of the total
mm"age weight of the populations during the perioed of sgtudy,
and over 9F peroent of these fish cawe from plantings of the
swrrent season.

The total fish production in both sestions of the Nerth

Branch of the Selins River during the period of the study
appears to be oonsiderably higher than that in Paint Creek,
The higher wean summer water tempsrature eand smaller perw
centage of loweproductivity sand bottem (Table 12) in the
Horth Branch doubtless contributes at least somewhat to ite

greater productions.



TABLE 21, BEASCNAL VARIATION IN THE CALCULATED SIZE OF THE FISH POPULATION IN
STUDY SECTION B ON THE NORTE BRANCH OF THE SALINE RIVER

Values are expreaged as numbers and pounds of fish per acre

. - . 1 9 ok 9 1 5 0
Species April 11 June 1% July 12 Aagust 15 May
' : "Lbay Nos Ibae Yo, Ibs,. Boe Ibs, Koe bse Ho.
trout  37.4l 18V 18,94 107 10J2 L3 22,L 82 3243 135
Rainbow . - ' ‘
Wh:rm 1.6 LAY 16,05 107 L3 25 1,77 11 9,77 5
i B
 suoker . 83,70 135 16L.21 431 109.98 235 123.12 32 1L8.58 242
Bog susker 2,04 7 21,60 100 2,10 7  1.69 7 184 L
Creek olub 6,01 154 22,95 765 2232 T97 6L.O7 L6g8  7.51 221
Common
e¢hiney 1,41 L3 215 71  2.99 299 031 11 234 57
ohab 017 L 0,90 29 0,22 T “es are | see enw
- Blacknose - Co ' ‘
. dmes . 10.56 352 6,84 285 38,63 6L38 20,50 1708 1L90 573
‘Bluntnoss ' '
rdnnow 0.01 7 0.l » W ees wve sew sve 0,07 11
wwonorw.la LB8 36,76 1313  2.56 128 549 1679 1046 317
(] ] ; ‘
piemsz 046 7 L0 50 051 57 8,72 178 1,38 1k
Mudminnow  0.82 28 0,23 57 0.0 50 0 0.5 &y 0,01 4
Bainbw
darter 0,06 28 0,38 180 Q.11 57 0,50 24 0.0 21
darter 0.17 171 0,38 384  1.25 12853  1.22 1217 0.03 25
- black , A o
bass “es PP Oo»d.]; L ™ s e 9;119 W eee e
seed ves  wee 0422 7 035 7 031 7 0.3 11
Rook base 1.;3& e s »ew e péw san 'Y e auw
Seulpin 16,65 1850 L2.32 7053 53.65 5609 39.81 7961 19453 3690
TOTAIS 176,93 3310 38.09 mgéé 230411 15012 336.59 18428 251,91 SL10

\%‘ish s’eaekad in pravious :yuara. |



The results of the fish population estimates in the
Wilder Creek study section during 1949 and 1950 show 1% to be
composed of 16 species (Tables 22)., It is believed that the
‘estimates made on the last three dates shown in the table are
' only moderately reliable because after the middls of July,
1949, the streem was kept in en Qxbrmly roily condition by
dredging operstions upstresm (desoribed earlier) which made
it difficult to recover ahocked fish, In fact, the waler was
g0 turbid during the spring and swwer of 1950 that the
alternsting-ourrent shocker could not be used satisfactorily,.
Even the direch-current wait, exmployed on Jume 12, resulbed
" in & low recsvery rate of marked fish present; as & result the
 estimates are not too relisble, Alsc bessuse of thes dredgs-
' diniodga& debris in the water, s bloocking ssine could not be
used at the ends of the section %o prevent fish migration.

It sppears that many species showed a decrease in nume
bers shortly after the dredging begsn in Wilder Creek,
Whether this deerease wes real or due o & shortooming of the
sampling method is mot definitely known, The average produce
tion in pounds of fish per aere, elthough based on only two
estimates, appears %o be coneiderably lower than that in the
study areas of the North Branch of the Saline River ami
Peint Creek. In this stream, trout comprised an average of
3049 psrcent of the weight of the whole population during
the period of atudy.

In both seotions of Bpring Brook, rslatively few spescies
of fish were noted (Teble 23), As in the other streams

studied, the eculpin is most numerous. The epparent sesasonal



TABLE 22, SEASONAL VARIATION IN T CAZCULATED SIZE OF THE FISH POPULATION IN THE STUDY
SBCTIOH ON WILDER CREEK

Valuss are expressed as numbers and pounds of fish per acre

_ May 27, 199 July 20, 19hk9 August 17, 1949  Jume 12, 1950
Species Founds Number  Poumds Number  DPounds Number  Poumds Number
Brook trout 9.22 L9 5 3 1.29 5
Brown trout 18,09 117 88 107 12,08 80
Rainbow trout 17.37 104 53 21 2.76 35
White sucker 27.20 136 327 175 0.81 L
Cresk chub 5.05 101 % i3 0,07 1
Comaon shiner 0.28 7 ‘ 24 57 XX ese
Blacknose dace = 0.3 17 79 13 coe coe
Black bullhead 0.02 5 ve s 1l sce see
rass piokorol o so08 ewe 1& 95 0.32 3.
ludminnow 309 509 867 929 53.52 33%6
Johmny darter 0.20 Lo 8 12 .o cee
Blackside darter Q. 03 5 se e j see wee
Green sunfish 0.02 b 5 3 0.01 1
Bluegill 0.02 2 3 b 0.01 L
Pmpkinlud s e see 1 oo Q.01 1l
Soulpin 20,46 2273 1099 7600 40,10V L5679/
TOTAIS 101,39 3167 5566 9117 90.98 8076

%afsed’ on the average weight of sculpins memeursd ﬂny 27, 1949,

@fhie value is the average of thres earlier sstimates and is used since no previously
narked fish wore recaptured durimg the second shooking of the section,

azT



flustuations in ebundancs of this species more probadbly ree

flsots an inndequacy of the cenmsus method for such small figh

. of aseoretive hadit 4than & real clmnge in thw population sige.

For wnlmown reasons, the dats fall to show the usual sessonsl
changee in average weoight and numbers of white suckers in
the gection. It appears that the relatively large size of
the standing orep of all species in powmds of fish per eore

48 dvs mainly to the size of the trout component (which aver=
~ aged 56,2 persent of the total populetion) for the perioed of

study in this streanm.

The seven species in the fish population of Bection B,
Spring Brook, ssem to be permanent residents of this stretoh,
although the brook troub and grass pickerel are not common
(Teble 24). The presence of tie grass pickersl in the
slower, downstreem portions is counsidered by sportamen of the
region to be e soricus fector in trout surviwal. The nurbers
of the predatory esocid, however, sppesr to have beean reduced
in recent years by matwral means to a level which I de not
conglder seriocus, Reermitment te the populstion by young.sf-
thewyeayr fish, which san be estimsted by the means employed,
generally appears in July. However, since the section was
not csnsused in late summer,; the effects of sueh recruitment
are not shown Pully in the data,

The sverage weights of the Spring Brook populations faor
the period of study are essentially the ssme in both study
sactionas In Section B, tront comprised 72,0 percent of the

total populstion by weight. Veristions in total weight of



TABLE 23, SEASONAL VARIATION IN THE CALCULATED SIZE OF THE FISH POPULATION IN STUDY SECTION A OR
SFRING BROOK

Values are axprodsed as nurbers and poumds of fish per aere

;lf’ " ( ¥

. 1750 2 ’
_Jone 2, lohs June 29, 19L9  April 18, 19Lo 3 June 5 June 12, 1950
Species o “Founds Jumbsr  Founds iFiEg r wmds  Womber — Pounds Hun r Pounde r
Brook trout %0.48 168 L35 gy 6,39 60 2,05 2, 2k,
Brown trout 7533 Le 8841 566" 118,19 878 97.95 856 735
Rainbow troutVy’ B 10,60 229 70 313 169
White asuoker . 15’3001 229 81050 1[515, 55018 ms Y ces %5
Blaclknose dace ' 0.% 72 "4 ® Y 0.12 21& Y “se ) 1&8
Seulpin 93.859 123739/ 16.54h 2205 16,15 2170 42,18 553L 5386
POTHIS 279.59 13553 190.80 3229 207.23 3506 156.88 6727 6639

Veainbow trout first stooked in Spring Brook December 13, 19L9.

\@These apparont y high figures are the result of recovery of only ome marked fish, 7The estimate for
this spscies ig probably not too reliable,

UBeocause no marked fish were recovered in the sscond shocking of the population, the walues for this
estixate are the average of welghts and numbers of the other eastimates shown,

acr
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non~trovt species between seotions on ccmpareble dates is no
doubt the result of both migration end natural mortality,
inoluding fishinge Similer varistions in the weizht of the

trout poprlation will be discussed in the Tollowing section.

Comparison of Standing Crops of Fishes
with Those of Other Regions !

Ths sige of the standing erop of fish, expressed as an
aversze for the period of study, shows considerable wariation
betwean streans., Thess values ares Peint Creek, 161,1 pomnds
per acrej Nerth Branéh of the Seline River, Ssction 4, 502.7 ’
pounds per aocrs, and Section B, 266,7 pounds per mere; Wilder
Cresk, 962 pounds per sors; Spring Brook, Sectiom A, 208.6
pounds per aere, and Seetion B, 200.5 pounds per acre,

Other investigstors, too, have determined thes standing
erop of fish (in pounds per ecre) in trout waters using the
same censusing methods I have employed and other wethods nob
degoribed here, In How Hampshire, Hoover (1938) found a range
of 2947 bo 158,1 pounds of fish in unfished primitive breck
trout streams, and 1,3 to 9,47 pounds in fished streams,
Shetter and Hagzard (1939) estimated L,09 to 177.95 pournds in
northern Michigen. Smith, 6% als (1949) reported weights of
91,10 pounds to 547.21 pounds of fish per acre in Minnesoba.
Btill others have reparted similar results. Although the
sizes of the standing orops determined in the present etudy
are gimilar Yo those cited, the conditions under which theose
values were obtained were nat strictly comparable, Hone of

the streams lnvestigated by the workers cited was stooked



TABLE 2l,. SEASONAL VARIATION IN THE CAIGULATED SIZE OF THE FISH POPULATION
‘ 1§ STUDY SECTION B OF SPRING BROCK

Veluss are expressed a& nwhers and pounds of fish per acre

‘ ?Hbrm 2’ / »

Species June 2, 1949 195 April 19, 1950 Jume T, 1950
' Pounds Bumber Pounds Fumber Pounds Number Pounds Number

Brook trout = 12,87 156 28 0s70 21 css  awe
Brown trout T (RO I > G5  140.32 1,567 185.7h 1,638
Rainbow emuév | 390 L4872 865  19.95 8L
White sucker 39,63 184 78 30.7F 156 ll.8 262
Blacknose dece 0,36 he 21 1.0% 115 %12 340
Grass plokerel “en “xe “oe Coi2  ens es e
Soulpin 8420 1,000 816 8458 9&;3 12,13 1,482
TOTALS 108,10 1,829 1,978  230.48 3,672 262,76 1,006

%trm enl& mdé i‘in-elipping diffieult; results are based on two ahdak-
ing operations throuszh ths reetion in which all fish were removed, ecownmted,
anéd retwned to the section at the end of the gecond rum.

\gﬁainbow trout first stocked in Spring Brook Dscembesr 13, 12L9.



during the season of the studies prior to the time the popu-
lations were messured; whereas, in the present investigations,
hatehery trout were planted at frequent intervels during the
oourse of the work. BSuch fﬁqmncb‘ plantings during the census
period may well have inoreesed the size of the standing erop
congliderably over the level it would maintain without such

plantings.

Dynemies of the Trout Populations

It was stated earlier that, as far as could be determined
from existing information, some of the sireams were considersd
excellent trout waters whereas others probably did not support
sizable populations of maturally reproduced fish. The results
presented here ars in agreemsnt.: All the streams studied were
stoclked with legal-siged trout at epproximately monthly intere
vels Just preseding end during the regular trout fishing
BBl ,In addition, a large December planting of aub-legal
fingerlings was made in Spring Brook, in Wilder Creek, and
in the North Branch of the Saline River. The trout were well
sonttored to provent winatural concentrations inside the
ssctions and to eliminate the possibility of attracting
fishermen in more than normal numbers. The composition of
bhe troubt populetlons in the verious sections and ths surviwl
rates of trout of the several plantings were determined by
periodioal population estimates,

Structure of the Trout Populations, All southern Michigen

streams now having trout populations probably have them as

the result of artificial plantings, past or current., Sportse



wen reported that Paint Creek supported many large brook
trout 35 to 50 years agos This species has now been replaced
by wown trout and rainbow trout, dbut the latter apparently
have failed to become well established, No naturally repro-
duosd or wildV reinbows and relatively few wild brown trout
were recovered in the study sectlon (Table 25). It is be-
lieved that these results are wvalid for the stream as a whole
sines the study area represents a large proportion of the
suitable summer trout wmter in the stream.

The Horth Branch of the Saline River has been stocksd
annuslly with brown and intermittently with reinbow trout
since 1942, Apparently neither spscies has becoms well estabe
lished, The trout populations estimmted in the two study
sections (Tebles 26 mnd 27) consist almost entirely of eure
rently stocked fish. The only other trout observed were a
few brown trout planted before 1949, Apparently trout fishing
in the Horth Branch is being maintained entirely by current
plantings of lsgalwsized fish.

Wilder ka has been receiving plantings of browm trout
annually since 1955, Brook trout have been stocked anmually
since that date with a few exceptions, whereas rainbows were
firet plented in 1948, Of the three species, only the brown
trout seems to have beoome established in Wilder Creek,
Helthsr wild brook or rainbow troubt nor survivors of thege

spscies from earlier plantings were taken in the study

ne term "wild" refers to the progeny fram eggs actually
laid in the stream by the parent fish regsrdless of parent-
fish origin,
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TABLE 25. 7THE COMPARATIVE SUHVIVAL RATES OF HATCHERY-REARED TROUT IN
PAINT CREEK

The distinguishing fin-clips are showmn

(Planting dates shown in parentheses)

Humber acre (estimated)
Species and mark Humber June 7, August WMay 12, June 21, July 10,
planted 19h9 19, 1849 1950 1650 1950

Brown trout

Rt, pestoral eow év sea a0 aee see
L. pect, (5-22;-1;9) 100 13k 0 0 o 0
Lis p’lvo 39 100 ses 0 0 ¢ 0
Rt. pelv, (7"29 ) 100 sae 76 [ 6 é
’ R‘h; ?ﬂﬂtc-ﬂd.

(8-18-49) 100 “re 177 6 6 13
Anal (L4~20450) 100 soe ave 133 13 13
Doranl (5-17'53) 100 'Y sae Y )-“-I- 19
Rt, pe(hl'n-ad.)

6—2‘. 7-!5@ 100 *n *e sa e sen
wild vee &/ 1 .eo 6 3?3@/

Rainbow trout

Rt, peot, (L-15-49) 200 101 0 v 0 0
Lo pect, (5-2h-49) 100 % 0 0 0 0
L. polv. (6-28-49) 100 0 0 0 0
&t 9017. (7‘29&149) 100 sse 6 6 0 0
Rt pact.=ad,

(8-18+49) 100 .o 38 0 ) 0
Aanal (L«20.50) 100 see veeo %8 0 0
Dorsal (5—17-50) 100 ew vae (X2 25 6
Rt. pelv,=ad.

(6~27-50) 100 ees LYY} (XX e lhO

%prounta 8 recovery of one fish apparently planted byvmis»tah.
\&Includes Pish stocked before 1949,



TABLE 26. THRE SURVIVAL RATE OF HATCHERY-RZEARED TROUT IN SECTION A OF THB
NORTH BRANCH OF THE SALINE RIVER

The distinguishing fin-olips are shown
(Plenting dates shown in parentheges)

| Hmber per acre (estimated)
Bpeocies and mark - Nunber Ap AR T Y T s BAY 2D,
planted 191; 191;9 20, 1950 1950 1950

Brown trout

L. peot, (5-2l-L9) 100 22 3 5
L. p’el‘r. 26’28-,49) 100 see ete 8 -0 8
R. P@lvi 7.29-}&9) 100 - see sne 52 3 3
R. pwt.;ﬁ.)’ L o
Bl 100 sue rew 0 5
Adspaaéy(w-m.hg) 250 cee 76 0 19
Anal (hz20950) ) 100 oo sew ess XY 65
Dorsal 5-17-50 100 ee ey avs vee 1
th R T 2 S 4
Bairbow trout ’ '
Rt. poot, (h-15-uh9) )400 oo (4} (8] 0 0
Le poct, (5-2li=lg) 100 cos coe 0 0 0
Lo pelv, (6-28L9) 100 “ee ‘o 0 0 0
Rs polv, (7+29-49) 100 wes . 0 0 0
Rq ngf.-ﬂﬁc) : :
18«49 100 “se nee %% 0 0
Adipe 12‘1‘4&1&9) 256 ese YT 0 3 14‘3
-Anal (IPEO-BO) 100 see ess e eoe 30
Dorsal (5.17-50) 100 oo sey see YY) 60
\@’mgeriingl‘. | | |

\Pbtosksd befare 1949,
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TABLE 27. THE SURVIVAL RATE OF HATCHERY-REBARED TROUT IN SECTICH B OF THE
WORTH BRAWCH OF THE SALINE RIVER

The distinguishing fin-olips are shown
(Planting dates shovn in perentheses)

| | - Number per acre (os'hintud:)'
Epeocies and mrk Humber ~ Jume 13, Juy 12. August  April uly 11,

planted 1949 1gh9 10, 199 1950 1950

Brown trout
L. pectis (5-2h-l9) 100 103 7 kL 1l 0
L. pelv. (6-20-Lg) 100 cor 32 2 7 0
Rt. ]_)01‘7; (7-29-LL9) 100 ‘ (1Y spe 57 50 7
Rt. p@@t. -&d. '

- {B=18449) 100 eer cee ese 11 b
Ad’@ﬂﬁw ( 1&‘“.’,-‘.&9 250 T see cae ‘..l.?} m
MR]. (14‘60-'50) ' 100 (XX ] *ee (XX ] 58‘4 28
Darsel (,1‘-17'“50) 100 eve eoe aee Y 25
i p?ifé?‘s?s) 100 ‘
mia TR RO e

Rainbow trout . '
Rt, peste (L15-49) LOC L6 7 6 0 o
L. peet, (5-2lmli9) 100 60 1R L 0 0
L polv, (6-28«49) 100 “ve L 0 0 0
Rt. pal'v. (7-29-]49) 100 e “ne 7 ‘4 (1]
Rt, PQQ"%.-'-I&G
100 "SR ' LN 2 ] [ X 3 ] 28 :
Adipﬂ!‘%ll ul«hﬂh@) 356 ane s “ae &I- 1};
0-59) 10¢ enn sae 'Y 320 Q
Dorual (5-*17-)@) 100 Y ven swe YY) 21
Ebe polve~ad.
(é‘g‘?‘SG) 100 LR LE X L XX e 1156
\%ingorling! .

\&tooked before 1g9k9.



geotion, On the other hand, of the total Wrown trout esti-
mated to be present (Table 28), an sverage of 10,25 percent
were wild fish, The retwn of wild fish to the fishermen will
‘b discussed in & following sectiom, |

Brock trout and brown trout have been stocked annually
in Spring Brook sinse 1973, Priocr to this dete, the former
spscies seems ‘o have been the dominant trout secording to
records in the files of the Imstitute for Fisheries Research,
The first recent stocking of rainbow trout ocourred in 19L9,
yot cateh records of 1928 zhow the presence of thig species
in the stresm, At the time of the present study, both the
brook trout and brown troubt appesred to be firmly established
in Spring Brook (Tables 29 and 30), However, the relatively
high percentage of wild fish in the brook trout populations
_ is due not so much to large numberg of wild trout as to the
low survival rate of planted fish of this speocies., The ape
paront'lj lower percentages of wild brown trout in Section B is
exaggerated by the unreliably high estimates of the finger
lings planted in December, 1949. Omitting these unreliably
high estimates, wild browm trout comprise an aﬂr—age for the
period of study of 72.1 percent of all brown trout present in
Seotion A and 35.9 percent in Section B,

It appears from the estimates of the trout populations
that the railnbow has failed to becoms established in sny of
the streams under investigation. The fact that the rainbow
was not cbserved spswning in any of these streams lends

further evidernos of its failure to maintein itself., The



TABILR 28, ZIHB SURVIVAL BRATE OF HATCHERY~REARED TROUT IN WILDER CREEE
The distinguishing fin-¢lips ere shomm
(Planting dates shown in parentheses)

Number per sore (ontimatod)

Species and mark Number Hay 27, July o0, Auvgust 17, July 12,
planted  19hg 1949 G 1950
Brock trout ' '
Rt poet, (Lm15<49) 3% 1 0 0 0
Le pect, (5-204.49) 300 38 5 a 0
PQBW( 14-11;449) 700 eew sse Lee 3
Anal (l&-fﬂ-ﬁ@) 300 con ene »es 1
Darsel (5—16-50) 560 wee " én sow 1
Brown trowt
Rt. pect. (L-15-49) 200 289/ N &/ 0
Ié% pect, (%gml;;l:f) ) $oo Ly ' 11;3 19 0
. - i 0 vee 9. 35 3
Adipoﬁe (12—1»1&«449) 700 1 JV %/ 56
Anal (1}"27.50) " 300 sae ean “ee 1)
Dorsal (5‘16‘%) 300 nee ese “va 19
wild ves L8 20 Lo a1
Rainbow trout
Rt. peot, (L-15-49) 500 27 0 o) 0
é; pec';. (%g@;;ﬁ) | Loo 77 hg 1 0
¢ POLY, - 9 200 YY) 20 0
Aﬁpﬂ“W( 12—114!-1&9) 700 sew XY ces 55
Anal (h»2‘7-50) 300 sev oy sae ()
Dorssl (5-16—50) 300 ™ see e 1
%ingeriings.

&noludes specimens of the sam® plant marked by removal of right pesotoral
and adipose fins,

\éf"'ish gtooked befors 194G but merked by removal of the sdipose fin,



brown trout nm to have becoms & permansnt resident in
8pring Brook and Wilder Creek., | Its ‘parmnenee in Paint Creek
is questionable for reasoms to bq“prbse"nted later, Fven
 though emmtmly small 'nmbers of brock trout were found
in -éhe study sections of 8pring Brook, the species is well
established in other paéts of the “atrm. A few small
spring-fed tributaries are ﬁll populated with fry and fin-
gerlihﬁ and will no doubt continue to supply the main
stream with & moderats mm'ber_ of ecatohable fish,

Survival of Hatchery-Reared Trout. Ths apparent swrw-

vival rate of hatohery-reésred trout showed considerable
‘varia.tialn between spaeieﬁ and gtreams, but was generally quite
low. vT.ho mm‘hoin 6!' fish planted and the numbers estiwmated
in the sections at later dates give an indication of surviwal
faﬁis (Tables 25 %o 30). legrlesized rainbow trout im all
streams usually had disappesred entirely in thres or fouwr
months and only an estimated 35 per acre persisted over winter,
| Six of these were in Painl Creek and the rempining 32 were
in Section B of the North Hranch of the Saline River, By
July, oniy L £ish psr aore remained,

Plantings of le gnl.sized brook trout showed an even
lower rate of survival, Few planted fish remained rmore than
a month after planting and no brook trout stocked in the
stresas during 1949 were recovered in 1950, Comparstively
large numbers of brown trout survived the season of planting
and many of these parsinted through the winter in all

streams excopt Wilder Creek. The conditions in Wilder Creek
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TABLE 29, THE BURVIVAL RATE OF HATCHERY-REARED TROUT IN SECTION A OF SFRING
BRGOR

The dietinguishing fin-elips are shown

(Planting detes shown in perentheses)

___thaber per ecre (estimated)
Species pnd wark Humber June 2, June 29, April 18, Jume 5, July 12,
planted 1949 1949 1950 1950 1950

Brock trout
Bt. poete (Le=1549) 1,000 &y ¢ 0 0 )
Le poeb, (5-16-49) 1,000 96 0 ) o 0
AdipogeV(12413.49) 1,200 ces  eve 12 0 0
Anel (L4-16-50) 700 vee o o
Dorsel (5-1650) 700 so s ore .ve 0 0

* Riy pect,wad, Eone Y saa es e see ﬂs/

¥ild g L8 2, La 2, 0

Browm trout
Rt, peot, (L-15el9) 700 72 132 12 0 0
Ls pecte (5«16-49) 500 253 0 0 0 )
Rt, pGlT« (6-23“&9) 500 ive 205 (1] Q 0
Le polvwe (7-2601‘49) - 500 ) sy 96 Q -0
R%, pogt..ad,

(8-18-)49) 500 sen “ve 120 o 0
Adipose¥(12-13.L9) 1,200 sre  ane 313 229 96
Anal (hle-SQ) 700 PR e see L8 2l
Dﬁrlal (5‘1.6050) TG0 Y ses ese 133 %
wild ees 157 229 - 277 ué  578Y

Reinbow trout :
Adipose¥(12.13.49) 1,200 ese  ane 229 313 169
\Vfingarlings.,

\Ffone planted acaording to available records.
\¥inolules an estimated L3l native fingerlings.



PTABLE 30, THE SURVIVAL RATE OF HATCHERY-REARED TROUT IN SECTION B OF
BPRING BROOK

The diutinguish:lng fin-olipl are shown
(I’lazrt.‘mg dates shown in paronthuuo)

Emhor per acre (sstimated)

Speoiss and mark ¥wber June 2, Februery 2, April 19, June 7,
planted 19k9 1650 1950 1950
Brook 1:z'uut _
Rt. poot. (L.15-49) 1,000 57 0 0 o]
L. peoty (5«16<49) 1,000 85 o 0 0
Aﬁ?ﬂﬁm 12"15‘“9) 1 .200 eae lh . 7 0
Annl (lv-l?-SG) 700 e 2% ..o 0
Dorsal (5»16-50) 700 PR es e ‘e 0
 Wild cae 11 411 U o
Brown trout '
Rt, pect, (L=15-ii9) 700 106 0 7 ¢}
L, peot, (5-16-L9) 500 227 0 o 0
Rt, pelv. (6'-2&-‘{-9) 500 oo *) a8 T
Lo Palfn (7-26“'49) 500 s 21 Ti 4
R, paoﬁ.a-mi:.g ) "
500 een 78 177
Adip«m\mm}-l-@) 1,200  ees Lé1 57k 1,208%
Anal (L1-19-50) 700 coe . see Vi
Darsel (5*1&59) 700 ces ese e e 191
wila ses 156 85 19 a13
Rainbow trout ‘
A-,dipe-é{lz:.a-m-le) 1,800  eee 383 865 227
Doreal None wee Sew tee 5%ee-
Rbe peaty wide s 7\‘@' Q 4]
Fingerlingse

he one marked fiszh reccvered causes this value to be high,
¢sHione planited aocording to available recards,
¥The ome rainbow trout recovered apperently was planted by mistake
with browm trout, having the same fin-mark,

o



at that time have alresdy been deseribsd, Such muddy water
‘made the reliability of census data questiomable and may
actuslly bave contributed to the spparently low survival,
These carry-over fish were numerous in Spring Brook in &pril,
1950, but by June their mumbers had beexn reduced to 21 fish

. por acre in Bection B and they were absent entirely in Sece
 tion A (Tables 29 and 30).

_Although the swrvival valuss just described appear to be
low, they are probably not greatly different from those in
other trout weters, Investigators who have measured relative
survival rates in terms of the c¢atoh of marked hatchery fish
by fishermen (Gee, 1942; Hazzard and Shetter, 135%9; King,
19l42), reported similarly low survival retes, It was the
general finding that the majoridy of hatchery fish recovered
are token in the first month to six woeeks folluwing planting,
although brown trout ars not removed quite so quiekly as are
brook aend rainbow trout, The cateh of hatchery trout in
¥iochigen streeme in the second sesson following planting bas
been reported by Shetter (1GL7b) as zenerslly less than 2 pere
cent, slthough season-to~season survival appears to be best
smong brown trout,

The sub-lepal fingerlings of the three trout spesies
vplanto-d in Dscember, 19L9, showsd a muoh better overwwinter
gurvival then did the légal-aiz,ed individualé of the same
spacles, if measured by the numbers estimated in the study
sestions, However, it should Le noted that the fingerlings

wors planted in December and in large numbers, while the



larger fish were stocked during the previous spring and sume
mer through August, Had they been planted on the same date
and in comparable mumbers, survival would have bsen aonsider-
| ably different,

The brook trout fingerlings, like ti® legnlesized
individuals of this species, suffered the higheat over<winter
mortality rate, However, the extromely small szﬁviml of
~these fingerlings to the last oengus in 1950 may be partially
explained by the fact that these fish averaged 6.5 inshes

(total length) vwhen planted as compared to 5.) inches and L7

inehen for the broan tx-oui end rainbow trout, respsotively.

A bigh percentage of those brook trout remeining in the stream
on the opening day of troﬁt season (April 29, 1950) were of
 legale2ize, whereas, it is doubtful if many individuals of the
othar two speoies were largs enough to enmber the fishermen's
ocateh at that times, Survival of the brown trout fingerlings
was not notioeably better than thet of the reinbows, Theae
results are not in agreemsnt with those of many workers who
have compared swvival rates of the two species and mve noted
a much higher over<winter survival cf browa trout,

Migration, Although it is certeln t hat siseble numbers
of fish left the study wreas, the extent to whieh migration
influenced the appereat survival of t he planted trout is not
imown, Bobh wild and hatohery-rearsd trowt, marked within the
sscbion i:omdarios » Were later recovered short distances

upstrean and downstream from the points where the fish were



relensed, BSimilarly, fish marksd sbove end belew the section
boundaries were later found ingide the study areas.

0f the 30 brown trout marked August 19, 1949, in the
study ares in Paint Creek, only one (3.3 percent) was taken
in the stream beslow on August 22. However, 6 (L0.0 percent)
of the 15 suckers marked at the same time wers taken below
the section boundary 3 days efter marking., Only 2 white
suckers, or 3,1 percemt of the &l that were marked below Sec-
tion B in the North Branch on August 10, 1949, had migrated
upstream into the seoction 5 days later, Of the 33 fish
marked above the area, 3 suokers (17.7 percent of those
marked) had migrated into the seotion in 5 days.

0f the 479 Pish marked on April 18, 1950, in a 300-yard
atretoh of Spring Brook irmediately below Section B, 19
brown trout (10,2 percent of the 185 werked), 5 rainbows
(12,2 peroent of the L1), and 2 white suckers (2,1 percent
of 95) were recovered inside the ares the following day. The
123 fish marked above the section on April 18, 1550, ylelded
only L browa trout (2.5 pereent) and 6 white suokers (33,3
percent) inside the section the following day. Although
Ricker, Mosbaugh, and Limg (1049) reperted that in Indiana
streams, wandering by trout represents exceptional rather
than typical behavior, Shetter and Bazzard (15l1) noted cone
aiderable migration in 'Hiehiga.n streams, particularly emong
brook and rainbow trout,

These data, although very limited, do indicate that mi~
gration is of considerable magnitude even over short periods

of time, The cause of the oomparatively great upstream



migration of brown trout in Spring Brook in August, 1949, is
wnknown. The noticeably greater downstream movement of
suokers is a result of their apperently greater meoptibility
‘to tho ahookez'. Large spociﬁens are frequently shocked
n'nraly with only average oxposwe to olootrical scurrents,
Th-y remain wnconscious for long periods and whnn thuy do
regain 'hhair no:_'ml suiming position, they appgar to be oar-
ried helplessly by the current for a variab;o period of time,
When thﬁy‘rnm norsal a.ct;vity, mny have often been

carried iong distances downatream.

Bad it bean praetical to conduot a census over greater
.diata.noos frm the seotion- and a‘b more rrequent intervals,
the extent ef trout migrstion from the seetions might have
bogn mbra acourately measured e.nd presumebly would have been

grenter than that indiested by the few examples above,

‘Fishing Intensity in the Streams

Although an intensive oreel census was considered ime
practioal, as stated sarlier, .it. was folt that an ocomsional
ohesck of ‘thu fishermen's catch might provide information
that would be helpful in classifying ths streams on the hasis
of trout production. It was hoped that these spot cheoks
might alse add to the information on hatchery-trout surviwal,

Such checks were mmde during the opening day of the 199
trout season (April 30) on the North Erench of ths Saline
River and on Paint Creek, and during the first two days of

the 1950 season (April 29 end 30) on Wilder Creek. Fishermen



on Spring Brook wers contacted June 2 and 29, 1949, and June

é end 7, 1950, A few additional repcrts wers received through

the looal aonservation officers, Very few fishermen were

encountered on Peint Creek and the North Branch after the first

two weeks of the season., The f'ishing preseure on Spring Brook

continued to be heavy into August in 1549, and 8 fishermen were

seonn Jume 6 end 7, 1950, in the vieinity of the study seotions

alone, It was reported by local sportsmen that Wilder Creek 4s

ususlly intensively fished from opening day (as evidenced by

Figure 15) throughout ths summey, but that the number of fishere

wen using the stream decreased sharply in July in 1949, preswably

because of the muddy water fram the dredging operations upstream.
An analysis of the ereel dats (Table 31) indicates that

the catch in all streems was quite low, Fishermen on the

North Branch of the Saline River apéaared to be least success-

ful, and those on Paint Creek most suocessful, in terms of

total trout caught per hour of fishing, Although Shstter and

Hagserd (1941) noted that in four northern Michigan astreams

the increass in catch per hour and the totel mumber of

hatehery fish caught are inversely proportional to the density

of the native fish of the specles stocked, it is belieswed

that the higher waluea reported from Paint Crsek are dus more

to the failure of unsuccessful fishermen to admit the number

of hours fished than tova high success rate, It was noticed

that they were reluctant to report results, whereas six

successful fishermen reported by telephone the following day.



Figure 15, Opening aay of the 1950 trout season on Wilder
Cresk, Note that 11 fisbsrmen may be soen in
less than 100 feet of stresm,
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The oatch on Wilder Creek seemed partiocularly low in
view of ths fact that 350 brook trout, £00 trown trout, and
LOO rainbow trout were gtocked in the stream only two days
before the opening of the ssason. Yet in two days of fishe
ing, 125 fishermen removed 26,0 percent of the trook trout,
23.5 percent of the brm trout, and 8,7 percent of the
rainbows, or an average of 18,2 percent of ell trout stocked,
Hineteen fishermen removed 20,5 percent of the 200 rainbows
stocked in Paint Cresk, wher@a 15 fishsymen on the North
Branch removed only 1,5 percent of ths ;00 rainbows stooked
two weeks earlier,

From the results of marking experiments and oreel cenw
suses in several northern Michigan streamc (Shetter and
Bazzerd, 1939, 19}._;1 3 Shetter, 1947b), it appears that hatohery
trout comtribute relatively little to the total ecatech in the
majority of streams studied. However, in more recent studies
(19L49-1951) E. L. Cooper (AE) reported that hatchery trout
made up abeubt 70 percent of the total catch in the experimen=
tal areas of the Pigeon River in northern Miochigen. In the
present investigation, the propartion of hatohery fish in the
total cateh reported ranged from 83.8 percent in Wilder
Creek to 100.0 percent in both the North Prench and Paeint
Creek, with a four-stream average of 90.4 percent, These
high figures probably indicate a general soarcity of native
trout in the streams ss well as & successful plenting proe

Eramy



TABLE 31, NUMBER OF TROUT CAUGHT AND THE GATCH PER EOUR BY SPECIES KEP@RTED BY 176 FISHERMER IN FOUR
- BOUTHERN MCHIGAH smm

Trout species ' . Number of
Stream Brook Brown “Reinbow Total trout fishermen
Planted Wild Planted Wild Planted %Wild Plented Wild hourea
Paint Creek A
Bumbher oaught “oe ese éy e m sse 1&3 esa 80
Catch por hour eve 0065 ses 0051 ces 0.5’4 sus
North Branch,
Saline River
Kumber cnght see o lw s e 6 ces T Y 66
Catch per hour s see 0,02 ese 0.00 ess 0.11 aee
Wilder Craesk
¥umber caught 91 6 LT 15 35 ess 173 21 619
Catch per hour 0.15 0,00 0.08 0.02 0,06 ... 0.28 0.03
Sprimng Brook
Humbar caught 1)4 1l 17 5 eace s 31 6 A3
Catoh pex howr* 0‘1? 0.01 0.20 0.06 e s 0.37 O. 07

Vetacked before 1SLGe

1461
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Although the catoh-per-hour valuss appsar low (Teble
31), they approximate figures reported by others for similar
streams. Shetter (1950) moted oatehes of brook trout inm
Hunt éruk during the 1947 season of 0,20 and 0.26 fish per
ho&.' and in Gamble Creek the same year éntahea of browm
trout of 0,06 and 0,30 trout per hour. Shetter and Hazeard
(19l1) reported measonal mverage valuss ranging from 0.37
to 0.77 fish per hour for sll thres species of trout in five
northera Hichigan streams, Cooper (MB) reported mean ennual
catohes in the Pigeon River renging fram 0.2hl to 0,501
hetohery-reared trout per hour and from 0.101 %o 0,180 wild
£ish per hows, Smith and Smith (19,5) determimed total
trout ontohes in Dusehes Creek, Minnesota, of 1.49 Pish per
iaéur in 1942 and 1,55 per hour in 1943, but stated that
most of the 'fishing load wes borme by natural reprcductian.

Although fishing pressure gererally dsclines somewhat
with the progress of the open season, there is reasen to be-
lisve that the gradual reduction in numbers of hatchery-
reared trout is greatly influenced by angling. The Horth
Branoh of the Saline River is a probable exception, because
of the low reported remowal of urout on opening day and the
faoct that very few Pishermen were belisved to have used the

stream after the first two wesks of the season,

Age Composition and Growbh Rate of Wild Trout

In order toc compare the growth rete of fish in the four

streams, ell wild trout sncountered were measured and welghed
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and scele samples were removed, Only wild twrown trout in
Bpring Brook and Wilder Creek were taken in sufficient numbers
o make suoh a comparison reliable, Although the great
majority of these spscimens cames from within the study seo-
tions, & few individunls were collected in adjacent aress.
Total lengths ware Laken to the nearest tenth-inch, weights

%6 the nearest grem. The smallsr fish were weighed on a
Ghatillen pletform balance of S500e-gram capacity. The weizhts
of f£ish too large foar this kalarnce were cbtained with a Brawn
flat.beok spring balance and scoop (30«pound capacity with
1/lepownd divisions}e

& group of 5 or 6 somnles was romoved from the side above

the lateral lire and opposite the anterior base of the darsal
fin, Thess data and scales were taken frem 81 trout in Spring
“Brook and from 35 trout in ¥Wilder Creek. ILengths were becke
ocalovleted assweing a straight-line body-seale relationship.
It eppesred impractical to sttempt the determination of the
true body-seale relationship with so few fish, particulerly
 in the older age groups, For the same resson, detarmination
of the cenditien factor wes not attempted,

- The distribtution of nges ameng wild brown trout in Spring
Brook, although besed on relatively few fish, is normal for
hoavily fished strsams (Figure 16), The comparatively small
muber of individuals (8) in age-group O may be due to the
fact that very smell trout ars not so resdily teken by the
shooker as are lerger fish.

The age distribution of brown trout in Wilder Creek



Figure 16, Age diatribition of 81 wild brown tFout in Sprimg Brock. =

Figure 17, Age distribution of 33 wild brown trout in Wilder Creek.
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(Figure 17) is similer to that in the Sprimg Brook populetion,
although the disappearsnce of members of age-groups II end III
ie slightly more abrupt, Only 5 fish in ages-group O were re-
sovered,

The brown trout in Wilder Cresk apparsntly grow muoh
faster than theose inm Spring Brook. Empiriocal lengths at the
time of capture and caloulated lengths et annulus farmation
for theae two groups are shown in %ublés 32 and 33, The
majority of the fish fram Spring Brock were taken in April
and May at the tims of anmulus formetion, while most of those
in Wilder Creek were telken in July and August; hence the
groeater empirical lengths of fish of the sams age group from
the latter streem. That the fish actually are larger in
Wilder Creek can be proved by a comparison of the lsngthe
ecaloulated at the date of annulus formation which is asesumed
to be the same time in each sbtresm,

TABLE %2, EMPIRICAL AND CALCULATED TOTAL LENGTHS OF 81 WILD
. BROAN TROUT FROM SPRING BROOK

Total length, Age Group ) '
___inches ' B S SRONE * SE ¢ S SN 4 W"
Eapirical 2¢8 547 Teb G2 11,1 17.2 20,1
Caloulated ree L5

(X2} 309 7q°

122 l&oé 7.5 809

ees Gol 68 944 10,2

ave 5e7 11,2 1he2 15.7 17.2
v 3.7 6,9 11,2 13,8 17.2  20.1
Average Gotal ‘ ‘ T

caloulated ves LeB  TuB 10,9 13,2 17.2 2041

length, inches | — .
idicntes that fish taken after Jeanuary 1 are placed in this
ags group although the last annulug has not yet been formed,



Tha wvalues of the wmpiriocal lengths presentsd above
sompare favorably with those reported by obherss Shebter
and Fezzerd (1939) reported tetsl langths of browm trout ian
the Little Menistee River in June as feilows: O age group,
2«8 inches; I age growp, 6.7 inohesy I ags groupg 78
inchee: and ITI age grouz, 8,7 instea, Cunlseulated Pork
leugkhe of Wirmessts brown trout reported by Bddy snd Care
lander (1930) cempara equally well,

TABLE 33. REHPIRICAL AND CALCULATED TOTAL LENGIES OF 33 BROWN
‘ TROUT FROM WILDER CREEX

Totel length, , | " Age Grou
ainehe:m' ""f I 'ﬂi‘ ﬁz ™ v

Empiriesl holy 6.8 10,1 15,7  sea 1849

Caleulatad ves Lal

T Bel

[T R h-3 907 13‘5

ae 3:5 6&5 10.2 11“3 17 .0

AveTage OAlou~
laved total “ra b1 8.1 11.9 1.3 17.0
qugth, tnefhcp |

Spewning Sucoeoss

The exiremsly low perventage of wild troubt, both in the
reporbed early.season catoh and in vhe psriocdieal pepuletion
estimptes, indioated a low rate of meturel reproduction,

The scercity of samll fingerlings in Peint Cresk and their
epparent abssnes in the Xorth Breanch of the Seline River
suggested the possibility of a nsarly complete spawning fail-
wre in theae two streanma, Hovever, an examination of the
populations with the eleotrieal shooker just preceding the

Spawning #sason showed that sexually mature trout were
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pregent, if not numercus. Observations wers mnde during the
trout spawning sesson on several streems with the twofold
purposis of measwring the extent and suscesz of spawning ace
CBAvity in the four sbreams under study and of determining
the site charsoteristics whore nest-bullding was actually
talking plece, Thess chservations comsisted of looating,
mz;kf.ng.: end rooording the locstion of all new nests, Hest
sites wore marked by driving o stake infio the stresam bottom
pearby. The physical festures of the stresm such as depth,
widih, current valenity, cover, and bottom typs near a few
nent sitsu were measured snd recorded, ZEzz samples wers
talkan st intervals from several nests to mrasure ezg mors
tality. The apparent fsilure of reinbow trout to spawn in
sny of the streams studied is no douwbt dus to the apparent
sbsence of gexually mature fish during the spring spawning
seagon of this species, There wes no evidence of mature
rainbow dProut in the very small mzber of legalesized fish
or among ths more numerous fingerlings which survived to
the spring of 1950, Therelfore, tlwse observations of re-
produetive activitises refer only %o the brock and brown
troub,

The first indicstion of szmming ceourred with the dis-
oovery of two partially completed broun 'éroxxb nests in
Wilder Creek on Ocbober 25, 1949, By Hovember 10, spawning
by both brook trout and brown trout had apparently resched
ite peak. The last evidense of nesting astivity was noted

in Wilder Creek on November 17, although thers my have
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been limited spawning in all the streams after this date.
The water temperature in Wilder Creek wos L9°F. et ths time
the first nests were found. At the end of observed activi-
ties, slightly more than thres weeks later, it was LO°F.
Hest-building by brown trout was observed in ths Horth
Sranoh of the Saline River on November 11 when the water
temparature was 54*F., and by brook trout in Silver Creek,
Allegan County, November 8 when the water was 51°F. It
appears from these observations that both species spawn at
approximately the same time in this locality and that the
time of the season is probably influenced more by the length
of dey than by water temperature, The effeet of the length
of day on the date of brook trout spawning sseson has basen
shown by Hoover (19%7) eand by Hazard and Eddy (1951).

I% was believed that once the characteristios of the
resting site had been determined, it would be possible to
estimats ths extent of suitable spawning area in each siresm.
The site charecteristics of hqth species showed much variase
tion. Redds were located in stresm areas which varied in
width from Ly to 13 feet, and in depth frm‘ 8 to 18 inches,
c‘urrunt veloeity at the upper end of the redd, measured
midﬁa;r bstwesn the surface and bottam, ranged from 0.9 to
/ 1.5 feaet per saémé. Brook trout nests wers generally found
in situations approsching the lower IMts of the values
listed 'abov’a.» Both speéies apparently constructed nests in
open, unprotected areas as often as they ochose the protece

tive cover of overhanging ‘ba.nkn and ghrube, Gravel with
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particles ranging from the sige of a pea to about three
inches in diameter was used, although larger sizes were
preferred (Figures 18 and 19).

The size of the nest veries with species and with the
gsize of the female building it, Smaller nests were noted in
the relatively still-wster areac as compsred with those in
faster riffles., Brook trout, which epawned in 2 small
tributary to Spring Brook in Section 19 of Richland Township,
wnde redde not more than 2 feet lomg end 18 inches wids,
‘whoreas brown trout nests 12 feet long and 8 feet wide were
-weusured in Wilder Cresk, Oreeley (1532) reported that
- fmmediately efter depoeiting the egzs, the femsle digs upe
stream from the egg pocket to cover the egge. Two nests in
Wilder Creek, 7 and 12 feet long, when excavated, were found
to have 2 end 3 separate egg pockets, respectiwsly.
Although the eges in the lawer pockets were covered with
gravel to a depth of 5 or & inches, those in the most wp-
stream pocket of each nest were buried in less than one
inoh of fine gravel. This obserwation leads the writer to
question the purpose of guch upstream digging as stated by
Grosley, It ssoma more probable that the egze are coversd
incldentally in the preparation of a new egg pocket by the
fonnle,

On the basis of these obsarvations, it appears that
the omly spawning site charactsristics essential for spawn-
ing activity are: (1) gravel bottom with particles ranging
in size from about one=fourth inch to 3 or L inches in
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Figure 18. A partially completed brown trout redd in the North
Branch of the Saline River, November 11, 16L9.

Figure 19, Diagram of the brown trout nsst pletursd in Figure
18, showing the length and the depths and eurrent
velocity values st selected points. Current
velooity, measured in fest per second, is 1,2 at
A. 1'0 !’ﬁ B. Uil at e’ aﬂd 1'1 &15 n.
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diameter, (2) current welocity over the gravel aress renging
from about 0.9 4o 1.5 feet per second, end (3) & source of
spring woater nesarby, Brown trout appear to show less depen-
dsnce than 4o brook trout on springs in clésa proximity to
their nests,

0f the four streanms sﬁudiod;_ only Paint Creek appeared
to be lacking in any of the émlitiu described above, Ale
though springs sre commen in the upstream areas, there is a
very noticesble searcity of gravel and an abundance of sand
ard cleys In the streem below the portion dssignated as
trout water, gravel areass are extensive; but & c¢ensus of
this water with the elsctrieal shooker failed to reveal the
presence of trout st any sesson of the year. Limited obe
gervetions indiocate that in all the streams, brown trout’
nigrate upstresm to spawn, 4 careful sxamination of the
upper portion of Paint Creek at the psak of the 1949 apawaing
sepncn reveala only three partially completed, but deserted,
brﬁm trout neste. They contained no eggze, Thet limited
succassful spewning occurred in 1940 is certain because seve
61-3.1 fingerlings of thie species were collected in the atudy
section in July, 1950,

The North Eranch of the Saline River has very extensive
bede of suitable spawning grawvel, favorable water current,
and an mpparently adequate supply of spring water, However,
during the 1940 spewning sesson, only two nests were cbe
ssrved whioh had progressed beyond mere exploratory stages,

end only one of these contained eggs. It becsme apparent



that the limited spawming activity in the Forth Braneh re-
sulted from a soarcity of sexumlly meture fish. Attempted
stripping of 18 of ths lerger hatohery trout szollseted
Hovember 10 failed to reveal a siagle rips fish. Bight of
thess were disseoted and found to be sexmmlly immmture, Yet
nunersus hatohery fish from the same stoock were seen digging
nests in Spring Brook three days esrlier,

" Conditions mitable tor 'brm trout spewning in Wilder
Creek m adequate &s evidenced by 2 gount on Yorembesr 17
of 37 neets of this specise in slightly less then & mile of
streex below the county road bridge in the north?astem
corner of Bec¢tion 16, Eokford Township. The sappsrent fail-
we of brook troub to spawn in this stream during the 1949
soason may be atitributed to a searoity of sexually mature
- fish.

An =gtimated 75 percent of the mocessible length of
Spring Brook iz suitable for trout spawning. Om November 7,
1949, a %otal of 55 browa trout neasts and one brook trout
nest were counted in the length of stresm from the highway
‘ (%-89) bridge dewnstream to the railrssd bridge LOO yards
below D Avenus, a distance of 1=1/2 miles, Nest bnnéing
by hatohery trout of the current season's plantings wae
observed ln Study Section B end imwediately upstream. Mea-
surenents of 17 mdomly gselected speoimens, including 8
fewales, L, of which were "ripe,” and G males, 5§ of which
were ripe, indiocuted thet the atbteimment of sexwal maturity

is not determined entirely by sgize, Females es small as
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8.6 inches, total length, wers ripe, wheress others of the
sams sex as larpge as 8,8 and 9,0 inches were sexzually imma-
ture., The average total length of the 5 ripe males was 7.3
inohes, while that of the L immsture fish was 7.5 inches,

The part these trout played im ths total reproduction for
the eeason is assumed to be slight, since only L of them were
actually observed digging nests,

Practically all the brook trout nests cbserved were
found in the emall tributary to Spring Brook deseribed pree
viously, On October 31, wsll before the peak of the spawning
season, 23 partially ocompleted brook trout naaﬁ ware counted
in spproximately 300 yards of stresm just below the pond of
e desertsd private trout hatebery,

Aa pointed out eabove, suceessful reprodustion depends
not only on ths presence of sexually mature fish and suitable
site charasteristics, but aleo on conditions conduoive to
good egg survival, Although relatively littles spawning ec-
tivity was noted in Paint Creek, ezg surviwval must have been
-gatisfaotory sinee fingerling trout were seem the following
sumer, In the North Branoh, however, high egg mortality
wns indiented by the failure to recover fingerliing trout in
1950 and by an examination of every nest qbaervod during
the spawning season. The only nest which contained egss wes
excavated on Jenuary 12; 1950, after au mid-December flood
bad deposited a six~inch layer of silt and ssand over the
gravel, A total of 187 eggs was removed, all of which were
deads Tt is possible that all were not recovered, but it

is doubtful if any remaining would be wviable.
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On the same date, 5 nests partially excawated in Wilder
Creek ruvulod °88 survival rates of 8647 parcezrk. 8li.6
poreen‘t, 77.3 poraent. 761-1 gor«nt, and 65.9 pomnt . With

a.n aversge value a:r 78.1 perecnt. on Fobrmy 2. 1950,

| L brown trout nests in Btudy Soa’eion A af Spring Brook were

manted. Egg mvivul v:lues hcro wore 81.2 percent of
155 oges, T6.li percent of 85 °gze, 73els parcent of 260 eggs,
land 0.0 pereent in the fourth nest (these eggs were not

eom‘kud since li'fe ones were not fomd).



EVALUATION OF FACTORS INFLUENCING TROUT PRODUCTION

The faobors known or suapected of limiting trout proe
duotion in the streams studied havo been described
qualitatively, snd quantitatively whersver pozsible. low-
sver, only rarely can the émxf»utiw effect of any one
factor be determined bsoause of the inberaction of nwmwrous
features, both of the enviromment end of the fish populaw
tions themselves, In the dizcussion to follow, the apparent
influence of each factor an production will be evaluated
by strean sectionz., The site and species eomposition of
the fish pepuistions presented eariier will be used sz an
sid in this ewaluation,

The ealculated corvelation coefficients betwoen factors
and fish produstion, both of trout and non.%rout apecies,
are based on I} to 6 pairs of messurements and hence, there
sre only 2 to L degrees of fresdom. With so few degrees of
freedam, sampling errors and the element of chance may
dotract somewhat from the significance of the correlation
even though the valuse exceed those yresented az significant

by ‘Snedesor (1ci6),

S8ige of Stream
It has been generally ecoepted that large streams proe
duce more {ish of larger averapge sixe than do similar smsll
streems, large stream size usually implies both greater .
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surface area and grester depth, or total weter volume,
8inoe the stresms are sll epproximetely the same width, the
wejor varistion appears in depth. In several northern Michiw
gen streams, Shetter and Hazzard (193%9) found the grestest
produetion of all epecies to be in these asctions having
greater average depth and a higher percentage of sandy bot-
tor., Hoover and Morrill (wmdeted) found ao such reletion
between production end average depth in two New Iampshire
streans, Garking (1949a) hae shown thet ths size of stream
fish popnlatieons in several Indisna streams ie not propor=
tional to the total water volume, but to the velume within
$he 2-foot combour, That this relationship of deep water
volume to tetal fish production doss not apply to the streanms
in the present study 48 shown in the following listing of
the streams in the corder of decieasing volume withinm the
2.fost contour (see Teble 12);

(1) Spring Brook, Bection B (200,5 pounds per acre)j

(2) Wwilder Creek (56,2 pounds per nore);

(3) Bection B, Worth Branch of the Saline River (266,7

pounds per aore);

(L) Paint Cresk (161.1 pounds per acre);

(5) Spring Brook, Seetion A {208.6 pounds per acrs)y and

(6) Seoction A, North Branch of the Salins River (302.7

pounds per acre),

The values of the stending orop shown in pareathesss are
averages for the period of study. It can be seen that Wilder

Crook with the sescond largest peroentags of water volune
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2 fest deep or desper supported the smallest everage crop of
fish per acre, whereas Seotion A of the North Branch has the
srallest volume of deep water, yet had the largest standing
oraop dwring 1949 and 1950, There appears to be mo correla-
tion between percentage of deep water (pools) in the sections
and size of the fish creps pressnt., Neither is there corre
lation betwsen percentage of deep water end percentage of
trout weight in the total fish population. Thie apparent
iﬁek is no doubt partly due to the grsater influence of other
factors whose effects have obscured the influence of deope

water volume on produetion,

Shade and Cover

The two seotlons on Paint and Wilder Cresks with the
lergast percentages of their banks shaded (100 percent end
90 percent, respectively) end with the bsst bottom cover, had
the two emallest average standing orops of fish during the
poriod of study. Although the percentages of trout, dy
weight, in the twe populations, 39,6 percent in Paint Creek
and 37,6 percent in Wilder Creek, were considerably greater
than those in eithsr section of the North Branch, they were
less than those determined in each seetion of Spring Brook
where shade and cover were inferior. 7he total population of
the North Eranoh consisted of 3.. percent trout, by weight,
in Section A and 12,5 psrcent in Seotion B, In Section A of
Spring Brook, 56,2 percent and in Section B 72,0 percent of

the total population weight was composed of trout. The leck
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of correlation between shads and cover aund Yotal fish pro-
duction (size of stending orop), end also between shade and
cover and the percentage of trout in the fish population, is
obvious, These findings are in Aamamant with those of

Hoover and Merrill (undated) in New Hampshire trout streams,

Hewn Swuner Water Temporature

!

In ettempting to evaluste the effect of water tempers-
ture on fish produetion, it becomes ‘nacusary to average the
woight of fish per acre in the two seetions in the North
Branch end in the m in Spring Broak, since the tempera-
tures in the two sections in each stream have been combined,

There appeers to be insignifieant correlation between
mean summer btémperature in the four streams anéd totel fish
production (r = 0,517)s & significant correlation coeffie
cient is 0,950 at the 5 pesrcent levsl of significance, with
2 degreea of freedcm. There is greater negative correlation
batwsen temperature sand the percentage of trout by weight
in the total population although the corrslation coefficient
(r =0,892) 15 only alightly less than the eignificent
wlue expressed ebove, The lack of a mors significant core
relation between tolal fish praduction and temparature is
pardly the result of s high proportion of trout in certain
of the atreams. The higher negative correlation between
perosntage of trout weight and Yempersture suggests that
tonporaturse, either direotly or indireotly, is partly re-

sponsible for the variation in size of trout populations,
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Bottom Type

There appears to be a lack of correlation betwesn the
percentagee of the warious bottom types (Table 12) in the
stream seotions and total r;sh production ac well as between
bottan type and trout production. Gerking (19hoa) noticed
a similer lack of correlation in his studies on Indimna
stresms, although Shetter and Hazzard (19%9) in Hichigan re.
portsd greatest production of all species in those streams
having the greatest average depth and the highest percentage
of sand bottom. The effeots of bottom type on fish produce
tion are no doubt mostly indireect and are reflected through
a diregt influence on the abundance of fish food orzanisms,
The extent of bottom type suitable for trout spawning cer-
tainly appears to be a factor limiting the production of
wild trout in Print Creek.

Ploods and Siltation

As stated prewviously, differences of opinion exist cone
cerning the effects of floods on strsam life, However, ths
extreme flood conditions which ocowrred in the North Branch
of the Saline River appesred to have a harmful effect, The
sizable decrease in numbers of all speeciss except Joknmy
darter noted in Section A of the North Bremch on April 1L,
1950, was probably due in large part to ths flood 10 days
earlier, TYet, in spite of the floods, this stream supported
the highest average fish population of the four streams

studied,
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An indirect, although no less serious, effsct of floods
is the shifting and deposition of bottom materials which may
destroy nests and fish food organisms. The flood in Deceme
ber, 1949, which hes been dssoribed, resulted in a layer of
‘sand which smothered two brown trout nests and killed all the
ezgs. Considerable shifting of bottam materisls was noted
in Paint Creek also, but its extent cannct readily be ex-

 pressed quantitatively in either stream, Neither can its
' effect am f£ish produsticn be estimated satisfoctorily. It
is believed, however, that this shifting of bottam materiala
does play a major part in the scarecity of wild trout amd in

the low rate of spawning Euceaua in the two stireams,
Chemical Features

The mean values ofvp:li, norssl earbonate; bioarbonate,
aﬁd slootrioal resistivity (Table 12) show 8o little variaw
tion between streams, it is very doubtful that any of them
might be exerting a differential influence in trout produce
tion or on total fish production. Variations betwesn dates
on the gsame sireams were fc»onsiderably greater than the average
variations between streams. According to Ellis (1937), mwat
fish aspecies hawe great tolerance for wariatioms of pH,
carbonate concentration, and specifiec conductance (reciproeal
of resistivity) over a wide range of values, The range
shown by Ellis was greater by fer than thet shown sbove,

Although there appears to be no correlation between total

welcht of fish and any of the chemical features listed, there
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is rank sorrelation bstween everage weight of trout and pH
(rg » 0.,800) and between trout wsight and normel cerbonate
(rg = 1.00)s It should be pointed out, however, that in
spite of thess high correlation values, significant rank
correlation camnot be obtained with only L pairs of meesure-
ments at the 5 percent level (Smedecor, 1946), In view of
the slight variation shown ebove and the extremely wide
range of tolerance of fish for these factors, it eppears

that the high correlation shown is coineidental,
Food Supply

It wes pointed out in am earlier seclicn that the avere
age numbers and volumes of bottom organiems determined by
sampling are probably not sufficiently reliable te permit
an accurate estimation of the total potential food supply
in a stream section. However, with a knowlesdge of the exa
tent of each bottom type, they do give fairly reliable
approximations of the relative sisges of the standing crops
of organismeé in the various seotions at the time of sampling.

The insignificant positive correlation (r = 0.512)
betwesn the averags weight of trout and the weighted average
volume of bottom crganisms in the seotions may be explained
in the following way: (1) all organismes which make up the
standing orop are not utilized by trout to the same degree;
(2) & sizable portion of trout food during the summer cone
sists of terrestrial orgesnisms; end (3) the stending erop of

bottom organisms, measwrsd during a period of & few weoks,



17h

is not & reliable estimate of the total food supply avail.
able to the trout population throughout the entire growing
88850n,

The low negative correlation (r = «0.,450) betwsen the
average weight of non-trout species and the average volume
of bottom organiems indiostes that the potential food supply
4a inversely proportional to the size of the non-trout
population, This relstionship suggests, but does not prowe,
that the large fish populetions in some seotions are keeping
the bottom organiems et s low level of abundanse., Hoover
and Morrill (umdated) reported a similer lack of correlation
hetween the weight of trout and sowlpins per acre and the

numbers of invertebrates per aocre,

Competition

It was stated esrlier tiat competition for food appears
to exiat batwesn trout and non-trout apecies, but its seri-
ousness oamnot be determined since food requirements in
relation to food supply are not known. The extent of total
competitien between groups, howsver, is suggested. The
negative carrelation coefficient r o «0.651, although not
signifieant, does suggest an inverse ratio between the wolight
of trout and the weight of other speoies in the sections,
This relationship may be attributed to moderate competition
betwsen the two groups, or to the failuwre of the stream bo
aatisly the habitet requirememts of the lesser group



represented, which doss not necessarily rule out the pres-

enos of competition,
Fishing Pressure

. The meager catch records do not pesrmit a relisble
sstimete of the effect of fishing on the trout populstions.

"It may be safely said that efter the firet fow weeks of

"~ the season, very little angling ocours on Paint Creek and

the Forth Branch of the Saline River, whereas, under normel
conditions, moderate fishing pressure sontinuss on both
- Wilder Creek and Spring Brook throughout most of the trout

BOASOD,
Classificeation of the Streame

Although the size and species composition of the estie
mated fish population and the extent of natural reproduction
do not provide a precise measure of the ability of a stresm
to produce trout, they do give a moderately accurate egtie
mste, In the absenve of complestie information om the yield
of trout Lo fishermen and ths extent of migratiom out of
the atudy sections, any attempt to classify the four streams
studied in terms of trout production must be based on
gtanding orop, natural reproduction, and the extsnt to which
the streams appear to meet the habitat requirsments of the
trout speoies present, |

0a this basig, the following classification of the

four streams is wede:
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2,

3

176

BEomp-fide trout stresm: & sizable population of

wild trout exists at all semsons and matural repro
dustion oocurs ammurlly. In this category are
placed Spring Brook and Wilder Oresk,

Marginal trout stream: +the size of the wild trout
population, although generslly smell, varies from
year to year, spd limitqd natural reproduction
ccours, Paint Creek, with reletively few wild
trout, is clmssified e2 & mergzinal treut stream,
Bubemarginel or seasonel trout streem: the wild
trout populetion and watural repreduction are
questionable or ebsent, The North EBranch of the

Seline River ie oconsidered e seesonal trout

_gtresn,



CONCLUS IOKS

On the evidence presented above, it appears that the
size of the trout population is imflusnced by different fac-
tors in esach stream, The variation in average depth, shade
and cover, and chemical characteristios is probably not so
great that any of thess femtures bave & noticeable limitimg
offect on production in sny of the streams, The very low
trout production in the North Branch of the Seline River
appears to be the result of ssveral factors, The mean summer
water temperature, although not above that commonly accepted
as tolerable by trout, appears to limit the mmbers of t rout
and to favor an inorease in sbundance of the competing fish
spscies, The food supply in the North Branch appears to be
limited in comparison to that in some of the other waters,
possibly the result of a very large population of non-trout
species and of floods which csuse a shifting of bhottem
materiale. The shifting of the bottam elso has a serious
limiting effect on the trout by destroying nests, as evi-
denced by the lack of matural reproduction,

The low average produoction of both trout and other
f£ishes is in Wilder Creek apparantly not greatly influenced
by temperatures., The food supply compares favorably with
that in all other stresms and competition apparently is
slight, BDecause the estimated size of the total fish POPU=

lation decreased from 101 pounds per acre in 1949, shortly
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bafors the dredgiag hepgan, to %l pounds per scre e yesr
later whiles the dredging continued, it s;ams safe to assume
that a major pert of this doerenqa was caused by the dredge
ing operstion which kept the stream in an extremely roily
condition at nll times. The comparatively high flehing
intenslty ie no doubt prtly responsible for keeping the
rout papﬁlation at thie low level.

The factors of tewparatﬁré. flocding, and competition
sppear not to have e sericus liniting efféot on the trout
populstion in Paint Creek, However, the great scarcity of
ﬁatural reproduction of trout of zll eges and the very
limited production of bottom organisms indicate that the
high poreentagu of sﬁn& bottom, which is continunlly shifte
ing, acts as & limiting factor,

There sre no spparent conditions seriocusly limiting
trout production in Spring Brack. Fishing intensity no
doubt plays & major role in curteiling tl» size of the trout
populaticn, but eammot be considersd a seriocus factor in
reducing.prpduetion until it beoomes so grest as to eause
soarcity of breeding fish,

It shouléd be peinted ocub that the spparent correlation
between sige of Yroub population end the varioue fa#tarn
diseussed shove has only mederately high mathemsticel sige
nificeance, partly beeause of the small number of palrs of
measurenente, datarminsdAby the numbsr of stream sections,
Such éorrelatian coeffloients ars strongly suggestive ef

elignificant relationship,



RECOMMERDAT IO

A major functiom of the Michigan Conservetien Departe
sent?s Fish Division is to provide satisfastory fishing year
after year to tho greatest nwmber of fishermen. Hocause of
the great distance to some of the norihera trout waters,
these aeiﬂ:h‘ern étreams'near lazge conters of population hmve
& definite place in the over.all recrsational program if
they can be made to provide trout fishing occumensurate with
the ocasts involved, The planting of legal-sized trout is
expensive and not too sucesssiul in some of the streams
deseribed, Reoommendetions are aimed at inoressing ths per

centagﬁ of planted trout caught by Tishsrmen and improving
envirommentel conditions to favor an increase in netwrally

produced trout,
Paint COreek

‘Bacause the fishing pressure on Paint Creek decreaswss
ebruptly afber the first week of the zeason and because
mortality of hatchery trout is high, only ons pre-season
planting i3 reccumended. DBrook trout and brown trout are
favored since the former are easily caught by the fishermen
and the letter show bebter survivel rates and are slso
reproducing naturally in limited numbers,

Removal of liﬁited ereas of dense growths cf shrubs

would make additional water available to the fishermen
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without greatly inoreasing the water tempersture, Series
of deflectors in the swif'ter portions should expose ab

least small areas of gravel suitable for trout spawning.
Additional deflectors designed to cut dessp pools are not

recormsnded, '
North Branch of the Saline River

Under pregent stream conditions and slight mid«season
fisizingv presswre, cnly one pre-season planting qi‘ brown
trout and rainbeow trout is recommended for the Horth EBranch
of the Seline River, Not much can be recommended in the way
of stream bed mproment until the threat of floods has
been reduced. Frequent and severe floods are predicted as
long as current mgriculturel practices and normal weather
conditions comtinue, However, acquisiticn and fencing of a
50=-foot strip of land bordering the stream are rscommendsd,
The stream benks should be planted with willows or other
suitable shade species to mmintain low water temperatures.
Cattle should be excluded, Construction of a dam with a
2«foot head in the lower portion of the stream should digse
courage upstream migration of non-trout species without

hindsrin_g the movement of trowt,
Wilder Cresk

It is recommended that brock trout ard rainboy trout
be stocked in Wilder Creek, in view of the comparatively
high oatchability of thees species, and that plantings be
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made lmmediately before the opening of the trout season,
If Pishing pressure continues &t a 'hi_gh lowel, additional
emmll monthly plantings of brown trout should be msde, Ho
vfu‘rthar stream improvement meiaaurglvgre reccmmended,
Spring Brook

In Spring Brook, & pre«season plenting of hrook trout
in the upper thres miles of stream and of brown trout in
the remaining mé@uiblo areas is recomssnded. Additional
plaﬁtingp of both spenies at approximately monthly intervals
should be made if ﬁ#hin; pressure coniinues to be heavy,
Although cover ie not seriously ]p.cld.ag, defleotors should
he im’c;llod 'invlo'ng shallow sm’eeh-i of atream %o provids

additiomal deep holes and cover,



SUMMARY

"rho purposes of this invesbigation were (1) to evaluate
he techmigues and equipment currently used in the elsctri.
cal comsusing of sbresm fish populations and edopt them for
uee in soutbern Michigen stresms, (2) to meassure ths success
of the conzoivution De?aftﬁant's trout plenting program in
selected southern Michigen streems, end (5) to dstsnﬁimn the
factors influsncing trout produstion in these waters,

'fhe saalysis of the censusing techniques and equigmsn&
shéwﬁd that altermeting.current units of 110 volts and 500~
watt capasity function satisfactorily in olear streams up to
20 fest wide and to depihs readily wadable, with water
reasistivity values ranging fram 1000 ohms to 2500 chms par
subic ceantimeter. Elsctrical seinss were not feasible bew
cause of obstruotions in the streams.

The zize and shape of the fields produced by slectrodes
of sevsral shapes and sizes were measured with equipment
consisting of emmster, volimster, earphones, wire prebe, and
10 equal resistors in series, Results showed that elscirodes
longer in the hordzontal dimension perform to betier adwane
tage in shellow water whereas those longer in the vertiosl
dinension ares better in deeper, narrcwer streszs when used
- with a 500-watt wnit. The latter electrudes produce a come
paratively smell effective horisontal field irrespsctive of

water depthe The larger the surface area of the sleotrodes,
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within the power limits of the generator, the greater will
be the .'affioieney of the shooker, Size and chape of alace
trodes for greatest sfficliency are determined by (1) power
output rating of the generator, (2) depth of the stresw, and
(3) resistivity of the water,

The voltage gradient intercepted by the totml length of
fishes, with dus consideration of water resistivity, seems
to be the more convenisnt wnit of measurement to determine
the intensity of anvelectrieal field necessary for paralysis,

' Head-toetail voltage gradients ranging from 1,389 volts
%0 2.09 volts in water of modsrate resistivity ceused paraly-
gis of fish of five species.

Dirsct-current shockers function better in swift or
roilﬁr water than do altsrmating-current umits. Recovary of
marked fish in clear water ranged from 0,0 to 100.0 percent
end varied direectly iritb. size of fish,

The reliability of population estimates by the wark and
recovery method varies directly with the ratio of marked fish
to total fish recovered (R/H).

Under arvificial conditions, trout mortality with the
eltarnatingecurrent shocker was 11.2 percenti with direot
current, 2,0 percent, HNortality would have been less in
positive stream work,

 The most outﬁtanding snvirommental features of the fowr
streams studied are presented. TFeint Creek in Weshtenaw
County is a cold«water streem in its upper two or three

miles, It is densely shaded, and although not subjeet to
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severe floods, there is considersble shifting of the sandy
bottom. The very werm, downstream portion often floods and
appears to have no troub,

The Horth Brench of the Saline River in Washtenaw
County is oonsiderably warmer and is subject to freguent and
severe floods, The bottom is largely gravel and rubble,
Humerous fish species are represented,

Wilder Creek in Calhown County is & welleshaded, mode
‘erately cool stream., Osccasional floods cause considerable
damage, Dredging in the upstream areas kapt the water roily
in 1949 and 1950,

Spring Brook in Keslamezoo County is & cold atream,

There iz little shade, but springs keep the water temperas=
ture near 60°F. during the sumser. Cover and pools are
adequate, Few fish apecies are present,

| Great variation in number and volume of botbom orgenisms
per square foot aample made accurate sstimntion of standing
orops lmpractleal, oven when anslysis was made by stratifying
the sexples mocording to botbtum types. Approximations of
standing oraps of organiems ranged from 0,085 ocubiec centi-
mater por square foot in Sestion B of the Nearth Branch to
1,510 cubio centimetsrs per square foob in Section A of
Spring Brook. Both volume and number of organisms per aquare
foot of botbom varied with battam type.

Volume of food in frout stomechs ranged from a trace to
Zal oublo conbimeters. Troub generally utilized more Iinds

of orgenisms than did other fish species. The number of
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kinds utilized veried with size of fish concerned. The most
gommon orgeanisms in the bottom samples generally were most
samion in trout stomechs, bub did not asour as frequently in
atomachs of other species, Terrestrial orgenisms were prow
 portiomtely more numerous in stomachs of trout from stream
sections with small bottom feuna ecrops,.

Sizable sensonal variations in the fish popnla‘bian# O X
isted, Aversge standing erops for the period of study ranged
.~ from 96,2 pounds of fish per sore in Wilder Creek to 302.7
pounds per acre in Section A of the Horth Brench of the Saline
River, The average psrcentage of trout by number in thege
- estimetes renged from 3.l percent in Section A of the North
Ereneh to 72,0 percent trout in Secticn B of Sprimg Brook.
Much of the seasonal veriation in total weight was the result
‘of the spawning migrations of several species,

The extent of nstursl x‘eproduqtim of trout, beased on
numbers of wild fish to hatchery fish collected, ranged fram
0.2 peroent in the North Branch to 72,1 percent inm Spring
Brook, The wild brown trout in Wilder Cresk grow at a faster
rate than do those in Bpring Brook.

Swviwval of hatchery trout was low in all streams,

Brook and rainbow trouts generally disappeared in four to
six weeks following planting. Brown trout persisted for
slightly longer periods,

Qver«winter survival rates of adwsnced fingerlings was
slso low. The greatest mortality was suffered by brook trout,
nany of which were of legal asise abt the openinmg of the 1950

Srout season,



Fishing pressure was hsavy on all streams the first few
days of the season but decreased rapidly om all but Spring
Brook. Fishermen on Wilder Creek in the first two days of
the 1550 season removed 18,2 percent of the trout planted
two days before the season opened.

Rainbow trout wers not observed spawning in any of the
gtreams studied, Brown trout spewning aativity was noted
in all streams but successful nests were found only in
Wilder Creek and Spring Brook.

Suoocessful spawning in Paint Creek seoms to be limited
because of a soarcity of suitable gravel areas, There ape
pesared o be a ssarcity of sexually mature trout in the
Horth Branch, and the one completed nest observed with
viable sggs was destroyed by a December flood, Suscessful
brown trout nests were numerous in both Wilder Creek and
Spring Brook, The searcity of Brook trout redds is atiri.
buted to a scarcity of mature fish in these streanms,

The size of the standing orop of trout and of all other
spsoies did not vary directly with volume of deep water nor
with the degree of shade and cover in the stream sections,
Other faotors exerted greaster and more apparent effects.

Mean summer waler temperature seemed to be insignifia
cant in determining the sigze of the total fish populations,
but did exert sn apparent effect on th» size of the trout
population, Bottom type appeared to limit trout production
in Paint Creek, indirectly by reducing food produetiocn,

and direotly by preventing successful spawning. Chemical
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features of the water, food supply, and ocmpetition appare
ently did not influence significantly the size of the
gtanding orop of trout or of nll fish apecies, The size of
the stending orop of trout eppearsd to be ourtailed by
different factors in each etream,

Only one pre=season planting of brook and brown trout
was recommended in Peint Creek, Limited sress of dense
shrubs should be removsed to provide more aceessible water to
the fishermen, Shallow deflectors in series were rscommended
to expose gravel.

In the Horth Branch of the Baline River, recommendations
included (1) one pre-gesson planting of brown and reinbow
. trouts, (2) aocquiring, fenmoing, and planting with willows a
50«foot strip of land bordering the sireawm, and (3) comstrucs
tion of a lowe-lwad dam to prevent upstream migration of
. nonetrout spscies,

Planting recommendations in Wilder Cresk included a
pre-season stocking of brook wout and rainbow trout with
small monthly plantings of brown trout as required,

Ir Spring Broock, one pre-season end additional small
monthly plantings of brock trout and hrown trout were
recommended. Deflectors were recommended in long shallow

stretohes of strean,
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APFEBDIX I

b IN FOUR
BOUTHERN MICHIGAN STREAS

A LIST OF FISHES ENCOUNTERE



A LIBT OF FIRHES ENCOUNFERED IN POUR
SOUTHERN MICHIGAN S8TREAMSY

Mbutrout.....-a ¢.ﬁnlnc.@1rdtwrim&ﬁ

]

Brmmtrout"....¢s...ﬂmm

Rastern brook trout . « « « o« « ¢ Salvelinus fontinalis

Common white suoker . « . « « « « Ontostomus commersonni
commersonnd

Bugauehr ...-.......Wﬂnmw@m_
Horthern redhorse + « + « » » « « Hoxostoms aureolum

Horthern oreek chub , + « + « o ¢ Semotilus atromeculatus

« Hebropis ceraubus
ehrysoce balus

Coantral commom BRIXSY o « & o

Hornyhond chub . « « o « o o'-.. o Nooomis biguttatus

¥sstern blocknese dess .« . 4 4 o Fhiniehthys abratalus

meisagris
Blmw BINBOW ¢ 4 o ulo . ® MQMGO mtatuﬂ

Central stomeroller . « + » o « o Cmapustors anssalum pullum

Bortharn blaok bullhead o « « ¢ o MW melnd mlﬁﬂ

Gﬁwa pickerel . o &4 + &« s « » » BEox vermiculatus

GOMI.N“W‘ niunnco&m"lm
Brook sticklebnok o o« » o s & ¢ & Buoalia imcumtm

\%m common and solentifio names to apoocisa are those recome
monded in $pecial Fublication No, I of the Awsrican Pisheries
Boclety, 198, insofar as practicable, Names of apecies not
Aieted in this publiontion and all sudbspeoies unames are
esgentislly as in Hubbe end Legler, 1947,
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Bainbow Garzer . « ¢ «

Central Jolumy darter ,

Blackaide darter + 4 »
Iargemouth black bess .
Groen sunfish « ¢ » o »
Blusgill ¢ « ¢ o v« ¢ o
Pumplingesd « + « o+ o

*

*

L 4

*

«

k2

*

[ 2

*

« Poooilichilyz caeruleus

« Bolecscma nigrue nigrum

'« » Badropterus maculatus

o Mioropterus sainoides
. Eg Danis syane silus
o lspomis macroohirus

« Ispemis zibbosus

Book bass ocqooog;caoom‘!leiliuﬂmﬁlm

Bowlpil « v ¢ v » ¢ ¢ 0 2 5 0 » .%Wb&il’di
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A DBSCRIPTION OF ADDITIONAL SELECTED STREAMS

IN SOUTHERF MICHIGAN STUDIED DURING 1949

In nddition to the studies just reported, nine other
southern Miohigen streaws reoeived superficlal investigation
during 1949. Tie results are preserted very briefly in the

following pages,

Paint Creek

Paint Creek, im Cakland Counby, is a comparatively
emall strenm ranging in width from six feet to approximately
forty feet, and in depth from three or four inches to fowr
feet in the deeper pools, It arises in Orion towmmship
(T Ly « R 10E) as the outlet of lake Orion. The strosm
flows in s southeasterly direotion for approximately twelwve
miles and joins the Clinton River at Rochsster. The swa-
romding sountry is generally open pasture and cultivated
land with oceasional stretches of decidugsus trses and shrubs,
In the pest decade, the land bordering the immediate shoree
line hes becom® very peopular as sites for summer homes end
cottages, As & result, there are many small priwvate holdings
sizeable stretohes of stream closed to the public., Howa
ever, this pattern of ownership has resulted in the preserva-
tion of much of the streamside vegetation in limited areas

and les had moderate effect in shading the stream,



Arising as the outflow from Lake Orion, Paint Creek
has two Peatures not gemerally associsted with good troub
waters, First, spring flood levels in the lake usually
mean serious flood demage in the stream, both Lo the watere
course itself and, reportedly, to the fish life contained
therein, Secondly, since the cutflow comes from the surface
of ths lake, which becomes very warm during the suemer,
stream temperatures of 80% to 85°F, are not uncommens Howe
ever, shade and snring seepags in restricted downstream
srens tend to lower water temperatures from 5° to 8°F.
below those recorded immediately downstream from the lake

The stream bottam is composed largsly of fine gravel
with extsnsive stretones of rubble end smaller areas of hard-
pan. Roobed vegetation is common, particularly in the riffles,
The water is alkaline (pH readings renged from 8,3 to 8,6
during 1949} eand hard (150 to 200 pepem. of calcium carbonate).
Samples of the bottom organisms collested in July, 1949,
were very rich generally bub showed great wveriabion in
numbers and volume of invertebrates per square foot,

Samples of the fish faunm in 1949 indicated the pres
sence of 2l spseies with trout very mueh in the mimority in
spite of monthly plantings of legal-gized (7 inohes or more,
total length) fish, “Although maturally reprodused trout
have bheoen reported from Faint Creek, none was taken in the

samples. In view of the comparatively high summer water
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temperatures, Paint Creek appears not to be & good trout
strean. In limited areas near the springs, Paint Creek
will support brown and rainbow trouts. Tlhe followinge

nawed speoies were collected in 1519V

Lamprey axmocoste ¢ « + o o o Iohthymmyzon sp,

Painbow trout o o ¢« o « s ¢ « Balmo mivaneri
' ‘ irivdous

Brown Yot 5 ¢ o« ¢« ¢« » » +» » Salmo trutis

Eastera brook troub + « « « « Salvelinus fontinalis

Common white zuoker « » « «» o Catostomus cemmersonni
oommersonni

Hog suoker 4 ¢ « o o o + o o Hypentelium nigricsns

Horthera redbelly dace . . o Chrosomus eom

Cresk chdb & ¢ s ¢ ¢ 5 ¢ o @ gqmﬁ'-ilus ‘atrmeulaﬁm

Hortlera cosmon shiner . . « Nobtropis ecornutus
fromtalis

Hornyhsad ohud o « « & » « o Hocomia bigubtetus

River chub o ¢ ¢ o « s « « o Nocomis micropogon

Western blacknose dacs . « o Rhiniohthys etratulus
meleacris '
Blackchin shiner .« « + « + « Rotropls heterodon

Central stonsroller . « + = Campostoma anomalum
pullun

Stonsecat ..........eqm‘uoﬂtm

Urass plokerel . ¢ « o s « o ESox vermiculatus

\;ﬁmclatm follows Amsr, Fish. Soc. (1%,8) where given;
otherwise names are from Hubbs and lagler (19L7).



Blackside darter . . . « . o Hadropterus maculatus

Central Joluny darter . , « » Bolecsawa nigrum
. , T

Rﬂinb" M‘r " ¢ o 5 o v @ P@Q@ili@btm oseruleus

Ba.rrod fentail . LI S A

¢ Poociliohthys flabellaris
flabellaris o

largemouth black tags . . « « Nioropterus salscides

Blusglll o ¢ ¢ s s ¢ o o o lspomis merﬂem

Pmpkinmd . .-v s ¢ s 5 0 8 I_Qpalii _ﬁ;be'ui

Book DRSS « ¢« » ¢« ¢« & + +» ¢ o Ambloplites rupesiris

Pomoxis nigro-meculatus

*
*
[
[
L}
»

Hlaok ocrappie . .
Rice Cresk

Rice Cresk is formsd by seversl small tributaries in the
msﬁ-eﬁn‘hml portion of Jackson County. It flows approxi-
netely due west for 15 miles and empties into the Kalamazoo
River et lprshell, Calkewn Couwnty. Throughout mueh of its
sourse, the stream is slowemoving and well shaded by deciduous
trees and shruba, The lower portion of Rice Creek is part of
%he Chaineof-lake County drain, The upstresm reaches form
the Rice Creek Intercounty drain. As a result of early dredg-
ing for reclamation of agrieultural land, the lower seven or
~eight miles are elmost continuous pools and generally oo
deep to wade. rganized aportsmen in Alblon and Barshall
installed stream iwmprovement devices most of which had been

removed by veriaus causes at the time of the study in 1949



Summer water temperature readings ranged from 57° to
65°F, during 1949, However, records in the files of the
Michigen Institute for Fisheries Research show that muoh
higher summer maxiza may occur (81°F, on Jume 30, 1941).
Muoch of the stream bottom is composed of gravel; yet
stretohes of sand and silt sre common, Dense beds of

vegetation observed include Myriophyllum, Potamogeton, R

Rermmmoculus, and Nasturtium ofﬂcimlo. Chemical analysis
on July 11, 1949, indicated that the streem is alkaline
{(pB = 7,7) and hard (278 p.psms of calcium carbonste).

The 15 fish species oollected in Rice Creek dﬁing i9ho
are listed below, Additicnal spocies may have been present
et the time, but not taken since the efficisncy of the elec«
tric shocker used in making the collections was impaired by
‘ the relatively great depthe, White suckers were especially
abundant and appeared to be quite heavily parasitiszed by the
chegtnut lamprey.

Brook, brown, and rainbow trouts have besn planted
oextensively in the stream but bescause of high summer tempera-
tures and slight current, brown trout seem best adapted,
Fishermen have reported catches of very large spssimens of
this epecies in recent years,

Chestnut lamprey o . « + o o Iohthyomyzon castaneus

Rajnbow trout ¢ ¢ ¢ o ¢ » « o Sa.l;no guirdneri irideus

Bromtrnut.'.ns....Snlmtrnth
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 Bastern brook trout o o o « o Salvelinus fontinalia

Common white SUCker s « » » « Gatostomus commsrsoani
aommsT sonad

Hﬁs BUCKSEY &+ « o ¢« v s ¢ o » Hy}?ﬁﬂtﬁli‘m m-ﬁ?-'im

Creek Bhub * 6 0 o ". LI Sematilus atroma‘culatul

Gan*cml‘ comuon shinsr . « « « KNotropis cornutus
ohrysacsphalus

Northern common shiner . . . BHotronis gornutus
ZFrontalis

Gentral stonercller , « « « ¢ Campostome snomelum pullum

{rases pickeresl .+ + ¢« « » » o« Esox vernioulatus

Cextbral mudminne® + » s « » ¢ Umbra liml

Central Johnny darter « « « « Boleosoma nigrum nigzrumn

Sculpim ¥ s B % * 8 ¢ AN O N _G-‘Otﬁ\iﬁ bairdi

Glass Creek

Glass Creek in Barry County, is foramed by the outfiew
of several lakes in the townships of Hope (T 2N ~ R o),
Qrangeville (T 2§ - R 10§) and Rutlend (T 3¥ - R 9W). The
wain branch, from its sourse in Stewart lake, flows northe
eaztward for approximstely five wmiles, then northwestward
for {five miles and joina the Thormapple River, The Glass
Creek system includes another seven miles of fishable tribe
ubaries. Although much of the watercourse is sheded by
deciduous trees, sumwer stream temperatwres ars often high,

Readings on June 27, 199, ranged from 75°F, to E84°F, Suwoh



high temperatures no doubt result largely from the source

of the stream: surface outflow from warm-water lakss. |

“ A 1a:rga pamentago of the stream bottom is composed of

’ mnl and md. The water ia allkaline and herd. During the
| suamer of 1919. ;;;a readings ranged fram 7.8 te 8,0 and total

| alhlinity rangod from 190 o 206 pspsiis of caloium oarbonate,

Brook trout and brom trout have been stoeked im Glass
Cresk va#manyv since 1933 and rainbows annually sinse 1540,
| In viw of the extremely high summer water temporatures and
'.kha‘ oomparativ;ly alow current, it appears that the brown
%rout is best suited for stosking in these waters.

In the sampleg of the 1949 population trout were extramely
rere, The §rosanoo of two native browm trout, 18 and 22
inches in total langth, indicates that this spscies has been
at least pertially successful, and may be well established,
No trout of the curreat hatchery plantings were seen,

The following species were colleoted on June 27, 1949

Common white sucker . « ¢ o ¢« fotostomus commersonni
Sommersonni

Creesk chud 4 ¢ ¢« o s s s s » & Smﬁilul atromagulatus

Westarn blacknoese daos « « « o Rhinichthys atratulus
glug ia

Northern cowmon shiner . . » . Notropis eernutus
; frontalis

Gl‘aﬂs Piak@nl e 8 o @ . e :. ° E‘ﬂx Wmiﬁulatul

Seulpm onopto:.-.ceomﬂbﬂirdi




Silver Creek

Thore are two stresms in Allegan County nmmed Silver
Creek, The oms I studied in 19349 arigses in tﬁo township
of Heath (T 3¥ - R 1) and flows northwest 2-1/2 miles
to juﬁ.n the I4ttle Rabbit River, The country surreﬁiing
$his stream 1s gemtly rolling and quite hesvily woodsd in
2 mixture of hardwoods with oaks predominating, The sandy
-séil is poroua, end clear, coid springs are comﬁn tha
whole length of thﬁ atrenm bed,

Silver Creek iz & small atream, gensrally less than
20 feet wide and less thm two feet desp. It is broken
into many small channele by dense grawths of alders and
equally ﬁonsé mats of water cress. The stream botbom is
soft and bogey and is composed of sand and sili, Fallen
logs, brush, and the remains of stream improvemsmt devices
offer excsllent trout cover. The water is clear and sold,
The maximum temperatiure recorded June 1, 1949, was 62°F,
(aarrospénding air tenparﬁtin'c was G°F, ).

Two dars, looated sbout halfwey between ths source and
the mouth of the stream have ereated two smail ponds, An
adjoining ecempground makres Silver C(resek popular with
figherwen,

Brook trout have been plented in this stream annually
since 1935, whereas, rainbows were stoaked only in 1943 and

19, On June 1, 1949, & carsful cheok with the elsctrie
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shooker in that portion of stresm above the ponds indicated
that only the brook trout have survived snd are reproducing
naturslly, Two other fish species obserwed, the central

sudninnow (Umbra limi) and the sculpin (Cottus bairdi),

appearsd te be ebundant,

Boar Creok

Bezr Creek, from ite gsource in Hesth township
(T 38 « R 1®), flows scutlmrest 6.1/2 miles through heavily
wonded country and joins the Kelamezoo River two miles west
of Punningville, Although its source is very close to that
of Silver Cresk and the ccuatry through which it flows i§
similar, it differs from the stream just desaribed in its
8lightly larger size, its steeper gradient, its lask of
aquatic vegetation, and its stream bottom of gravel and
rubble, It iz slmded by dense growths of alders and deoi-
duous trees and exeellent trout cover is provided by
numerous fellen logs, sbumps, and brush. The water is mode
srately cool and on Jwme 1, 1949, was lighd brown in coleor.
The maximum water temperature reading thet dey was 63°F, The
corregponding air temperature waa 84°F,

Brook itrout have been stooked annually since 19333
brown and reinbow trouts since 1940, As in previous streams
desoribed, only the brown trout has become well established

although one wild brook trout was taken with the electric



shocker, The only rainbows observed were those of current
batchery plantings,
" The stream is used extensively as spawning groumds by

the ses lemprey (Petromyzon marinus)e In addition to the

spscios mentioned, the western blacknose dace (Rhinicht

atratulus melesgris) and soulpin (Cotbus bairdi) were

 obaerved,

Sand Creek

Sand Creek, also in Allegan County, has two branches,
one of which arises in Heath (T 3¥ - R W) end one in Valley
(T 2N « R W), The stream, including its tributarisa, is
. approximately thres miles longs It flows westward through
nixed hardwood forest ocver a sandy soil and Joins the
Kalemaroo River. Sand Creek is fed hy mumerous springs,
particulerly near its source, Water ecress (Necturtium
officinnle) ebounds in these swampy sites, Further downe
stream, however, all aguatic vegstation is lacking, apparently
because of the scouwring sction of the shifting sand bottom.
Throughout most of ita length, the gtream is very shallow and
level and as & resuld, good troubt cover is rether socarce,
The water is cool and probably does not exceed the upper
temperature limits tolerated by trout,

Brook trout were planted in Sand Creek annually from

1936 to 19463 rainbows were stocked in 1943 and 19hhi, A



colleotion trip with the electric shooker on Jume 2, 1949,
resulted in the cepture of only two species. Wild fingerling

brook trout and the soulpin (Cottus bairdi) were espescially

abundant, Only one trout over four inches in length was

observed,

Swan Creek

Swan Creek arises from spring seepage end fram the oute
flow of several lakes in the township of Cheshire (T 1N =
R 1) in Alleganm Counmty., It flowe northward for approxe
inately fourteen miles and empties into the Kslamazoo River
in Valley township (T 2N « R UW). The stream is generally
wall shaded by hardwood forest and excellent cover is pro-
vided .tn the farm of fallen logs, brush, and underout banks,

Midstresm depths renge from about sight inches to more
than five feet in some of the desper pooles. The bottom is
composed largely of grevel with rostrietedbaroas of sand and
s8ilt intermixed, The water is olear, light brown in coler,
and moderately ocole Stresm temperature readings taken
May 31 to Jume 2, 15L9, renged from 62°F, to 65°F. while
corresponding air temperatures renged fram 76°F to 84°F,

A dem at the orossing of highway H.89 forms a lske
about & mile in length. It appears that conditione in the
lake favor the dominance of species gemerally not desired im
trout waters, Several warme-water sppoles were collected in

the stream above th. lake,



210

Browm end rainbow trouts have been stooksd snnuslly
since 1933, whereas brook trout were planted only from
193% to 19%. Of thess salmonide only the brown trout were
taken in sizesble numbers during May 31 to June 2, 1949,

* The presence of several wild fish indiocates that this
species has bscome established, whersas the few rainbow
trout collected were those of current hatchery plantings,
In sddition to those just mentiomed, the following apscies
wers collected in 1949s |

lamprey auwocoetas « o o o » (Hot identified)

Common white suoker o « « « Catostomue cemmersonni
comnersonni

Greslkk chub ¢ ¢ ¢ ¢ o ¢ ¢ ¢« ¢« Semotilus atromaculatus

Western blacknose dace , . « Rhinichthys atratulus
’ neleasris

Central stomsroller . . . o Campostozma snomalum pullum

Cantral mudwinnd? o« « ¢ o o Uﬂbt&.lini

Greon sunfish o+ o o ¢« ¢ o o loponis cyanellus

Saulpin e ¢ s 0 e s s s o o Cottus bairdi

Bast Branch of the Paw Paw River

The East Branch of the Paw Paw River arises as seepage
from numerous springe in the towmships of Texas (T 35 - R 12W)
in Kalama2oo County and Antwerp (T 35 « R 13W) in Van Buren

County. It flows spproximately eight miles northwest, and
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fed by additiomal springs along its course, joins the Weat
Branch of the Paw Paw at liaple Lake in the oity of Paw Paw,.

The soil in this pert of the state is composed largely
of gravel which absorbs muoh of the railnfall snd releases it
later in the form of clear, cold springs., The gently rolle
ing terrain of the region is gquite intensively cultivated
and pastured although wmuch of the land bordering the stream
bed has been left with itz natural wegetation of deciducus
trees and shrube,

Like the surrounding land, the stream bottom is
largply gravel, The frequent and dsep pools are generously
provided with shelter for aquatic life., Summer water temper-
ture is not excessively high as evidenced by a series of
readinge in 1649 which ranged from 56° to 63°F, During the
same period, chemical analyses indicated the water to be
elightly slkaline (pH velues ranged from 7.7 to 8.0) and hard
(192 to 200 p.p.m. oaloium carbonate),

| Brook trout have been planted ammually in this stream
gince 1933, and rsainbow and brown trouts ﬁnnually since 1937
and 1939, respeotlively., Only the brown trout seems to have
become well established in the East Branch, HNumerous paire
of edults of this spscies were observed spawning in November,
1949, and fry and fingerlings were common residents throughe
out the summer. It appears that maturally produced brook and

rainbow trouts are rere, if pregent at all, since none was



observed during the study.
An additional six fish species colleoted in this
stream are listed belows |

lﬁproy moooo‘ba . o I. . o (ot identified)

cmou:whi%u éuckar . s o« o Catostomus cmeraom:l
. : commersonni :

Creek chub o ¢ ¢ » s o » o o Semaotilus atromaculatus

Western blacknoss dace . . . Mio.htm atratulus
meleagris

Grass pickersl . « o « o o o Esax vermioulatus

Seulpin C.l.l.l.l'cott“‘mirdi

Kenzie Creek

Kenzie Creek, inown also as Kenrie, Kinzie, and KeXimsie
Creek, is a comparatively seall stresewm which has its source
in swempy springs in Howard township (T 75 - R 16wW), Cass
Counby., It flows generally northwest for approximately
eight miles and snters the Dommglac River just north of the
eity of Niles. Much of the surrounding coumtry has been
cleared for agricultural purposes but ia recent years a
sizenble portion, near the stresm, at least, has bsen used
ouly as pasture and is gradwlly being covered with decidue
ous shrubs. BEvidense of past dredging in the watercourse
still pereists im the form of high piles of earth on the
bapke. However, the stresm bed iteelf is no longer straight

and level, Deep pools with good shelter of umdercut banks
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and fallen logs are common,.

The stream bottam is composed mainly of gravol although
sone ltroieho. of sand, silt, and rui:bla do ocowr, Rooted
végctatioﬁ is extremely goarce or absent, The maximm water
temperature roéordod during 6 limited series of reedings in
the summer of 1949 wae 63°F.A Air t@ratwa at the same
time was 8B8°F, It is improbable that ﬁha water becomes much
warlm' oven on ﬁry hot days beoguse of the copious supply
of cold spring water that enters the upjer reaches of the
sbrean, |

Bron and rainbow trouts have been stocked ammually
since 1933 and brook trout simce 1942, As in the East
Branoh of the Faw Paw River, it appears thet orly the browm
trout has become successfully sstablished in Kenzie Creek,
Dredging operations in the upstresam areas in the fall of
1949 kept the water muddy and attempts to observe spawning
aotivities failed, TYet the presence of mumerous wild fry,
fingerlings, and adults of this apecles indicates thet
netyral reproduction is successful. The only specimens of
other trout species observed were hetohery fish from cure
rent plantings,.

Additional fish species colleocted during 1949 are as
followass

Iamprey emmocoste . . + « « (Nobt identified)

Common white sucker ... . . Catostomus commersomni
commarsonnd




bruk ehud ‘ e a s v % s 0 s EBeomotilus a-hrm_culum

Western blacknese dacs . . Rhiniohthys atrabulus
‘melsacris

, soul?h.c LR B R I GGWW bairdi
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APPENDIX IIX

NUMBERS AND FREQUENCY OF GCCURRENCE OP BOTTCM
CRGANISMS TN FOUR SOUTHERN NMICHIGAN STREAMS



HUMBERS AND FREQUERCY OF OCCURRIENCE (IF PARENTHESES ) OF ORGANISMS TAKEN IN 110 BOTTOM SAMPLES IN FOUR

SOUTHERE MICHIGAN STREALS

Frequency of occurrence ls expressed as & percentags of the total number of samples taken on the siresm

Horth Branch Sul:’cm River

Paint liver Wilder _Spring Brook
Organism __ Croek Seotion A Sw‘bion B Creek _Seetion A Seotion B
Ho, Percent Ho. rsrcent Ho. Percent No. Percemt No. Peroent Ho. Fercsnt
Turbellaria (Planaris) | , 1 (71) L (18.8)
Annelide (Tubificidae) 17 (5%.3) 17 (27.8) 21 (8.,7) 3 (8.3) 32 (L2.9) %2 (37.5)
¥ollussse : '
Physa g  {20.0) 17 (16.7) Lk (8.T) 3 (12,5) 11 (21,4) L (18,8)
Planorbis 2 (6.7) (8.7)
Pistdium 2 (8.7 3 (B.3) 5 (28.6) 3 (12.5)
 Isopode {Assilus} 5 (16.7) 6 (Le3) 9 (12.5)
Amphipods
Gemmarus 3 (32.3) 1 (7.1) 2 (12.5)
Bysllela 3 (13.3) 3 (11.1) 37 (30.4) 28 (29.2)
Neuroptera ,
Sialis L (6.7) 1 (L3)
Chauliocdes L (7.1) 6 (37.5)
Ephemer optera '
iax:iged:j,g " (5 6) 2 gal.ﬁ) 10 (31.3)
ae a . 21k 23 .
Baetis 1 (6.7) 20 (26.1) % ) (37.3)
Leptophelsbiinae 1 (5.6) 2 (L.3)
Ephemerella L (21.4) 12 (37.5)
Trioorythodea 58 (6101) 22 (30')4) 5 (21-}4) 2 (1205)
Caenis 1 (L.3)
Pssudoocloson 3 (Le3)
Pleooptera
Leustridee L (14.3) 1 (6.3)



AFPENDIX III (CONTINUED)

Paint Horth Branch Saline River Wilder Spring Brook
Organism Cresk ~ Section A _ Seotion B - (Creek “Feotion A _ Seotiom B
“¥Wo, Percent Ho, Percent No, Percemt HNo. Percent Ho, Fercemt No, Percent

Hemoura 97 (20.0)

Paragnetina media 6 (W4.3) 13 (25.0)
Hemiptera (Corixidae) 2 (6s7) 3h4 (3%.3) 26 (8.7)

Coleaptera

Gyrinidae 5  (11.1) 1 (Le3)

Dytiscidae - 6 (13.3) 9 (22.23 12 (h.ng

Dryopidae 2 (13.3) 1 §5-6 37 (3L.8 90 (L1.7) 138 (85.7) 178 (€2.5)
Haliplidse 2 566) 7 (17.4)

Trichoptera

Glossosoma (nigrior) 72 (20.8) LB5 (85.7 385 (56.3)
Chimarra aterrims L (7.1} 6 (12.5)
Prentonius L (&a.L4) 9 (643)
Paychamyia 28 (16.7) 17 (lte3) 1 {7.1) & (18.8)
Polyoentropus 20 (8.7)

Hydropsyche 50 (38.9) 68 (13.,0) 10 (25.0) 15 (b2.9) W (31.3)
Hydropsyohe bifids L (1) 53 (21.7) 5 (16.7) 1 {(7.1) 6 (31.3)
H. slossonae 17 (27.8) 14 (13.0) 3L (33.3) 15 (28.6) 20 (37.5)
H, bstteni 2 (1L.1) 24 (8.7) 9 (20.8)

Cheumatopsyohe W7 (66.7) 106  (30.4) 2 (L.2) 15 (35.7) 15 (L3.8)
Bydroptila 2 (11.1) 1 Eh.})

Pyonopsyche 6 (5.6) 2 8.7) 12 (25.0)

Limnephilus 1 (647)

Athripsodes 1 (6.7)

Oecetis 3 (16.7) 2  (B.7)

Micrasema 2 (14.3) 1 (6.3)
Brachycentrus mumerosus 29 (25.0)

L12



APPENDIX III {COKTINUED)

. Paint North Brench Salins River ¥ilder - Spring Broek _
Organism : : Greek ~~ Sectiom A Soction B Crsek Seotiomn A  Section B

“¥o. Percent No, Percent Na, Percemt No, rercent Ho, Parcent No. Percend

Brachyoentrus smericemus o | K75 (92.9) L30 (50.0)

Helicopaychs 1 (4e3)

Diptera ' : ' v : :
Antoeha | 18 (66.7) L7 (21.7) 37 (&h.3) 105 (93.8)
Erigcera | 1 (27.8) 12 (26.1) 8 (8.3) 9 (28.6) 12 (31.3)
Hoxatoma - 1 (6s7) 5 (22.2) 9 (21.7) 12 (12.5) _ o
Dicranota 5 (6.7) 2 (8.7) 27 (20.8) 19 (L2.9) L2 (68.8)
Tipulu 1 (6&7) ’ '
A¥herix : : ‘ o S 17 (Wh3) 28 (31.3)
Chrysops 3 (13.3) 8 (22.2) 6 (8.7) 6 (20.8)
Tendipedidae 502 (86.7) 38k §88-9) 608 - (82,6) 666 (91.7) 242 (100.0) L2y (B1.3)
S tmul ium 1 (6s7) 6 (167) 6 (L3) L (k3) 6 (12.5)
Syrphus 6 (13.3) : : - _
Hemerodramia 18 (28.6) 17 (3745)
Anthomyiidae . 2 (8.7) :

Hydracharin _ h (13.3) L (22.2) 5 (13.0) 9 (h3) 5 (6.3)

a12

TOTALS o 853 1253 1060 62, 1825
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FOOD CRGAWISHS IN THR STCMACES OF SOUTHERS
MICHIGA¥ STREAM FISHES
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TABLE 1, TOTAL NUMBER OF QRGANISKS 1IN THE STOMACHS OF SEVENTY-FOUR FISH
FROM PAINT CREEK, WASHTENAW COUNTY, MICHIGAN

Frequeney of occurrence (numher of stamschs) showm in parentheses

Fish sgciu and nusher stmchn exaninad

Organism ‘ “Brom Rainbow White  Dlecknose Soulpin
trout trout sucker dace
1L 1n 18 16 15
Annelids (Tubificidae) 1 (1)
Mollusca (Physa) 3 (1) 1 (1)
Crustacea

Asollus 1(1) 2 {2)

Hyallela 3 (2) 1 Q1) 2 (2) 5 (L
Neuroptera (Sialis) 5 (3) 1 (1
Bphemeroptera (mymphs) 7 (3) 6 () 1(1) L (3)

Baetidae 3 {2) 1 (1) 2 (2)
- Leptophlebiinae 1 (1) L (2)

Plecoptera (Wemoura) 17 (6) 8 (L) 1 (1) 2 (2) 7 (3)
Hemipters

Corixidae 8 (3) 1 (1)

Pentatomidae 1 (1) 2 (2)

Coleoptera (larwes) L (3) 1(1) 2 (2) 2 (1) 1 (1)

Dytiseidae 2 (1) 5 (3) '

Dryopidae 2 (2) 1 (1)

Hydrophilidae 2 (2)

Trichoptera (larvas) 6 (L) 1 (1) 8 (5)

Limnephilidae 8 (L) 7 (3)

Lepidostame 1, (5) 3 (2) 2 (1) 1 (1)

Athripsodes 1 (3) 1 (1) 2 (2)

Hydropsyche 2 22) 1 (1) 2 (2) 6 (L)
Diptera (larvee) 9 (L) 1 (1) 16 (6) 1 (1) 1 (1)

Hexatoma 2 (2) 5 (3)

Dioranota 2 (1) 1 (1)

Tendipedidae 28 (9) 22 (6) LB (13) 3(2) 1 (6)

Hemerodronia 1 (1)

Piptera (adulis) 3 (2) 2 (3)
Zygoptera (adult) 1(1)
Hymencptera (Formicidae) 3 (3) 16 (5)
Hydracharina 2 (1) 3 (3)
TOTAIS 134 8l 83 19 17
KINDS 2l 20 12 9 12




TABLE 2, TOTAL NUMBER OF ORGANISMS IN THE STOMACHS OF FORTY.NINE FISH FROM
THE NORTH BRANCH OF THE SBALINE RIVER, WABHTENAW COUNTY, MICHIGAN

Frequency of ocourrence (number of stommchs) shown in parenthsses

Organism

Fish species and number of stomachs exsmined

Brown Rainbow Creek Common rFumpkime Sculpin
trout +trout chub shiner senad
12 10 7 9 L 7

Mollusoa (Physe)
Crustacea

Agellus

Ganwarus

Bynllela
Neuropters (Sialies)
Ephemeroptera (nymphs)

Baetidae

Iaptophlebiinae

Trichorythodes

Caenig

Pseudooloeon
Hemiptere (Corixidae)
Coleoptera (larwame

Gyrinidae

Dytiscidae

Dryopidae

Haliplidae
Colecptera (terrestrial)
Trichoptera (larvae)

Polycentropus

Psychomyia

Eydropsyche

Hydropsyohe slossonae

Chewmatopsyche

Hydroptila

Cecetis
Diptera (larvae)

Antocha

Tipula

Tendipedidae

Simulium

Anthomyiidae-
Diptere (adults)
Hymonoptersa (Formicidse)
HBydracharina

8 (L)
2 (1)
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TABLE 3, TOTAL NUMBER OF ORGANISHS TN THE STOMACES OF FORTY.FIVE PISH FROM
WILDER CREEK, CALHOUN COUNTY, MICHIGAW

Frequenoy of occurrence (mumber of stomaohs) shown in parentheses

Fish speclas end number of stomache examined
Organism Brown trout Ralmbow trout Mudminrnow Seulpin
. 10 11 ik 10

Crustaces
Asellus
Hyallela
Ephemeropters (nymphs)
Baetidae
Bastis
Blasturus
Hemiptera (Corixidae)
Coleoptera (larvao)
Gyrinidae
Dryopidae
Haliplidae
Coleoptera (adults)
Trichoptera (larves)
Glossogsone
Bydropsyche
Hydropsyche slossonae
Ptilostomis
Pyonopsyche
Feophylax
Iimnephilidae
Brachycentrus numerosus
Protoptila
Diptera (larvae)
Eriocere
Tabanidae
Hexatoma
Tendipedidse
Diptere (adults)
Hymenoptera (Formioidae)
Araneae
Bydraoherins

3 (3)
1(1)
L (2)

2 (1)
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TABLE lj, TOTAL NUMBER OF CRGANISMS IN THE STOMACHS OF EIGHTY-THREE FISH
FROM SPRING BROOK, KALAMAZOO COUNTY, MICHIGAN

Frequsncy of occurrence (mumber of stomachs) shown in parentheses.

_Fish specles, nuber stomsche examined

Organian Brook Brown Reinbow White Blackmose GSculpin
trout trout trout sucker dace
11 22 9 10 11 - 20

Ammelida (Tubifiel-
dae) 1 (1)

Mollusos (Physe.) 1 Q) 2(@) 2(2)

Crustacee :
Decapoda , 1 Q1) 1 (1)
Isopods (Asellus) 2 (2) 1(Q) ' 1 (1)
Gammarus - 2 (2) 2 (2) 5 (3)
Hyallela 3 (3) L (3) 6 (2) 7 (3)

Heuroptera (Sialis) 2 (1) 1 (1) 1 (1)

Ephemeroptera
(mymphs ) 72 13(5)22(7) 3 () L (W) 15 (11)
Hexagenis 1(1) 1 (3)

Baetidae 1 Q1) 1Q1) 5(3)
Baetis L (3) 1 (1)
Ephewerella 17 (7) 17 (6) 12 (L) 8 (3)
Caonis 1 (1) 1 (1)

- Ephemercptera
(sdults) 2 (2)

Plecoptera (nymph) 1 (1)

Hemipters
Corixidae 8 (L) 23 (11) 3 (3)

Peantatomidae 1 Q1)
Cerambycidae 3(2) 11 (L) 3 (2)
Bomoptera 0 (1) L (3)
Celeoptera (larvae) 15 (1)
Bytiscidae 5 (3)
Gyrinidae 10 (1) 2 (2) 3 ga) 2 (1) 1 (1)
Haliplidse

Coleoptera (adulds) 19 (4) 11 (5) 13 (u) 1 (1)

Trichopters
(1srvae) 7() 15(9) 8(3) 6(L) 5 (5 26 (13)
Glossosoma 9 (k) 36 Q1)L(2 14(1) 5(3)
Psychomyia 2 (1) 8 (1)

Hydropsyohs - 2(2) 2Q1) 3 (2)
Bydropasyche slos=-

sonae 2 (2) 2 (2) 1 (1)
Cheumatopayohe 1 (1) 2 (1) 1) 5 {3)
Bydroptila 2(2) 1Q)
Pyonopeyche 1(1) 12 (5)
Limpephilus L é,’:) (1)
Lepidostoma 5 (3)



TABLE L4 (OONTINUED)

number stomachs examined

Pish species
ro Prown ﬁ'inbew White

KiNDs

Orgeanism “Blacknose Soulpin
trout trout ¢reut sucker dace ,
11 22 g 10 11 20
Micrasema 1 (8) 2L (11) 17 (6)
Braohycentrus 3 (2)
Braohyeentrus
| smericanus k7 (9) Lo (12) 31 (6) 2 (1) 1) 1{1)
Dipters (larvae) 7(3) 27 (30) 8(2) 2(2) 3 (3)
Antocha 3(2) 1)
Tipuls 7 3(3) @ 22)
Tendipedidae 29 (5) 15 (7) 12 (L) 18 (7) 62 (16)
. Simulima - 2 (2) 1 (1)
Syrphus 1 (1)
Dipters (aduls) 1 (3) 16 (1) 2 ()
Zygoptera (adults) 9 {2)
Hymenoptera (Farmie
 oidae) 53 (7) 16 {(4) A3 (L)
Diplepoda 10 (L) 64 (6) 1 (1)
Hydracharina 7Q) 2(1) 1)
TOTALS 386 ka2 207 1 la 38
30 36 28 i1
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