T
ol

a0




'ﬂw Use of \ eruca! Gill Nets in %tua&ymg hah I)ep&h lhnlrﬂuuwn.
Hufrwmulh Reservoir,

Dosas L Honas!

The Colorade Game.

(O ABSTRACT

‘ﬂtf‘ d‘l‘iilh 5_31‘-!{“)“11“!1 g" four frshes was <
‘ot Hunsetooth Resenvoin, Colorado 11900 o)
Temperstute was 'Il_u' one factar thar exerted.
for the rainihow trowt, kekaned salmon,

©penvral followed the jsotherm- -
changes. Kohance salmsn were
Cand white suchers were

wo~t ahunidant
miost numeraus 1 6h
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An acdurate knowledge of fish depth dis-
tribution and an understanding of influendiog
factors is esseptial to the prediction of the
fish- pmduvin“ capacity of lakes and reseryoins
The prefent study was undertakdn {o dete rmine
depth d:;zslnbu!um patperns, of selected fivh
species insHorpetooth g{‘ rair. Coberade,
“Beasomal ‘and Aeckh 'tit‘;ﬂ},i’zh‘l ribution pat.
terns \wré «tz'fminmf for” tront -
' / k(}imm*e 1 )n

rainbow
'«aimnn

’ cens‘r Lamtzraiu%' SULC kcr ‘(uhmlumu\ uuum’u
“must and brown trout 18almo trutlal were;
also captured but in {oo féw nunmibers h, ‘xwm;
deptb»tiwtnbu!mn patterns, 7.
ﬂurwim»lh Reseryolir is pnnmﬂls a mmfi
é{«)mg{f reservair lovated in the Bastern Sl /p.

foothills of Eolorado nean. Fort & wolliis, \X} en

-fulls the: geservoir has anl. drea of 1890 dores
‘v ‘and- containg 1517506 jc re deet’ of waser, Tt
“18 appr )xi'mat(*i} &'y mtlh tomg, ! Sdyile wide

and* the mammum c!f-mh is l;’;ﬁ f»m, ‘

m.’rﬁmx&s aw Lot IRME .
» stal 08 Mm sﬂm:mi fm‘ ﬁﬁz#y wm

“’ffiuma umcls wtmh pre
1 «wdf*d ﬁm *-;tamm“

aso How kb A

Foch and Paihs Peporiment
Fisheries Research 4,008 Fort Coblins, € ofurddu

hod oy geonidh Ancvrpoted serneal @l nets
Uf - u‘!r.nl tg g nt\l factors mes-uged, water
and white
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as ety cwmneg progossed and
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unabfedted fo temperature
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waters.
was hept approximately’ Wi feet from shore
at a depth of from J0 to 18 feet.

Station 2 was lacated iu the moderate depths
cof the niain bods of the reservoir and was
exposed o wind and wave action, This station
war abwo adjusted s periodically o appross:
matehy 100 feet from the, shore. ‘i{(’[t'
water depth varied from S8 10 2 feet 1n 1960
and- froan 85 to 68 feet 1 I’ihl.n.,,?

C.ostation 30 the deepowater Sfation, was
a;wnnmwmh positioned sear the idd[@‘ of the
reservoir, The water depth aru-ci fgum l(,;(@
Tto L0 feet in 00 uml from 1 5. o T ;ﬁ
. !‘J()l
feet i 1961 represe nts the vertical dravs

/o 'i:mn of the reseryoir dumw ihe\!\ﬁ) ~ilm.!ﬂi’¥$

of studhy " . ‘

Depthy, dMuhuIlMx was determigied by sus-
pending modified | 2l nets from xhw wader
«urf(u o0 the reseiolr h.nmm
have bien deseribed by Wishy, ¢

103517 whe

Cused will nets auwenﬂm‘l yeatically in - ,akf'

Mendota, Wiscongin: Leik 1(19600* drmriimd
lhc use bf stch m;'m Iu sturdy | the vertical.’
“diurnal. and %':ﬁ,’ssmal ¢ %»«dl&h’l’hﬂ””n aof

~trayt in Paryip Lake. (Q‘ium(ii; “Vertical nm&

¢ were gsed by f?iﬂr!:mw (19621, whe mé
the %mal mlgl\alhm of ;wmxmmh «huh e

=

thie.

The ftuctwation of 56 feet in 1960 and’

?fﬁmniar nets -
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Fitepe 1. Diagram of ;.xl Aet set wath 16 vertn at gl nete et betneen buﬂ\m

window shade. Fach net was wound dround:
. a sealed section rinch aluminum irrigsa
‘tion pipe. Fromglthis fleating iube s».hu h
fun(’tmn@é ‘ ler-float. the. net was ‘un:
ved until the lower emld
¢ poir bottom.. The net ve
mained in thislsition, suspended by the
~ float at the surface, and anchored by attach:
men B stationary lateraly buovs fnrmmg. a
gill net screen from the ﬁ*éfﬂulr surfade to
 the bagtomi (Figure 11, ‘

- Thepracgdure for i’mplu)mf?"}ht‘ nets wan .
: ‘W%jhe net. together with ihe float
around which 1 was tightly wf‘*a;spegl was

p d in outrigher supports moupted on the
bobt. Alsminum dxles welded on each end of
the, roller-float
‘vrafile” and alsy sprved as attachmenls. fur the
rallrs to ther nets. f@mad?r bar of le-inch
thin-Watled gluminum conduit with o snapat

weach end was (aswn&d ti the hoyom of lbt‘ net.
. This f:ﬂmdmt secvid hoth der bai'’

. is then wirolled

" pulled thesnet towaris.. i'mm ware xmmbﬁf

é&sidmsm&l si}remw
¢ met at’ %} {’fm’t m

sspended it in this “outrigger- ‘

(o a stationary lateral bun\ and later to ﬁhc
mik’{&» of the other rets in the series. Fish -
reaught in these nets were held at the depth of
capture. The net waﬂhf{m{ by rolting it back
onto the roller-float with the gilled fish re-
moved during rcmmhn" The nets were color
coded on the margins to identifs the dépth of

capture.
A Unet set

T consisted of fri)gu D to 1] nets -

Teap h set in the mannef deseribed above. Sim‘é
each m&'ah s12€ 18 some w hat spee i {0 (?rmm
fish sizes +Andreev, 19550 Peterson. FOS D, -
five different ‘mesh siges were sete The mt’sh

sizes emploved were: M2 P 1o 1] and
PABUN bar mesh Usually . imi nt'M of each
‘mesh size were intorpurated in each net set.
“Fach net was 150 feet lopg and made of
ayion gill netting dyed a forest- gwm «-ulg,g.l-‘
The. top and bottom lines of. the nets Vvtbt{;w
Sinch mamﬂa pope., Netting m terial was,
. tied. pthe t«gaém@zg%mg the 'slasis as &e»
mubmi in the Compereial Fishernh' i et
= which magi}a !kerr:i% 5 100 7 feel mek&, ”s; !

p ! tiyhm ,g@w;d AL .ﬁ:}»f
’Eﬁ
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cans with welded lids# "A-3pound weizht was
fastened inside the Tan on the bottam so thaty
“the baoy would float upright. Rings wee
welded 1o the tw!!mm side. arfd top of lkr’
- ean for. atiachment of the anchor rope. net
:Iulier float. and the m«‘ht light. respectively.
“Hed lighs powered with smgle fashlicht hat-
teries were used for identification of the nets
at uight. E ‘
‘Net sets were mmade weekly at eai’h of the
Eﬁf@e stations, when weather. permitted. After
mh net set was lifted. 4" profile " of water ;
’Mpqragurre was made. Water bamp‘ief- were
3 taken weekh at depths of 5 feet. 15 feet. and
at gvery I5-doot interval theredfipr. All water
Mmples were collected. by emploving. two -
water bottles mounted side by side to function.
. simultaneoush . Plankton was sampled quanti-,
( Latweiy by draining one of the water bottles
th;nu"h 2 mensm plankton net bucket,”
fxt;mi mth Nao 3 silk mesh. '1@;0 second.
" bottle was .used for dissolved’ uxwmgfrﬂ*
mrb«m dioxide. PH. and a}kahm!\ determina-
fions, A m:rkgwch shelf was shuily into the
boat 16 house equipment and to facilitate chem- |
Cieal -analyses in the field. Standard che mical
equipment was used with. the ‘exception that
;}:;aeﬂes wereaeplaced with 30.éc alass by po-
dermic syringes equipped with Ginch needles.
RN - i{f;h o habits were detemum’d by volu-

\‘ ‘mietrie me%guremen(s of the “tomrac ‘h um’ll’nl»
ool fiw g:ﬁ“—nfned fish, P

»I"ﬂf!&ﬂ( AL CHARACTL msm

#

‘ f}f fhf 4}4‘ dissolved ux\z. gen Mmple«e ia!\rn
rée -samples below -+ 'p.p.m.\were e
.vf‘emraiiy. d‘lﬁ fﬁW@&t’ wdiueg; were ,

um‘&‘?!’t

aimi ’hctemgrade oxygen carve
3. This vurve.
0 was mmgmzwi

kf‘

far
’"3“!% d as hu'rm(ul to fishes

Cperatuies averaged 51, 16, and B OFL

) !:m’
Cone u‘nt:ahmm of free carbion dioxide were
wever higher than 2 ppms These values are
'h«i«m 23 pp.m \ahu'h.ls generally reo o
iLagler. 1950).
apd it was concluded - that carbon “dioxide
cone entrations did not mmushmbly “affect the
,(hstni;mmn Uf-fishes. )
“The phf saried from 7.0.9.0 and averaged
£2 8.0 at all stations, Generally, the highest
pH values were observed at the surfam de-
creasing, rapidly with increasing depth to 30
feet. The pH changed very little in waters
below this depth.” Since these values were’
generally  within the expectations
6.5 831 and since fishes tolerate quite rapid
changes inopH tlagler, 19509, fish distribu-
tion was likely not affected by pH-valges.
Birarbonate alkalinity ranged from 29 1o
1 popan. No direct effect ypon fishes ‘could
be determined as values \arwd nnl\ slightly
at diffe n*u! water depths, :

coffynon

- WATER TEMPERATURES: ,
CSurface.p ater ten.;}wmt‘hws varied from 39 7
76 Ko and d\tfl'il)\,!f‘d 0 70 L F. at all 'stations.
The terpe mturvs of the bottom waters varidd
from 13-7. ln,;l‘)()() ‘water temperature
awru;mi.bl. ,1.%, and 157 F. %At Stations k2.
and 3. respectivey snd in 1901, buttum tém-
at these
respective stations. Since data are lacking. |
during the last four weeks in 1961, lempera-
ture averages were \cwmpuwd eliminating - the -
Jdast four mrrkﬁ in 1960 so that these ayverage.

. v&hws lmuwt'n vears fmgfdﬂr be ('omp@rabie

r cinperathres of the Imtmm waters duiitig the
flrsT 12- weeki ih. 1960 averaged 59, 49, md

150 FLfor Stations. ). 2. “and 3, respectively.

l"fww cooler wmpgralurm ini* 1961 pmhabh

frum feus v.aim' drawdown.. '
The T0-degree Jsotherm. when
-mmm\ wuihm 21?1 iwi n§ the wil
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Fmt HE 2~Trm erature isotherms at station 4 o Horeetouth Heservoir, ]%(}‘ and {961
P

B shaded.

isotherms szmk to greater depths as both sum-

. meys pmgve&acd fish which (BPLU?’\ waters of
s 8 ium!ed temperature range would also have

t@ mmﬁ di:eper later in the summer.

e ZOOPLANKTON ANALYSIS

?iémktun was measured volumetrically to
~ determine’ the atandmg erop, fluctuations in
“the standing crop, and the depth distribution

pétiern: Sinee claﬂncerans were the mosi

uent food item dppearing in the’ diet of

study fish, ﬁampi% were also and lyzed for: @

efs in opder
m;ghi betufr hxe
545 ;wmeni and c‘iau
¢ number of 277
d. However, it was

Cladocera . and Cspe da nun
; ”fmh dam&i‘mcm pattern

14l gimﬁm, that eiaciumf
ed g8 food wh;}{: A‘()pﬂ{»)dg-v
B%yiamf: ons, are thm })’

The lhe‘)ﬁlm‘l}nr

copepodls were oo small to be filtered Trom
the water by thv fish. or (34 copepods were
“slrong t*nnu"h munmen to escape being eaten.

lhe “depth- d,mnhumm patierss of claduc-
erans, were considered of ma;ur importance
hecause of their abm}dame in. the diets of the
rainbow trout, kokanee salmon. and yellow
perch. The Jargest numbers of ¢Jadocerans
. were \ium;ﬁd above "the i(}-fno&? level (Figure
31, Numbgrs of Cladocera ‘decreased as the
wiler depth HM.’W ased 1o a depth of 130 feet
and ther again increasgd, T}}w increase at
depths greater than 130°F
sized to_consist-of dead 'plankters that hagd

0wy

b Lumuta\ed in these depths. However, examis; k

nation of fresh samples from 140 to. 185 fﬁ&k

. reyealed that these ¢ ladvgerans were alive,

ezeplangtmn for this corwe,ntm!ifm uf 2oor
Fon is p;mrem

ugm&ﬂrﬁ%%mmmw or Frsu

t cHssolved - oxXygen was t@g" :
as i@ §m~s »rwhwh would Imv fish dig

was fifst ‘hyputhe- .
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quxe 3.~ Depth distribution of cludocerans at
Stations 2 and 3 en Horsetonth He»('nmr 1960 und
261.

Lum entmuuns of carbon dioxide were always
fow, and both alkalinity and pH values were.
&eﬂﬂmthm the range of values usually en-

In addition, thege were no pro-

- ﬁ&;ﬁnﬁemfi
. Houneed changes in these values at different
dgpihs nor did there exist impertant d;{fﬁr-&:

ences as both summers progressed. During *

"2 both summers, no chabge in dept} digtribution

('l&dfacerans was observed. If the explana:
% for the fish. depth-distributipn patterns
Hies within the - group of environmdntal factors
msasure&d water température was the -
ﬁ?@&c‘b exited the greatest influerice. Dendy
(3948 gnd ?m‘geé 119500 (nrrg}la:vd’ fish
distribution with water . temperatures and
thﬂfml stram&s.athn i the presince of an
aé&quiﬁ ugp!) of dissolved oxygen.-

s the sarh of 1960 and 196} pr

a:gmfu‘anti} mcreasged i

d, tu tenw.n within a

(mﬁd do

ﬁw efors, cam:lgmm coeflicients
e of f seagon vergus depthof fish capture

ént!a ﬂﬁz data fmm §m~‘
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41- 4% 4650 \} «
. VN(R oL NE
TTEMPERATURE {° -

f‘u t Kﬁ‘ 4 The percént of r.nnixms frout, Lokanee
saimuh. .mt} white suckers captured in yvanous water
Lempe rateres and in- ihe thermoclipe at Stations 2.

.Hﬁ 3 ﬁn Huywﬁmnh ﬁtwumr, 1960 Jn«i I‘IM '

‘[;
s

x 9% SQEC 6! 6

were ¢‘a|imw;] durrhi" the study period. All -
um’fl ting ms@ﬂ'uwmw\ for time of “eason

e rsus depth ofcapture were significant at the

sEreent cvey as was the pox ded coefficient
tr = 038 p s 0.9 with 303 r)f 1. As each!
sugmmer progressed, the mean depth of the. -
rainbow trout increased as-did-the tsothepms.
Raiubow trout were caplured in waters that *
“raiged in temperature from 1-75° F. How-
ever.‘this species was most epmmonly eaptured
in waters of from 61-70° F. Eightv-two per-
cent of ‘the rambqsw trout captured in 1960
afth-fsperent it l%l were takeh in - this
wmperature range. : thtz rainbov
“frout was c&ptured in watef tmnfmmwr s
from 66-70° F. (Fi Me 41, Most zaptures
of fhis species. were also in the 66-70° F.°
temperdture range at! ‘the shallowey Station’ L
At lhe., deep @&Hiﬁn i ¥ bﬁw trout’ were

m@h the dmmﬁt m;m.»;rc vee r;lhgy t mw
feer %i"rgma:e 5 j




"F\an’l Tkr arerage depth of mpmm in feet jor
!lsh apecies. al eack station on Horsetooth Reser-
voir, 1900 uad 1961 .

7

. ) Station o
Fash spee i AR
. Fotty

Rawhow tront
boksnee sabinon i{\,,n .
“White siliker
\rlhm perch

Aw;u%m for 1960 are computed, vlmummm, ih‘- fast
tour” samphing weeks m September simge umummhlc weeks
were not sanpled 1 B96)

SFew white sukess were captured 1961
! :

rainbow trout takyn at Stations 2 and 3 was
231 feet 1Tablg/1y. The awragt‘@ep(h' of
capture was 3.4 feet and 6.1 feet deeper at

Stations 2 §nd 3 respectively in 1960 than in

l‘)()l Isotherms were also at a greater depthi
v 1960 than in 1961,

ln examining the (ldwf depth (hﬁlnhuunn
of the rainhow trout in relation to the depth
of capture and tempersture, the data from
£ Otation | have heen cousidered the least im-
irtant because of the shallow depth at this
stytion. Rainbow trout at this station were
wralhy taken in shallower depths than those

cen at the deeper stations.

" The average depths-of (aptuw for the ram’
bow trout were generally in the area of maxi-
mum. plankton production. above 30 feet.
This corresponds with the high utilization of

cladocerans and terrestrial insects by the ram-
|3(m trouf. .

OF all the tainbow trout captured, 0.5 per-,

cent were taken within and 52.8 percent were

3 3.8 28
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A okgnee salnton~

One  hundred  nineteen  kokanee &almun
ranging from é: 1o 15.8 mches total le‘n”th
" were Captured during the atud\\ p«vrwd Only
five were captured at the shalfuw Qtatmn 1.
Faidently the kokanee’ salmon in Horsetooth
Reservair ‘were seldom _ip the shallow. bay.
areg. Al correlation coe ficiehts for time of -
" season versus depth o were mmﬁb
# . cant at the 95 percent leveligs was the pmied
we  coefficient ir'= 0.73, p = 01 mi 113 d.f)
"&T}u“ kokanee “satmoly - alsc ﬁww:r
ateas, of the resprvfe a8 ea }a su imme
gm&s&f}"’”ﬂf he kokaned-g

v in datei }fm}mmmm& vnnm&g ¥
3

e




A -
‘ QM:/ x::'rz; Rm uf»u f:pmumrmm m*msa

au bﬁ" /§‘ Fi{t) ftx'iit‘ and

;gvéi) were  taken in

® F.- However. high pér:

%ﬂ& e@wm ia waler tempemturrq

#s much as five degrees colder and five de-
‘pyees (warmer .than this range (Figare- 1)
W this species -usilaii) ou‘upled y.a~

,F %amparaturcs.
?ﬁ&%&}ﬂnt} of the kokanee salm.un waw
above 52 feet at Station 2 and above
Station 3. The deepest captures
made at 35 feet and 94 feet. respectively
re 51, This species, as‘was true with the
baw trout. was captured at greater depths
at the de#:p Station. 3. "The average dépth of
capture for all kokanee salmon_ taken at Sta-
i&m 2 and 3 was 3 38.3 feet (Table 11. The
4 of capture was 2.3 Teet and 6.3
feot deeper at St&tions 2 and 3 respectively in
1960 than in 1961." Isptherms were also at a
~grester depth in 1960 than in 1961
" The manee salxp()n wesk | generally cap-
turéd helow the area of maximum plankton
pradyetion (30 feet) even though food- ha,bi>
studies .indicated almost. excbtl‘sne utilization
of cladécerans. Ap arently the kokanee sal-
- mon. _either fed in/the colder. deeper areas,
even if the cladodran population was com-.
pgr&:xmiy sparse, or they came into the upper
‘waters to {ped wher¢ greater concentrations of
ocerans were present. Examination of
< Figure 5 strongly suggests that the higher
- témpératures effeetively restricted the kokanee
sghmon, to the deeper, less-praductive waters.
, Of all the kokanee salmon captured, 15.0
were within, 36.6 percent were. above.
@mi 17}8 permm were Lﬁkﬁn belnw the. mermu- :
~

3

Evsn tﬁimgh
: ion if ia‘) ﬂf &hm

4151, 1960,

a%gﬁ%ﬁ ‘

B » : oS
st

_areas than in the deeper water. All corgelation
coelficients fur time af seasou versus depth

" of capture wer; s:gmfu‘wu at the 95 pereemt

level as. was the pamlea rifmﬂuient {¥ie L4Y,
p = 021 with 90 d.f.6. Tt may be concluded
that this species also ogcupied water of greater,
depth as each summer_progressed as did the
isutherins. - White suckers were (dplured m
waler temperatures varying from 16-75°
Huueven this species was most cummm:ly
faplured in waters of from 61 70°°F. Eighty-
one percent of the white suckers captured in
1906 and 73 percent in 1961 were taken in
this range. The maode of the surkers was cap-
tured in the five-degree temperalurg range
of 66:-70° F. (Figure” 1. At Station 1. over
68 percent of the white suckers were taken in
water that ranged from 61-70° F.

White suckers were not uncommon at depths
down to 11 and 65 feet af Stations 2 and 3. The
deepest captures gecurred at 52 and 72 feet,
respectively, (Figure 51. The average depth
of capture for all the white ‘suckers except
_those at Station 1 was 30.1 feet. At Station®
.3, the average depth of capture wds nearly 11
feet deeper than &t Sté@ion 2. Apparently ﬁns
species occasionally will.oceupy deep water. "

The average depths of capture at Station
are nof included in the above discussion, bt“
cagse. as prenuuils menuemmi "this w!atmn
was the shallowest of the three. Here 93 «pn{% -
cent of the white su(ke{ﬂ were ‘caught below
123 feet (one-half the atefage station depth)

in 1961, 80 percent were. cayght
below 15.3 feet tone-half the average st lSmn-
depthi . Sixty-eight perfﬂ‘ﬁ of the sudkers
“captured were_within -3 feet of the re jw)u’
_bottom and 85 percent were wiThin 10 feet.
"+ Of all the white suckers eapiured, 61.8 Jper~
venb were within and 37, 6 per{‘mri were ahu\'
the thvrmm‘lme

«

f’ ellow pﬁrcfz

tn!ai of 21, 12‘)«} l, 0w ;mrch rmlg.mz. fro.
%2 s 8.9 inchis tut* i‘mg’th w?rg caiﬂum

durmg the study period. None »f i
tmn m@ﬁjt mmﬁ f'mngmt»fsd {ut’ i ne of seasory

}5 pen ;ml che& nmlwimw 1
ficient (r = V.05, with . 5&&3’
depith of caphir
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Fscl RE 6.~ «Dep!h dxambmmn of vellow perch at Stanon 3 on ”Ut»t'lmrih Hr-«rwn:. l‘!ﬁ{) and 1%1

. mot increase as each summer progressed. w!
dow pereh distribution seemed unrelated to

the vchgngeé in water temperatures that ol

curred. In Lake Mendota, perch {emamed in
the deepest water (up t9/55 feet) with suf-
ficient oxygeh to maijitain life. However,
lafgé numbers_of perch were (“aplured in
waters with only 0-2 p.p.m. dissolved oxygen
“dnd some in waters with o etectable dm
- solved- oxygen (Wishy.. 1*)55t 3 During the
urrent study on ,Horigtooth Reservgir, the
-average depth of gapture for
r@gﬁd from 17.3 10,278 Ject § 1‘ ail sfations
wo summers | Tabld

@mi 3, 7eﬁaw pzpnh_ wefe usially

' du*pfr than 15 feet in 1900 may, act

yelow pe*r(‘h\. vellow perch could. have been captured

. At-Sta< -error may- haye, mnm.bumd ,‘ ‘

n{ perch in akc ’\Ienduta bﬂv.een 15 feet
“and the maximd® depth of. his nets. 55 feel.
However. in Horsetooth Reservoir it is sus-
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