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PART |

Highlights of the Bear Lake Fishery

The Lake

History and Description

EAR Lake is an old lake. The lake

hasin was formed during the growth
of the -mrrnuml:in_L:l‘ monntains; sinee that
time, a lake has been prisent whenever
the climate has been webs enongh, bt
it hns pmh:nhl_\' nrmplvtrl_\' dried up dur-
ing very dry periods.

Tha present lake E]ﬂﬂ:'.i!]‘}' WS I ex-
istencet at least as long ago as the last
glaciers when Lakes Bonneville and La-
hontan filled much of the Great Basin.
At that time Bear Lake filled the entire
valley, which is about 50 miles long by
8 to 12 miles wide, The lake was deeper
then, and traces of the old shorelines
still can be seen. The present lake oco-

s :]||]:|' the southern end of the r.Ll]q-:,'_
It is just less than 20 miles long and 4
to, 8 miles wide, As the lnke became
smaller, a |:|r5_;v marsh formed at s
northern end. Wind and waves gradually
bailt up @ pnatural dike, or beach bar,
separating the like from the marsh. This
beach bar now forms the northem shore
of the lake, Similar beach bars can be
seen at the south end and at other lo-
cations around the shore,

When the lake filled the entire valley,
the Bear River Howed fnto it As the lake
became smaller the lake and river sepa-
rated and for o Jong time before man's
interference the Bear River flowed into
and out of the north end of the valley
without entering Bear Lake. During that
time,: Bear Lake was dependent on the
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flow of the small streams on the local
watershed. In the present climate about
four-fifths of this How is required merely
(] J'L'1:|:l£'!? ovaparation. During dry pe-
risnds evaporation probably exceeded the
inflow; the lake became smaller than it
is mow, with no water Howing out.

}11.‘-1 aiter 18900 Telluride Power Com-
pany begin constructon of dams and
canals to divert the Bear River into Bear
Lake. In 1912 the Utah Power and Light
Company succeeded the Tellurde Com-
pany and completed constriction of the
present canal system. At present water
fromm Bear River is diverted into Bear
Lake when not needed downstream, and
later is retumed to the river by pump-
img it out of the lnke when more water
is needed downstream. It is possible to

lower the lake 21 feet h:.' J:||1||||Ii|:|g. Bt
fluctuation in any one year is 1|:~;|1.-g]|_'..-
only 3 to 4 fect.

Bear Lake is deepest along the east
side, The greatest depth found during
this stmi:r is 208 feet below the present
high water level. The lake gradually
shallows toward the west shore, but
more thian hall the lake is l:tl‘l"I'H.‘I than
100 feet,

The and  south
shores are sandy beaches. Much of the
rest of the shoreline is rocky. The rocks
do not extend very Ffar fnto the water
except off the larger deltas and points;
a r]ﬁrp in water level of 10 Feet wonld
expose most of them. Beyvond the rocks,

north, northwest,

the bottom is sand to a depth of about

&

25 feet. From 25 to 75 feet, the sand




is gradually replaced by silt and marl,
anel below 75 feet the bottom is o fine
gray silt marl.

Many snail shells and small clam
shells lie on the shores, particularly
along the north and northwest, and in
the bottom material of the northern part
of the lake. Neither these snails nor
elams are found alive in the lake today.
They were probably most numerous
when the lake was at its higher levels;
they are believed 1o have been killed off
when the lake became smaller than its
present size during a dry period about
5,000 years ago,

Usually the lake is quite clear except
when muddy water from Bear River is
entering at the north end, and when
waves have stirred up the bottom mate-
rals alfter a storm. Its charncteristic blue-
green color is caused by the large
amounts of carbonates in the water,

By late summer the surface water
usually warms up to about TO°F. This
wirm layer extends down about 30 to
50 feet; below that the water cools
r|1|1:1:||1.' and the water below 150 feet is
usually never warmer than 42°F, In
winter, if it does not frecee, the entire
lake may cool to 35.5°F. The lake usual-
ly freezes over (about 4 years out of 5
wccording to Utah Power and Light
Company records). A complete ice cover
usually comes in late Junoary or early
Febroary, and breaks up in April.

Plant Life

Only a few plants grow in Bear Lake,

A few patches of cattail and bulrush
grow along the northwest shore, and bul-
rush is fairly common along the west
shore. Beds of pondweed are Fairly
abundant in water 5 to 25 feet deep
along the northwest shore, but only an
oecasionnl  bed appeirs Jﬂnng the east

shawre,

Fig. 1. Stormy wosther makes e difficull beth for
plants and asimals cleas Lo shore.

The swamp north of the lake has good
growths of both these plants and several
others. Earlier investigntors had  sup-
gested that too much zine in the water
of Bear Lake had prevented the growih
of plants, Results of tests made during
this study have shown that there is not
at present enough zine in the water to
reduce the plant growth. Lack of shelter
from the waves and the ﬂuetu.nljng water
level appear to be major factors present-
ly limiting growth of rooted agquatic
plants (g 1).

In addition to the larger plants, algae
of several kinds grow under the water
on the rocks, plant stems, and other ob-
jects wherever light can reach them.
Also many small nlgw float in the open
water. They are present in tremendous
numbers—sometimes more than a million
in a quart of water<bul are so small
that they can be seen only under a
microscope. These small cells, called phy-
toplankion, probably contrilute  more
plant food than all the other plants com-
bined (fig. 2). Bear Lake is many times
less productive of plant food than some
other witers in the n:g'[cln ﬂ‘mt rlmdur,'u
much excellent fshing; such as Henry's,
Fish, and Fungmh_ll Lakes. In these
lakes plant beds are large and numerous,
and  phytoplankton are often abundint
enough to make the water appear green

=
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and murky, They also are much smaller
and shallower than Bear Lake. Com-
pared 1o other large deep lakes such as
Priest Lake and Lake Pend Oreille, Rear
Lake iz not extremely unproductive.

Animal Life

The submerged rocky areas along
shore and the plant beds contuin guite
u few sends (sometimes called shrimp
or side-swimmers), There are also some
nguatic insect nymphs (mayllies, dragon
Hlies, damselflies) and quite a few midge
larvae  {(small, bright red). When the
witler Is high and good cover s avail-
able these forms are quile numerous;
as the water goes down and the rocks
anil plants are exposed theie nombers
decrease, and when the lake reaches 10

feet below the maximum level only o
few are found in the isolated patches
of eiwver.

The sand areas have little life, except
in the few plam beds growing there,
In water 25 to 70 feet deep, where the
sandd hos silt and marl mixed with i,
midge larvae, agquatic worms, and nu-
merons ostracods (4 small erustacean)
aree found, Below about 70 feel, in the
suft mar] bottom, the aquatic worms be-
come misl nuEmeErons; ThE l:lﬂ-th'lﬁ'ﬂ.'lﬂ- are
[uirly abundant, but few midge larvae
are found (g 3).

In addition two these bottom living
forms, several kinds of small crustaceans
and rotifers are found in the open water
(the zooplankton) where they live on
small plants,
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One fish, the ciseo, feeds on the zoo-
plankton in the open water. Most of the
plankton, hoth plant and animal, die and
sink to the bottom where they provide
food For the worms, ostracods, and midge
larvae. These o tum provide food [for
the fish. Most of the fish food in Bear
Lake is produced in the open water or
on the bottom fn deep water.

The Life History and
Abundance of Fish

The two most numerons fsh in Bear
Lake are the Bonneville cisco and the
ﬂ'lﬂpi!l (bullhead), but no one knows
coertainly which of these is more abun-
dant. Collectively these two small fish
probably comprise about half the fish
in Bear Lake. They have one interesting
difference:  the rl'c{'].:r

ClECO moves

Fig. 4. The relative sbundsnce of wvarlous fish was
defermined by gill mettiag.

throughout the lake at all depths (actu-
ally, relatively few of them are near the
bottom, unless they find an area where
both the temperature and the food suit
them): the sculpin, conversely, is always

on or near the bottom.
Next in abundance are the Utah suck-
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er and three other species of whitefish,
The Utah sucker is not a8 numerons as
either the cisco or the sculpin (possi-
bly 20 percent), but it contributes
total poundage greater than that of
either of these two fsh. Collectively, the
three other members of the whitefish
I'uln:i[:l.' in Bear Lake (Bear Lake white-
fish, Bonneville whitefish, and mountuin
whitefish) wre next in abundance. It is
brelieved that the Bonneville whitefish is
the most abundant of these three white-
fish. Next in order of numerical impor-
tance are the Utah chub and the CArp,
which probably total 4 and 3 percent,
repectively, of the total. To the casual
shore' observer, the carp appears consid-
erably more important than it actually is.
This is because it h.il:i'm:l]l:r swims at or

Fig. 5. Cotaway view &l o gill mel el vndor the ice.
distance i1 coversd af which lime the mel in pulled from the first helo o the lagl

near the surface, wually within sight of
shore; however, earp do  occasionally
move out a mile or more from shore
(g 4).

The three important and sought after
trout are the lake tront (mackinaw], the
cutthroat trout (native), and the min-
bow trout. All together, these three fish
probably do not represent more than 3
percent of the total fish population.

Yellow perch, green sunfish, Carring-
ton's dace, and the small fn redside
shiner are present, but in small numbers,

In summer, most of the fish are widely
scattercd throughout the lake, and rela-
tively few of them are close to shore
The rainbow trout stays neaver to shore
than either the cutthroat or the lake
trout. Generally the cotthroat trout stays

A lime iz passed from mole io hale umtll the mecessary
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in witer 75 [eet deep or less in summer,
The lake trout is more active in summer
than in winter, and generally is at depths
between 50 and 100 fect and near the
bottom (fg. 5). The two bsh that live
in the same general habitat as the lake
trout are the Bomnneville whitefish and
the seulpin, The Bear Lake whitefish, (o
a lesser degree, is also associnted with
the lake trout :11|l:i1t|_1 summrmer it e,
The t'iﬁ-l‘lll!i- summer movement is L
ently governed by temperatore, bt dur-
ing the spawning season (late Decem-
ber and ]ill11|i|1‘_'|'] the eisco stuys much
closer to shore and to the bottom than
during the rest of the year. The CAFpH
nd the yellow perch apparently prefer
shallow water; bath of them move about
L-mu.itl:lrnhly more in summer than {6
winter, 'l'lu':,' are most abundant pear
shore, and the carp is frequently near
the surfuce on wuarm :Iu‘vs. The Utah
chub stavs near shire, 1|s1u|||}' in water
bess thun 25 feet deep during the sum-

mer months: in winter iU may move into
decper water, The Utah sucker is more
active in the summer than during the
riest of  the . Lt . .
throughout the lake at all times—even
inta the deepest water,

Trout less than 100 fnebes long ap-
parcntly huve a dificult ime foding suf-
ficient Lood. I_Hrg:*r fromat are gt'm'mﬂ_\
i good condition  presumalily  beciuse
they are uble to Feed on I'.rm;;u fish.

,-;qii}.m-nl]}' very Tew of the lake trou
spawned in tha kike mature and reach
the creel, Most of the spawning i in the

VST, it moves freely

area between north and south Eden on
the east side af the lake. In this area,
the bottom is rock and rubble, but most
of the rocks are covered by a layer of
silt, This silt iy siiffocate Iy of the
eggs and leave others exposed to preda-
tiom, since the lake trout does not build
a redd, or nest, such as the rainkow
tronl dloes, Cutthroat and rainbow  troat

spawni in the three largest tribotaries to



Bear Lake. Of these three, St Charles
Creek is the best, [ollowed '|11.r Swan
Creek and Spring Creek. Just how much
natural reproduction supports the fishery
wits notl estublished, but evidence indi-
cated that rainbow trout rt:prnl:lnrl:im iz
low. Possibly o few more  naturally
spavwned cutthroat trout ceach the creel,

It is believed that the rainbow trout
grows fastest and survives best when the
lake level is at or near maximum  aned
fluctuates least. This condition does not
often oecur; actually o fuctuating level
somewhiat below moaximum is normal.

Suggestions on How, Where,
and When to Fish

Biologists are really asking for trouble
Whn‘“ ”“\'}' II'IlIkl.' TL"L‘H“IIII.'II[IIIH"H! illllll.ll
how o Asherman's creel may be better
fillecl. So let us state our case clearly at
the beginming of this discussion: herein
we are reporting only trends in fisher-
MG SUCCess -ml_'gl.litl-d In. data eollected
during three vears of creel censusing,
Part of the study reported in this bulletin
reviesils the reason for the trlnt‘h.'d} poor
catch by some fshermen on Bear Lake;
therefore, it is considered important that
the practices of more successful fisher-
men be made known o those who in-
tend to spend much time fishing Bear
Lake,

Time of yeur and location on the lake

seemn to have important bearing on num-
bers and kinds of fish creeled. For exam.
ple, more than 80 percent of the cut-
throat trout have been taken by trolling
with a lure near the bottom, or by fish-
ing from the southeast shore with a
spoan type lore in late April or May.
The number of entthroat taken from
,-ihm':: at other times or Flum ilus been
low. A study of distribution of eutthroat,
made with gill nets, indicates that this
species is Tound offshore during most of
the year but cutthroat are seldom ou-
merous ab  depths exceeding 75 feet,
Often the cutthroat is just bevond cast-
ing distance from the shore, Fishermen
who hoave used bait (usunlly worms)
have caught few cutthroat,

Catching lake trout is primarily o re-
ward For long hours of trolling in moder-
ately deep water, using lead core line
or o guite heavy sinker. The lTake trou
in Bewr Lake have not been taken by
casting from shore except during brief
periods n late spring and early fall.
From the end of November until late
in May this fish is seldom caught. Prob-
nhhf t}u best time of ver to troll for
lake trout is late summer and early fall.
The best location is open to question,
bt gill met catehes indicate o Fair papu-
lation along both the east and  west
shores of the lake. Although lake trout
are sometimes  Tound in deep  water,
their greatest population densities
seemed to be at depths between 50 and
100 feet. The successful fishermen who
were willing to give out “trade secrets”
were unanimaos in the opinion that any
trolled lure must be very close to the
bottom to be effective for lake trout.
Old timers also advised ecaution when
venturing far from shore in potentially
stormy weather (Hg. 8),

Rainbow trout are most often taken
by shore fishermen who are content to

12—




sonk @ “gob of worms.” Laures, trolled or
easl, catch relatively few rainbow trout,
thoupgh wet Hies are VETY effective ot
"'mn..- during the summer. The time of
vear when the rate of success for this
;.11|-q-|.;--. is highest wsually thiat
time when a plant of lepal-size rninlbow

Follonws

trout has been made. Few rninbow troat
remain fnom one season o thie mext.
The Bonneville whitefish s caught
chiefly between the last week in Novem-
bier and the end of December, The large
individuals, weighing from two to four
|\|.l|.|||-||'|, are maost Erl'q1lt'1|t|.jl. 1-'-I|.I‘!.!|I! iluir-
img the frst half of December. Although
" -Ir'\'L' Bonneville whitelish are  taken
with flies and spoons, moere than 95 per-

Flg. &

cent are caught ||_1.' still iiﬁhlll.g with
worms. The other whitefishes in
Lake are not taken. loe i'il.hi:llg. wis not
i 1_"_-:||:||:| |‘|H|1II:I1'L'I of whitelish in 1955
IIII'“' _'pl'"“‘l‘l' [R'rl'll |’r| ||:||.I|.'l'_‘l H I illll'l

Bear

mittemt fishery, It apprears o be caunght
in preat mumbers in the fall and winter
following a large spring inflow  from
Bear River, but this theory has not been
conclusively proved. Fishing for perch
in October 1952 was pf'ur. nl.:-lm':l.ll]_'-' S
eessful near the pumping station at the
north end of the lake, During that maonth
anil |.|Il|:i||.::_5 thie I:'Il:'ﬂlillL: winter  and
spring, great numbers of yellow perch
were cought. The contrastingly poor fish-
ery for yellow perch in 1834 and 1955

Tredling, alihsugh eifeciive, wis, ot limes, 2 il hard on flabormen,
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1955

MARKED
RAINBOW
TROUT

BONMEVILLE
WHITEFISH

LAKE TROUT
UNMARKED RAINEOW TROUT
YELLOW PERGH o ——
1954
BONNEVILLE
WHITEFISH
LAKE TROUT

UNMARKED RAINBOW TROUT
YELLOW PERCH

MARKED RAINBEOW TROUT
CUTTHROAT TROUT
LAKE TROUWT

Fig. 7. Species compesition of Bear Lake Fxhery,
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has been attributed to small inflows dur
ing tluisie pr:'n'tlm[_. years. The effect
of the inflows is 1:n|5||l|||'. to wash great
mumbers of perch from Mud Lake into
Bear Lake. Yellow perch were rarely
tuken, either by hook and line or by
experimental gill net, more than a few
miles from the two inlets. The size ol
viellow |:|-L'n:i| in Bear Lake makes them
a desirable fish, but in many lakes, where
they are stunted, they are considered
trash fish. Still ﬁn]til:g with worms or
pieces of Hsh takes most of the yellow
lqu.-h.

No other game fish was seen in the
creels til'!]'lill:‘ the Fact that numbers of
several other species were stocked in the
1630°s. Large numbers of non-game fish
sivch s carp, sucker, and Utah chub are
taken; but since most of these are dis-
carded it is [[II]'I[I"H-”J]I. o gel an acct-

rate estimate of their numbers. Worms
seemn to be the best bait for pon-game

species, but it was obvions that many of
these fsh were ||||1.|..'j||i1||_:| vietims of o
smag hook that caught them in parts of
the anatomy other than the mouth,
Shore fishermien u!iin_l; spinming tackle
cought about 15 percent more game fish
in a given period than those who wsed
other types of gear, The advantage was
much greater when only cutthroat trout
and lnke trout are considered. For thess
species, spinning tackle in the hands of
tinkes  about
many fish in a given period as any other
type of tackle, Boat fishermen using req-
ular trolling reels and lead lines took
many more fish than those who at-
tempted to troll with other types of gear,

shiore  [shermen bwice as

The Creel Census

The estimoted number of shermen at
Bear Lake has declined from 12,000 in

B e - - T — =
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1953 to 9,000 in 1955, The cause of this
decline can only be speculated on; hiowe-
ever, it is believed that it was in part the
q_-umplu-h- I.iili;JFII'IL'.'LI.I.IZII,'\t' of the y:'”lm
pereh, and a decrease in the number of
rainbow trout {'.lughl! (hg 7).

About TO percent of the persons who
fish Bear Lake are from Cache, Weber,
amd Rich Counties in Utah: most of the
remadning 30 percent are from  Bear
Lake County, Iitho, An economic sur-
vey  indicates  an hishermuan
spends 59,13 a day, which is chiefly for
Iisthiug pear, boots, hoats, trailers, and
camping gear. Relatively little of this
money s spent Itu'u"}'. The total esti-
mated amount of money speni by Bear
Lake fishermen in 1953 was 5108000
or 51.50 et sutface daere. This may b
compared with the $82.00 per surface

it L
Ll'nl[-l:ﬂt

16

acre on Navajo Lake and $283.00 por
surface acre on Panguitch Lake, Fisher-
men made catches of game fish ot the
rite of .33, .26, and .18 fish per hous
in 1933, 1954, amd 1955, respectively.
Druring the appropriute seasons whitehsh
und vellow perch were cought at the
rate of about % fish per hour, the highes
rate of success for any fish. The next
best cateh rate was that for rainbow and
cutthroat trout, Lake troul, the Bardest
fish to catch, required an average of 33
hours’ effort for cach fsh,

I"rt:l}.‘ilrl_\' the most {i:i:c.'||'1|'mi||.li:|_y‘ sin-
ghe feature of Bear Lake fishing is the
low return of |1|u1Ltl.':l roin ko, Uul}'
about one out of every 20 fish planted
during the period covered by this study
was returned to the ereel, and the high-
est return for any plant was about one



il ol ovoery “'l.'l:" sl |;|.'.I.I'1||!Iﬂ'|.l.' Il_"lib. ﬂu|:||
10 inches long .I.I'Inl‘.l.'l"‘llll],.‘ sulfer n }iig]|
mortality in Bear Lake within a month
or two, These fish may either starve or
be caught by bigger fsh within a few
weeks after they are planted. Fish larger
than 10 inches, on the other hand, are
ahle to fend for themselves and are the
mast economical to plant even though
they cost more per fish.  Actually the
rainbow catch is oo more :!i.'::.ﬂuragiug
than the cutthroat catch, which is esti-
mated at about 1200 fish per year over
the prriutl from 1951 I:hmugll 1955,
This small cateh resulted from the lim-
ited natural spawning plus the stocking
of more than 2,000,000 cutthroat troot
ranging from fry to legal size during
this same 10-year period. It appears that

—

thie cutthroat trout 1"”-"“'“1:. program,
like that of the rainbow, does not result
in @ |urgl‘: return to the creel,

The majority of lake trout caught are
at least 24 inches Il.:ng_ There is no ues-
tion that many Hshermen continue to re-
tum to Bear Lake for the chance of
i.‘:lh.‘lll'ni.’, one of these !.Lr;_'_r amil lu'gmy
prized fish. The culthroat trout is the
texk |:Lrg-.'eil hsh taken, Many of them
exceed 18 inches, and some are consider-
ably larger. The Bonneville whitefish is
the next largest fish in the ereel, often
reaching 16 inches: it is followed by the
vellow perch, which frequently may ex-
ceved 12 inches,

A tabulation of the kinds of fsh
caught and the frequency in the creel
is presented in fgure 7.

ﬁrﬂ Ijﬂ!lli
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PART 1l

History and Previous Studies
of the Bear Lake Fishery

History
BI':.-".H Lake is P{:[mlu.r with fishermen

in northerm Utali and southern 1dabo
for several reasons. First, it is the only
].lltgt' lake within a 100-mile radius that
is open to fishing in winter, when most
other areas are closed. Second, the large
luke trout and cutthroat troot  taken
from Bear Lake are IILIITIIiI'.\i wiell worth
going after. Moreover, in summer Bear
Lake is a beautiful place to water ski,
boat, and swim, as well as fish. The
vastly increased number of fishermen in
recont years stimuolated a renewal of in-
terest in Bear Lake fishery vesearch by
both the Utah and Idaho Fish and Game
J}l."pilrllm:nts | 1ry the Wildlife Mun-

agement Department ot Ultah State Ag-
ricultural College.

During the first quarter of the twen-
tieth century, i f.url} silstantial COIm-
mereial fishery operated on Bear Lake,
At first, fish were caught by set lines,
seines, and large mesh gill nets. When
Louis Peterson, a Asherman from Swe-
den, moved to Bear Loke he initinted
more  effective methods  of  eatching
smaller fish (particularly the cisco, a
small whitefish) with small mesh il
nets in both summer and winter,

Previously, only gill nets made in the
United States had been used to tuke
Bear Lake fish, The mesh of these nets
wis oo large to caplure cisco, Mr, Peter-
son obtained nets of o smaller mesh size
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from his native country amel rﬂm:l:i.vc'l}'
fished the cisco (Perry 1943). Commer-
cial fishermen harvested large munbers
of suckers during their spawning runs
in the spring. They took many eutthroat
trout and sold them in markets as Far
awity as the state of Washington, After
the advent of Peterson's methods, the
Bonneville cisco became an important
item both as bait for the trout fishery
and as fish for human consumption.

Legislative action by Utah and Idaho
in the early 1920°% terminated this com-
mercial Hshing, For many years there-
after, sport fishing was confined to the
general open season for trout, which was
from early summer to early Fall. In
1852, the lake was opened o vear round
fishing,

Previous Research Projects

Several scientific groups have investi-
gated the Bear Lake fishery, The earliest,
a short survey made in 1912 by George
Kemmerer, ] F. Bovard, and W, R
Bodrmman, wias part of u 11ru|iminnr_|,.r £X-
amination of the western trout waters
by early ichthyologists. Those men re-
ImﬂﬁI |nrg|: mimbers of '|::!1rn1na|: Eromal
(Salme  virginalis)!  and  Williamson’s
whitelish (Coregonus willlamsont) from
Bear Lake {(Kemmerer, Bovard, and
Boorman 1923), The bluencse is un-
doubtedly the fish that was later de-
seribed as the Utah cotthroat trout, and
i at present Ielieved, h:.-' us, to be ex-
tinct. Kemmerer et al. also reported that
the bluenose could be taken only with
tII'.EHL'I]".J" hy spaort ﬁ!l‘ll"‘nnl."ll;, that most
catehes came from nets or set lines, It
is our belief that the so-called William-
som's whitehish, now known as the moii-
tain whitefish, is rare in Bear Lake. The
Few that do appear drilt in from HBear
River.

We believe this sl wus Salmo elarki atah.

In 1915, I (35 Snjr{!nr_ assisted II.""
Carl L. Hubbs, mude collections in Bear
Lake and recognized three new species
of whitefish which Soyder later de-
seribed  (1919): the Bonneville white-
fish, the Bear Lake whitefish, ancd the
peaknose cisco,

In September 1830, Tonner (1936)
made gill net collections of cisco in
Hear Lake. He examined 30 stomachs
el wted more than 85 percent of
the food consisted of Dﬁupi‘umru.

In 1833, A. S. Hozeard made a bricf
fishery investigation of Bear Lake.

Im 1938, Stillman 'm'l"l'ight af the U, §
Burcau of Fisheries and L. Edward Per-
ry. who was collecting data on the Bon-
neville cisco as part of his doctoral re
search, began study of Bear Lake. In
1939, this investigation developed into
an extensive study when the Fish and
Game Departments of both Utah and
Idoho added  their  cooperation.  This
study continoed until 1841, In the fall
of 1951, the Wildlife Mmmgwmml e
pariment at the Utah State Agricultural
College initinted a limited program of
research on lish life hlislun anecl |H1In|'|5.|-
tions in Bear Lake. A Dingell- -Johnson
project submilted by the Utah Fish and
Game Department was approved by the
U. 5. Fish and Wildlife Scrvice on July
6, 1951, This was the first D-] project
in the United States, One of the job out-
lines covered the Bear Lake research,
Actual field work began September 1,
1951, In 1953, the Idaho Fish and Game
Department joined the research under
their federal aid program.

The federal aid field program was
terminated December 31, 1955, A study
of the bottom founa continued through
part of 1956, It is hoped that future re-
search may be conducted on the phyto-
plankton and zooplankton  populations
and Pnpuln.timl :'Iyn-.unjm of the smaller
fish of Bear Lake.
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Limnology of Bear Lake

History and Description

EAR Lake oceupies the southern end

of a high mountain valley that was
formed by uplifting and faulting during
the HI'EI'A.\'”I af the .'|'ILI'I1I1LIII.[I'II!,]" TN
tnins. At one time, the lake filled this
entire valley, which is 50 miles long by
8 to 12 miles wide, Traces of old shore-
lines are visible about 11, 22, and 83
feet above the present maximum lake
elevation. These higher stages prob-
ably occurred at the same time Lakes
Bonneville and Lahontan were at their
maximum in the CGreat Basin ( Mansfield
1887).

The present lake is oval-almost ree-
tangular in shape—just less than 20 miles

]l.l!II_L: and from 4 to 8§ miles wide; its
lemgthiwise axis lies almost directly north
and south. The porth and sﬂltlh- shores
ol the lake are formed by large natural
beach bars. The bar ot the north end
separates Bear Lake from Diu“]n
Swamp, the open water portion of which
is called Mud Lake (fig. 8).

e".lt:lllg muost of the cast shore a steep
mountain face formed by a fault running
]’:I:irllul‘l. ta the lake rises almost from the
wiater's edge. The western shore rises
more  gradually through foothills to o
high ridge, the highest paint of which is
Swan Peak (elevation 9114 ft.). Swan
Peak is due west from the approximate
center of the lake,

The bottom topography of Bear Lake




is extremely regular, and it reflects the
shore characteristics. The lake is deepest
along the east shore and gradually shal-
lows toward the west. The greatest
depth measured during the study was
208 feet; this was at a point about a
fourth mile off the cast shore and just
north of South Eden delta.

When Full, the lake has o surface arca
of just less than 110 square miles. The
A8-mile shoreline s regular and has no
major coves or bays.

Physical Characteristics
Water Supply

The watershed druining directly into
Bear Lake covers only about 230 square
miles, and containg just three tributary
streams of any consequence: the south

.
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fork of St. Charles Creek, Swan Creek,
and Spring Creek. Their combined maxi-
mum flow is less than 200 c.fs. (cubic
feet per second). Swan Creek heads in
a large spring a mile from the lake, and
Spring Creck is formed by the conflu-
ence of several smaller streams a short
distance from the lake. Only St Charles
Creek comes from a long well developed
canyon; it extends 12 to 15 miles back
from the lake, but it divides just outside
the canyon mouth o that approximately
two-thirds of the low goes through the
north fork into Dingle Swamp  rather
than into Bear Lake,

Fish Haven Creek, North Eden Creek,
Fullula Springs. amd Indian Creeck are
small  permanent  streams.  Their  com-
bined maximum How is less than 25 e.fs.
Numerous seeps and springs ocour along

[
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Fig. & A nalural beach pas separsbes ihe nerth wnd of Boar Lake (left] from Mud Lake snd Dingle Swamg.
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the wist shore and some along the north-
east shore of the lake. Their flow is dif-
ficult to measure, but they appear o
contribute a significant percentage of the
total local inflow.

The flow of all streams named above
is largely diverted for irrigation. In the
summer the smaller crecks are at times
completely diverted, and usually  less
than 10 cfs reach the lnke from each
of the three larger creeks.

W, N. Gibson of the Logan office of
the U. 5. Geological Survey has caleu-
lated that over the years 1924-1954 the
tota]l contribution of the local watershed
has averaged 66,000 acre-feet per year,
He has caleulited the average loss by
evaporation over this same period at
55,000 acre-feet, leaving a differential of
11,000 acre-feet for ontflow,

The Bear River enters the valley on
the northeast side and lows outl direetly
north. At the higher lake levels indicated
by the old sharelines, Bear River was a
direct tribhutary of Bear Lake. At the
present Jevel, Bear River is B miles away
at the closest point; and prior to the
man-made connections  constructed  in
the varly 1800's the river probably had
not contrlbuted water directly to the
lake For some time, Prior to 1900, a nat-
ural outlet left the lake near the west
side of the north shore and meandered
through the Dingle Swamp to join the
Bear River ot a point 16 miles north of
the luke,

In 1907 the Telluride Power Company
began construction of Facilities  that
would enable diversion of Bear River
water into Dingle Swamp and Bear Lake
as storage for both power and irgation.
Inlet and outlet canals were dug, and
the natural outlet was closed. A dike and
spillway were constructed across the out-
let canal at Paris, ldaho, which would
control the water level of Dingle Swamp

and Mud Lake, In 1912, the Utah Power
anid Light Company succeeded Telluride
Power Company and subseguently dug
a new and larger inlet conal from o
dam on the Bear River at Stewnart, and
also widened and ﬂn:lumn;l the outlet
canal, Facilities were constructed  that
permitted control of the cxchange of
witer  between Bear Lake and  Mud
Lake,

The pumping station, near the center
of the north shore of the lake, has two
G- by 12-foot gates through which water
can move by gravity flow in cither direc-
Hom, and five 750 horsepower electric
centrifugal pumps which can kift water
from Bear Lake imto Mud Lake when
Bear Lake is too low to flow out by grav-
ity. A spillway about & mile cast of the
pumping station permits gravity flow in
either direction depending on  water
levels, It is possible to dischurge up o
4,000 cfs fom Mud Lake into Bear
Lake |',t1.r 1|.-i.'ing both inlets, the exact
maximum depending upon  the  differ-
ences in elevation. The pumps have
been measured ot approximately 400
c.fs. each; thus, they have a combined
maximum  pumping capacity of about
2,000 e.fs

Since completion of these facilities in
1918, the svstem has been operated in
essentially the following manner, The
entire flow of Bear River is directed
through the inlet canal into Mud Lake
{the older Telluride ennal i3 not used).
Water is released through the control
pates at the Paris dike as needed for
downstream frrigation or power generi-
tion. When the river flow exceeds down-
stream requirements, the excess is di-
verted into Bear Lake through the pump-
ing station and/or spillway, When re-
quirements exceed the river flow, water
is transferred from Bear Lake to Mud
Lake, by pumping i necessary, The
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Fig. 8, Fluclustions is water bevel of Bear Lake, Uesh-idabe. From data of Lifton Pumping Station, Utah Power

and Light Cempaat.

maximum lake elevation is 592365 fect
above sea level. The pumps will niot
operate when the lake elevation is below
5902.00 feet. This permits a possible
fuctuation of 21685 feet in lake level
The average fluctuation from 1817 to
1955 was just over 3.5 feet. The largest
reduction in lake level in any one year
{summer of 1926) was 85 feet. The
largest gain from inflow was 6.5 feet,
in the spring of 1946. The lake was at
the maximum level in 1921-1923, and it
has been at that point only once since,
in 1950 (fig. 9).

The only records of fuctuation in lake
level prior to man's interference are from
a gauge on the lake shore just north of
Fish Haven (U. 5. Geol. Sur. Water
Supply and Irrigation Paper 176). Read-
ings were made during October, Novem-
ber, and December 1803, and from Au-
gusi 15906 to Jum.' 18906. The maxdiminm
fluctuation recorded during that period
was 1.7 feet. The gauge readings were

relative measurements only, and were
not related to an absolute elevation.

Water Temperatures

Maximum surface temperatunes r.urhr
exceeded TOPF. during the period of
study, A surface temperature of T3°F,,
recorded July 30, 1952, was the highest
ohserved, In 1953 amd 1934, the maxi-
T sllrruw tl.-mpf.‘:n‘llur:‘ was T1°F.,
and in 1955, 69.4°F. In each year of
the study, a thermocline formed in late
June and persisted into November (figs.
10 and 11).

The even contours of the basin and
the frequent and sometimes violent wind
storms  cause extensive mixing  action,
This action kept the epilimnion well
mixed and practically isothermous. The
border between the epilimodon and the
thermocline was well defined. The ther.
mocling, however, was very thick and
its lower boundary was not definite (g,
12). Considerable mixing within the
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thermocline is evidenced by the uneven
isotherms (figs. 10 and 11). Replicite
ll:n['ph'nturl: I]ruﬁ]f_'ﬁ. uf ﬂ'l-r_r sEume l[l’.‘l:l.-
tiom and profiles at different locations on
the same day always gave very closely
reproducible results. From week to week,
however, the depth/temperature  rela-
tiois ehanged.

Beur Lake has had o complete jce
cover in 26 of the last 33 winters, 1t has
been frozen over once in December, 13
times in Januwary, 11 times in Febroary,
and once in March, The breakup has
come twice in Febroary, once in March,
22 times in April, and once in Muy,
There was no ice cover in the winters
of 1952-53 and 1933-54. the only time
on record when the lake failed to frecee
over for two comsecutive winters, In both
these winters, the lake was cooled well
below the point of maximum density for
pure water (39.2°F.) In early March

of 1953 and late February of 1954, the
lake was isothermous at 355°F. The
X immm temperabure fluctuation of the
water below 150 foet during the 3 vears
wis from 35.57F. to 42°F,

Turbidity

Turbidities in the open water ranged
from | ta 5 ppm (parts per million)
silicon dinxide equivalents; the highest
turbidities occurred  during  the spring
and fall overturns. Turbidity was high
near shove during and after storms, and
at the porth end when water was Howing
in from Mud Lake.

Secchi disc readings taken in 1952 in-
dicate the greatest visibility was 15 feet.
Kemmerer of al. (1923) report 32,8 Feet;
Huszard [ 1935) gives a rn g of 11-149
feet for a 10-day period in September;
Perry (1843) lists range of 10-30 feet
over the years 1939-1941.
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Kemmerer's one reading is lenuous
evidence for basing comparison, but it
seems probable that turbidities have in-
creased somewhat since  his visit. In-
crease in turbidity is presumably coused

wave action on shores of finely di-
vided material at lower lake levels, and
the effect of inflowing turbid water from
Mud Lake,

Bottem Types

Aside from narrow and limited rocky
areis ot the shoreline, the bottom is com-
posed of finely divided materials. A drop
of 10 feet in water level below the
5923.65 feet maximum exposes all of the
rock areas excepl om the larger deltas
and points. The rocky littoral zone is
pstimated at less than 0.001 percent of
the total hottom area,

In g{"rw'rn.l. the sze of the I‘Hil.rlit‘h.!.'-'
decreases with increasing depth, From
the shore to a depth of about 25 feet
the hottom is sand, except for the rocky
areas previously mentioned. This sand is
gradually replaced by silt and marl; be-
low about 75 feet, the bottom miterdal
is o fine gray silt marl that is 58 percent
CaCi)y,.

Snail and clam shells are in the bot-
tom and shore materdal in almost all
parts of the lake, but no live specimens
of either the snails or clams have been
found during this or previous studies,
The shells are most abundant on the
north and northwest shores. Along these
shores wave action piles up numerous
windrows of shells, which are collected
at times by local residents as a source
af caleium Tor chickens.

A representative collection of  these
shells was sent to the Smithsonian Insti-
tution for identification. The institution
reported that the predominant snail is
Carinifex newberryi (Lea), which was
reported as present in Utah Lake in

1584, along with other forms or species
of Carinifex present in several waters in
the West. The clam, a “fingernail clam,”
Sphaerivm  mormonicum  Sowerby, s
also a stream species and has been re-
ported near Wellsville, Utah.

The mollusks probably were at peak
abundance about 10,000 years ago dur-
ing the high water stage of the lake
when there wore lm.'ge arcas of shallow
water, Il Bear Lake followed the course
of other likes in the region, including
Lakes Bonneville and Lahontan, it prob-
ably reached a level much lower than
the present stage during a dry period
about 3,000 years ago  (Blackwelder
et al. 1948). Many lakes dried up com-
pletely at that time. Probably the disap-
pearance of shallow water wiped out the
mollusk population. Evidence from the
composition of the present fish popula-
tion indicates that the lake did not dry
up completely.

Water Chemistry

Pravious Investigations

Kemmerer ¢f al. (1923) include com-
plete chemical analysis for five lakes of
the many they studied in the western
United States: Bear Lake in Utah and
ldaho, and Priest Lake, Lake Pend
Oreille, and Hayden Lake in Idaho, and
Lake Chelan in Washington. Bear Lake
compares fuvorably with the other lakes
in this group in amount of nutrients and
essential elements  present. The  Bear
Lake sample was taken in 1812, before
diversion of Bear River water into the
like. Kemmerer of al. have the follow-
ing to say about the analysis:

The maost interesting analysis in this
sel is that of Bear Lake, In the Arst
place it contalns a much lirger amount
of dissolved solids thon any other lake
(1,060,333 ppm), The magnesium con-
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temt of the water s very unosual, it
Terfrg mumy times greater than the cal-
clum content, The Fact thst it contains
o foirly large quantity of e s alsa
of interest.

Al o another section:

The presence of 065 parts per mil-
liom af #ine is also interesting, When
this is compared 1o the small amount
il copipet necessary (o shop gromwth of
algae, it seems that this guantity of
zine would have o similar t'iiu-t. Sinee
the lowt temperoture and short summer
segson would also retard the growth of
n'-l]ﬂ..h", wio definite conclisions can s
drawt.

From these statements a generally held
opinion developed that Bear Lake was
not  procuctive  heeanse  of  excessive
amoumts of zioe in the water,

Duiring the investigations in the early
184iFs, several zine analyses were made
(table 1); these included samples of
wiater from Swan Creck and Mud Lake
ux well as from Bear Loke. Two of the
three Bear Lake analyses showed zine
values just over half that reported by

Table 1. Resulis of analyses for zinc of water supplies from Bear Loke, Mud

Lake, and Swan Creek

Kemmerer. The third Jlruﬂ:.'ii! wns al-
muost identical with Kemmerer’s for the
lake value, but was at varianee with the
other two on the amounts in Swan Creek
and Mud Lake.

Current Investigation

Fine nnnl:,.lsns were included in the
current study in the hope that the zinc
question could be answered.  This at-
Im]pt wWis ulﬂ:.r PLI.I!"[L'I.""" sl]u{.'l.*ﬂsful.
Several additional uestions were raised |
that appear to be unanswerable on the |
basis of the evidence at hand.

Analyses were made by James P. |
Thorne, of the U. 5 Department of Ag-
riculture, Soils Laboratory, on the USAC
campus. One sample was checked for
Thisrne by the U. 8, Department of Agri-
ctlture Soils Laboratory at Ithaca, New
York., Im all, 35 determinations were
made on 3 separate collections of water
from Bear Lake and {ts tributaries, The
Lirgest amount of zine found was 0,076
ppm in o sample of water fowing into
Bear Lake from Mud Lake. The highest

) Dt

Authority mﬂ:e:ed Location and ppm
S ~ BearLake  Swan Creek  Mud Lake

Remmerer,
et al. (1923) Aug. B, 1912 065
Derby Laws®
(Chemist at US.AC)  May 10, 1941 (111 D42 0,50
State of Tiah,*
Drivision of Chemistry  Dec. 16, 1941 0,35 18
Utah Power®
andl Light Company May 1, 1543 .64 .50 048
U510, A, Saoils Lah, Jam, - Jume A5 - 038 5 - LG AHND - 078
at USALC.® 18950 (14 analyses) (8 analyses) (5 mnolvses)
L1510 A. Soils Lah.®
ot Ithaca, New York Juimee 6, 1956 IS0 05T

:1‘1E'l:'t-1m|ﬂ| I'_l.[HJE nn- fle mt I..h.'[l.l.l.!;lllrl: ul'_'u.l-’ihﬁh- Moanngemsent, ?_JS_.&.C. Lug.un,_Ul.nﬂ
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figure for lake water was 0.036 ppm;
the lowest, 0.005 ppm: the averape of
14 determinations for Bear Lake was
0,020 ppm zinc. Logan River water, a
stream of high productivity, contained
0,009 and Logan tap water, of spring
source, 0,013 ppm zine by comparison,
Thornie does not consider the results to
be adequate from the analyst’s point of
view because of the lack of reproduci-
bility. However, even acceptance of the
maximum values would still seem o re-
move zine as a limiting factor,

As to the reason for the great differ-
ence in results from the other analyses,
there can be nlli:r Sptlzlllllh'm. Reduction
af the zine content of Bear Lake can be
cxplained by the dilution with Bear
River water, Changes of the magnitude
indicated in the sine content of the Row-
ing streams do not seem  probable.

Evidence of a complexing clement or

ion was noticed in the zine determina-

tions, and tests were made in September
1956 for copper, lead, and codmivm as
possible sources. However, none of these
elements  excecded one  one-hundredth
part per million. For Bear Lake the
vilues in parts per million were: copper,
A05; lead, .003; cadmium, 000, for
Swan Creek the values in purts per mil-
lion were: copper, 008, lead, 006; cad-
miuem, (W],

A condition that may have some limit-
ing effect on plant production is the
presence of much more magnesium than
calcium (table 2). Meyer and Ander-
son (1952) state that excess amounts of
magnesium may be toxic in solution cul-
tures unless offset by sufficient amounts
of calcium, This relation has not been
investigated in Bear Luke,

The dilution of Bear Lake by the Bear
River can be trmuced in the chemieal
analyses, Kemmerer of al. (1923) report
methyl orange alkalinity equivalent to

586 ppm; Hazeard (1835) reports 450.
4789 ppm; Perry (1843) gives o range of
75400 ppm; for  the present study
(1952-1855) the range was 204-5313
ppm. Methyl orange alkalinities of the
incoming streams are: Bear River 192;
Swan Creek 181, and St Charles Creek
195 ppam,

Diszolved Oxygen

All ilwrstignlimls Tigve ﬂ*lm[lml abum-
dunt oxygen at all depths, Kemmoerer
ef al. remark that Bear Lake has more
UXVEED in the lower waters I|:|*'m at I|1|.'-
surface in August, Perry (1843) states
that dissolved OXYEED Wi abwnclant at
all depths, I"Il‘l'h‘ going helow 5 ppm.
A value of 5.9 ppm at 210 feet in Sep-
tember 18952 was the lowest obtained
during the present study.

pH

During the present study, pH values
ranged from 8.4 to 8.6 Pery (1943)
reports B4 to BT and Moazard (1935)
8.0 to B,

Biology

Rooted Aquatic Plonts

Emergent aquatics are searce, A few
patches of cattail (Typha sp.) grow
alomg the northwest shore between Fish
Hoven and St. Charles Creek; some bul-
rush (Scirpus sp.) also appears in the
same area, Bulrush is fairly  common
n!l}l:lg the west shore from Fish Haven
to Swan Creek, and isolated patches ap-
pear along the shore almost to the south
end., The north and south  shores oare
bare of emergents, and only a pateh or
two is on the entire east shore, Several
old timers report that before Auctustion
of the water level the eattail and bulrush
extended along the north shore, Kem-
merer ef al. (1923) report from  their
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1812 observation:  “Little vegetation
exsits along the shores except at the
north and northeast ends of the lake.”
The major submerged aquatic is o
short thin-leafed Potamogeton sp. Beds
pecur along the west shore from St
Charles Creek to Garden City, and oe-
casional beds are present along the rest
of the west shore; a few grow along the
east shore, Fragments of Potamogeton
appear in abundance after every storm,
floating on the surface and thrown up
on the beach, Isolated shoots of coontail
(Ceratophyllum demersum) are present
along much of the shore, but this plant
is nowhere abundant. A dense bed of
Renunculus is present in a sheltered cove
at the mounth of Swan Creek. This is the
only luxuriant  growth  of  submerged
aquatics in the lake. All the plants pres-
ent in Bear Lake, and several others in-
cluding Myriophyllum, Utricularia, and
Polygonum, are commeon to abundant in
Mud Lake {Beeves 1954). The contrast
between the two areas is striking (Bg. 8).

Bottoem Organisms

Research on the bottom organisms and
their use as food is continuing, Only
o generil summary of this subject is pre-
sfmtl.‘d hiere,

The hottom organisms vary in both
quantity and composition according to
the bottom  type. Rocky areas under
waler have Gammarus, aguatic mites,
some midge larvae, and craylish. In the
fall of 1952, the water level was high,
and these organisms were locally quite
abundant in the rocky areas. When the
lake level lowered, the amount of rocky
area under water decreased drastically.
The bottom organisms were consider-
bly less numerous in those rock areas
that rempined under water. These re-
maining rocks were usually half buried
in sand and covered with precipitated
marl. Probably wave action would re-

constitute the cover in these areas if the
lake remained at one level long enough,

The organisms in sandy areas include
a few mites and diptera larvae, Isolated
Myriophyllum fronds or small clhumps of
FPotamogeton are present fn some sandy
arens. Where these plants could be ex-
amined by wading, they were found to
hold abundant midge larvae and some
Guammarus and mites, Mayfly nymphs
were also present in clumps of sub-
merged aquatics along the northwest
.Tilml'..

Cattail and bulrush stands  provided
relatively little cover for bottom organ-
isms, Some dragonfly, damselfly, and may-
fy nymphs were on stalks and aroumnd
roots. As the water deepens and the sand
grades into a sand-silt-mar] mixture, the
number of midge larvae increases to a
maximum  density of about 300 per
square yard.  Aquatic Oligochaeta are
present in this bottom type, up to 400
per square yard, A small ostracod is also
present, found apparently on or just
uhl:lw.- tl'.u: surfn::t' The Lu'trn.r:nﬂ! are dif-
ficult to sample but they appear to be
extremely numerous.

In the r]:'upcr witer, below about 75
feet, where the bottom fs fne silt marl,
midge larvae are not present, and ostra-
cods are much less abundant. Oligachae-
ta are considerably more numerous here,
amd mmmber up o 3,000 per square
yard,

Plankton

A :mnpmi‘mhsiw: slud:.r af the l'j'l.:l:l'lt-
ton was bevond the scope of the present
investigation. The zooplankton  were
sampled on a random non-scheduled
basis and some general information is
available, A study of methods of sam-
pling the phytoplankton of the lake was
carried on in conjunction with the pres-
ent study. Most of these sampling data
will be published elsewhere, Limited
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information  about  the  phytoplankton
population is presented here,

Flugoplankton,  On August 5, 18912,
Kemmerer ef al. (1923) made a series
of vertical hauls at various depths with
a elosing plunkton net of no. 20 sk,
Tlu'}-‘ report ux:plunl;lun in all hauls, but
report phytoplankion in only one, that
from 5 to 10 meters, In this strutum
they report 7850 cells of the blue-green
algae Coclosphoerium per cubic meter,
7850 eells of the dintom Fragilaria per
culic meter, and 1500 cells per cubic
meter of the  dinollagellate  Ceratinm,
which they list as a protozoan,

Hazenrd  (1935) made o series of
plankton wet hauls during his short sur-
vy of the lake S-l:'l_IIﬂll‘lhl.'I 20 to 3,
1833, He also noted that some quantita-
tive work wis tl[llll.' hr L'i::llrl'fugl", bt
lie gives no deseription of the method.
Hazzared lists several genera nol reporied
|:r_\r Kemmerer, bt does not mention twe
penera listed by Kemmerer, namely,
Coratium and Coclosplacriam,

The Foerst Electric Plankton Centri.
Fuge snd membrane Alter were the more
importunt separtion devices used in the
prosent investigation of phytoplankton.
Examination of the concentrate ander
low power (about 100x) revealed only
an occasional small distom, Under high
power (about 400k}  momerous small
phytoplinkton  cells were  found,  The
more abwndant genera were Ankistrodes-
mies, Oeeystus, Lynghys, Lagerheimio,
Dinabrgon, and Dictyosphacrivm.  Dia-
toams were oot oumerous;  they  never
exceeded 5 percent by number of the
total eells. All of the cells were small
(from 2 to about 50 microns in their
]urgr:\{ dimension ) ; l'.lll]-J.r an  oecasional
diatom was laeger than 50 microns. A
o, 20 silk net could not be expected to
retain cells of such small size, and ex-
amination of several net samples  pe-
vesled none of these smaller eells,

O the phytoplankton forms reporied
(by Kemmerer and Hoazzard) from net
samples, only one, Ceratium, was found
in a net sample during the present study,
and this appeared only onee.

During  the present  phytoplankton
study, water samples of 3 and 6 liters
were used. Kemmicrer's data are equiva-
lent to 8 cells liter for Coclosphae-
rium and Fragilaria and 16 cells per liter
for Cerativm, Hozzard reports quantita-
Hve data only for Stavrastrum, 1 to 13
cells per liter, Counting methods in the
present study involved examination with
a haemacytometer of only a small frac-
tion of the concentrate from the water
samples. Organisms present at the dens-
ities reported above would have only a
small probability of being seen consist-
ently, It might be expected that they
would be seen at Jeast onee during ex-
amination of more than 30 samples in
a Zyear period if they were actually
present ot the densities reported, OF the
forms other than distoms t{‘purtﬂl by
Kemmerer and Hawzard only Microcystis
was seen in the phytoplankton samples.

In the present study, the distoms were
not identified, but because of their rela-
tively minor importance quantitatively
they were treated as a single group. It
wis  obwions, however, that several

e wiereé present.
ﬁ’?l‘:}w gmlrmpl:mher than distoms) re-
ported by the previous investigators are
guite distinctive and could not be con-
Fused with the forms found in the pres-
ent study. The evidence is not conclu-
sive, but it seems to indieate  sone
changes in the species composition of
the larger forms during the development
af the lake as a reservoir, with the sub-
sequent changes in chemical composi-
tion of the water. Since the carlier in-
vestigations did not sample the nanno-
plankton forms, no similar comparisons
can be drawn for them, These small cells
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are present in  tremendous  numbers,
Ankistrodesmius faleatus, the most abun-
dant species, exceeded 2 million cells
per liter in several ,'l-'i-mpll'ﬁ. The greatest
fotal  mumber of colls found was just
under 4.5 million per liter.

Numbers are, of course, only a rough
indes of productivity. The individual
cells have small volumes, in the range
from 12 to 250 cubie microns.

On a wvolume basis, the denser sam-
ples ranged from 0.4 to 1.1 x 10° cubic
microns per liter, Verduin (1951) re-
ports maximum values of 16 x 10° cubie
microns per liter for Lake Erie in 1949,
and 6 x 107 cubic microns per liter in
1650,

Phytoplankton  productivity per unit
volume is low in Bear Like, bt not as
low as previous investigations have in-
dicated. The total productive volume is
large. The epilimnion extends to more
than 50 feet by late swommer, and sam-
ples indicate good production through-
out this zone; some live cells are found
ns deep as 100 feet. Some production
etmtinues under jee cover, Samiples taken
through 12 inches of ice with a f-inch
snow  cover  gave 005 to 0.2 x 100
eubic microns per liter.

Zooplankton. Kemmerer et al, (1928),
who sampled by vertical hauls with a
closing net, report two copepods: Epis-
ehura, token at all depths sampled, and
Canthocamptus taken in only one 50- to
S5-meter ;umpi::, The rotifor, anyr:rﬂlrﬂ,
they report from 2 samples, 5 to 10 and
10 to 15 meters, These were the only
zovplankton forms they found.

Hazzard  (1935) reports only ome
copepod, Episcliura, and five rotifer spe-
cies: Conochilus, the most abundant;
Pﬂﬂyﬂﬂ'ﬁm‘. second;  Anurae, Triathra,
and  Nethalaca, occasional; and  one
cladoceran, Daphnia.

Perry (1943) and Stillman Wright,
who was stationed in Logan as a biol-
ogist with the Fish and Wildlife Service,
did considerable plankton sampling in
conjunction  with Perry’s study of the
Bonneville ciseo of Bear Lake. Their
sampling was done with a 10-liter plank-
ton trap, a device considerably more ac-
curate quantitatively than any type of
unmetered net tow; however, there may
be an avoidance reaction to the plank-
tom trap by some zooplankton forms that
would cause some to be missed or un-
derestimatid,

Perry mentions 13 genera of zooplank-
ton: 3 copepods, Conthocamptus, Cy-
clops, Epischura; 3 rotifers, Conochilus,
Polyarthra, Anurea; and 6 cladocerans,
Alona, Bosming, Chydorus, Daphnia,
Ceriodaphnia, and Moina. He gives data
on vertical distribution for the genera
Polygarthra, Conochilus, Epischura, and
Anuragd, on nine  dates from  June
through November 1940, Four repre-
sentative distributions of the two most
abundant ies are presented here
(fig. 13). Additional data on the ses-
sonal change in abundance of two of
the more important species, Epischura
and Conochilus, are presented by per-
mission of Dr, Wright from unpublished
data assembled during their investiga-
tion 1939-41 (fg. 14).

Epischura and Conochilus were the
dominant forms in collections made dur-
ing the present study. These collections
do not warrant detailed  quantitative
treatment, Duplicate net hauls made at
the same time and location varied as
much as 200 percent. Maximum densi-
ties found in a wvertical net haul were
1L.5 Conochilus colonies per liter and 4
Epischura per liter. The maximum fg-
ures reported by Wright (fg. 14) are
somewhat higher for Epischura and low-
er for Conochilus, but they are not dras-
tically different for either form.
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No cladocerans were taken in plank-
ton net hanls during the present study,
TH S I:h(-}.' were found several times in the
stomach contents of ciscoes taken in giﬂ
nets. It seems most reasonable o as-
sume the presence of cladocerans in the
zooplankton samples gathered by Perry
resulted from  the greater nl‘ﬁci[mr_'}' af
his plankton trap rather than to a popu-
lation change. All other sampling re-
ported has been done with plankton
nets, and a single ocourrence of Daplinla
reported by Hazzard (1935) is the only
cladoceran reported.

Conochilus has  been an  important
plankton in practically every collection
mported by Haweard  (1835), Pery
(1943), Wright, and the present study.
The colondes Formed by this rotifer are
large and distinctive; they could hardly
be overlooked or misclassified. Kem-
merer ef al, (1923) made their collec-
tions at a Hme of year when Conochiflis
wiis found to be abundant by all subse-
quent studies. Since Kemmerer's plank-

ton datn were eollected during a single
day, they do not give o substantial busis
for mmimr[m. Since Kemmerer maide
w series of hauls at severnl depths, it
seems highly improbable that Conochilus
could have been missed if it had been
present in any apprecinble numbers,
Here again is at least suggestive ovi-
dence of a change in plankton composi-
tion associated with the conversion of
Bear Lake into o reservoir,

The production of plankton in Bear
Lake is low indeed when mm|mn:|] Loy
that of productive bodies of water such
s Hl.':lry‘!: Lake and Island Park Heser-
vire in Tdahe; and Strawberry Reservair,
Fish Lake, and Panguitch Lake in Utaly,
Production of phytoplankton in  these
waters is often of sufficient volume to
color the water Erect. Where the #oo-
plankton volume from a 50 foot haul in
Bear Lake would be measured in tenths
of a cuble centimeter, an equivalent
haul in one of these other waters might
be ten to one hundred times this volume.

—35—



These more fertile waters are with-
out exception much smaller and shallow-
et than Bear Lake. No larger lakes can
vompare in productivity per unit volume
with the ones mentioned above. When
compared to that in other large decp
lakes the production of zooplankton in
Bear Lake is low; but not drastically so.
Stross (18953) pives data for Cyelops,
the most abundant zooplankton in Lake
Pend Oreille, [daho; they show a maxi-
mum  density equivalent to 18 organ-
ismns per liter for a 100-foot vertical haul,

mnpan.!l:t. b 4 tnganism:r. per liter in
Bear Lake for Epischura. Carl (1852)
lists & maximum copepod density of 5.14
per liter for Cowichan Lake, British
Calumbin,

Whatever numerien]l bounds may b
set on the terms “productive™ or “um-
productive,” it must be remembered
that the plankton population of Bear
Lake is sufficient to support a large pop-
ulation of an  almost {m:!uait'ﬁl}' FiM)-
plankton  feeding  fish, the Bonneville
cisco,



Fish Populations

Species Present and Their
Relative Abundance

HE two most numerous fish in Bear

Lake are the Bonneville cisco and
an undescribed sculpin,  Cill nets do not
sample either of these two fish offective.
I}' because u:ll}‘ the I.:rgg-,sl of the Bon-
neville cisco are subject to capture, and
the sculpin is a sedentary species. Cisco
were taken ot a relatively Jow rate in
gill nets set on the bottom, but nets set
anywhere from just off the bottom to
near the surface canght the fish in oom-
bers that equaled or exceeded those of
any other fish at any depth (Perry
1943). Perry also demonstrated  that
Bonneville cisco are independent of the
bottom. They seek depths where tem-
|-|'|.-\"i|.||-|r!II i.ll-[] I]I'-I-I'Ikll]" l'TI-'II{"Er"'['.LII.I::I“S

are most acceptable. When information
from all sources is considered, it appears
that Bonneville cisco are more abundant
than any other fish in Bear Lake, with
the possible exception of the seulpin,

Sculpins were caught on the bottom
in gill nets. They were also extremely
abundant in collections made by poison-
ing shore areas, and in electro-fishing
collections made in shallow waler in
April.  Although sculpin are too small
to be taken in the %-inch mesh of ex-
perimental gill nets, they were the most
commonly caught fish in %inch mesh
gl nets.

The mid-water gill net sets made dur-
ing this study took r:ll11rl." six  Bomneville
cisco, one Utah sucker, and one rainbow
trout. The fact that mid-water sets took
only one sucker and no Bonneville or

T



Bear Lake whitefish is accepted as evi-
dence that these two fish and the Utah
siicker are almost lucluadwzl}' st tiom
thwellers in Bear Lake. The small ciseo
catch was probably the result of the
wide dispersal of ciscoes in the spring
and late winter when this netting was
done. This theory is partially substan-
tinted by the fact that considerable num-
bers of the two whitefishes and Utah
suckers were caught in nets set ot the
sume  depth and temperture as mid-
witer sols, but on the bottom. The Ulah
sucker, although numerically less abun-
dant than Bonneville cisco and seulpin,
contrilwites more o Ihu tnl.tﬂ Ix‘:unds af
fish in the lake than the combined
weight of the other two fish. The Bear
Lake and Bomnmeville whitefish in aggEre-
gate wre slightly fewer in nomber than
the sucker, but from the standpoint of
tital pounds in the lake they are con-
siderably less important than the sucker,
It is believed that the Bear Lake white.
fishi is the more abundant of the two
whitefishes,

The Utah chuby ranks Gifth on o scale
uf relative abundanee but probably rep-
resenls less than 4 percent of the total
number of fish, The carp is judged to
be sixth in relative abundance. To the
shore ohserver, the carp appears cone
siderably more important than it actual-
ly is because of its habit of concentrat-
ing at or near the surfoce in shallow
water, On warm days, carp may, how-
EVET, be founed at the surface as far as
a mile from shore.

The low catch of lake trout, cutthrost
trout, and rainbow teout in et sets and
in other types of collections makes it dif-
ficult to draw conclusions about their
distribution and abundance, but it ap-
pears that all these fish stay close to the
bottom and that the total population of
all trout, by wumber, is not more than
3 pereent af the fish p::pul:iliull.

Gill nets set close to shore caught rain-
bow tromt: and most of the rainbow trout
taken h:,.' |||!||':||c |i||tl ].im,- WEDE cﬂught hJ.r
shore  fishermen.  These  two  eireums-
stances make it appear that rainbow
trout are not as scarce as the deep water
will net sets indicate. In years when rain-
bow trout are heavily stocked, their
numbers might exceed those of the total
of the two ather trouts. This, however,
is felt to be a temporary condition.

The yellow perch, green sunfish, ko-
kanee, Carrington’s dace, and smallfin
redside shiner are present, but in small
numbers,

The total Pupulnliml of fish in Bear
Lake in 1952-53 was considerably great-
er than it was in 193542 if comparative
rites of capture in similar nets are relin-
ble indicators, The rates in the earlier
study and the more recent one were
0.706 and 1843 fish per hundred-foot
gill net hour, respectively. Tests of sig-
nificance yield a "t" value of 4.35 for the
difference in the mean rates of capture.
This exceeds the tabular value of 2,04
and indicates signiﬁ::m:lu: at the 85 per-
cent confidence level, In short, the dil-
ference is probably real (fg. 15).

The greater length of the nets and the
lomger immersion periods of the net sels
in the earlier study may have been re-
sponsible for a lower rate of capture per
unit of effort, However, examination of
the data yields no evidence to confirm
this suspicion, Because of the small num-
ber of 1|._i|i|] net sets in shallow water
during the earlier study, it is suspected
that the carp habitat was under-sampled.
The habitat of all other species was sam-
pled at least as well in 193542 as it
was in 1952-53. [l we postulate a lower
efficiency of the nets used for sampling
in 193842 (although no evidence in this
study supgests it), we would have to
assume an efficiency of only 35 percent
of that experienced in the recent study,
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before the difference in mean mites of
capture would no longer be significant,
It should be acknowledged that other
workers have considercd Hoen gill nets
less efficient than nylon gill nets, All
fish rtlprtrs:‘nh"rl in both studies shared
the recont increase in density, i it s,
us we believe, a real difference. Carsory
gill met sampling by Hazeard in 1933
also yielded a lower estimate of fish
density than the more recent collections.

Distribution of Fish by Depth
and Bottom Zone

The summer distribution of o species
is discussed separately rom that of the
rest of the year, The word summer is
used 1o tt-l"ﬁ-l-E:ll:th' the |u1n'q1-rl whin sur-
face temperature of the water excecds
60°F. In both 1953 and 1953, the woter
wiis at least this warm from mid-June
until mid-October (table 3) (fps, 16
and 17).

Comparisnn of rates of capture of fich in exparimental gill sety 85 oxpeciesced in 193843 and 1052-53,

Hainbow trout were taken ullljr i g‘i“
nets and seines that were used in water
less tham 10 feet deep. Shore Bshermen
caught almost all suinbow trout appear-
ing in ereels,

Gill pet sets indicate eutthroat trout
are most abumdant between shore qnd
the 75-foot contour throughout the vear,
1'111.':.' wore tiken :1r.|'|}r i nels sel near
the bottom. However, an inshore move-
ment of cutthroat trout cecurs in spring,
and o minor but definite movement off-
shore appears again in the fall. Degree
of movement appears constant at all
SUASONE,

The lake trout exhibit mueh greater
activity in the warmer months than in
winter. The 25- to T3-foot 2ome is their
chiosen habitat in the summer and early
Fall; they move out to deeper waler in
winter, One set, m-.u!-." t[urillg the SUIm-
mer of 1953, in 193 feet of water, took
three loke trout. This exception to the
general distribution pattern Wwis  corme-
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lated with an unusual concentration of
Bonneville whitefish for that r]ll'pth.

The pattern of activity and distribu-
Hon for the two whitefish is smilar to
that of the lake trout. It appears reason-
able that the whitefish population is pur-
sued by the lake trout. Since the Bear
Lake whitefish has seldom been identi-
fied in collections taken at depths of less
than 75 feet, it appears that the white-
tish commonly associated with lake trout
in summer mist be the Bonneville white-
fish. Neither of these two whitefish was
tuken in mid-water gill net sets,

The Bonneville elseo s more abun-
dant in mid-water than near the bottom.
This is apparently a reaction to tesmiper-
ature rather than to depth. Only a small
portion of the cisco population is sus-
ceptible to capture on the bottom | Perry
1943). A Ereater number of cisco ap-
pears in bottom net sets as the depth
of the water increases. No consistent
difference in activity was detected be-
tween  cisen collected in summer  and
those eollected at other times of the year
in bottom-set gill nets. The one excep-
tion to this last statement occurs during
the s‘pclw.-'rrlng season, in late December
and Jamuary, Generally, we did not eol-
lect fish during spawning periods.

The carp and yellow perch exhibit
identical movements and depth prefer-
ences. Neither fish wanders out deeper
than the 50-foot contour, and both dis-
play a greater degree of movement in
summer than in the remaining seasons,
Both species achieve highest densities
in very shallow water, but carp occa-
sionally travel a mile or more from shore,
usually just below the surface.

Utah chub were captured most fre-
quently in summer at depths of less than
25 feet, They move offshore to the 25-
to 50-foot zone in the colder months,
Activity appears little changed by sea-
sonal temperature Auctuations,

The Utah sucker is much more active
in summer than in fall, winter, or spring,
The area between the 253 and 75-fool
contour contuins the greatest population
density during all seasons; however, nets
set at all depths and seasons were sel.
dom lifted that did not contain at least
o sucker. This Bsh is strictly a bottom
dweller; only one was captured in o
mid-water set.

A coincidence in season of  greatest
ur,'th.r:'t:r (summer) and zone of greatesl
abundance (235-75 feet) for the white.
ﬂsln‘:s, lake Eromt, and mllthn}ul tronat s
the most significant feature of the depth
distribution data, The creel census in
dicates summer as the poorest time o
fish in Bear Lake, yet the wmosl
songht after species were netted  mosl
frequently at this time tspuwnmg Sl
sons excepted ), Mﬂ'umgh the 25- to 75
foot depth zone is inhahited by the mos
desired species in summer, it is oo fu
[RIT18 fl]r ,‘-tﬂ.'lﬂ." ﬁﬁhfl.'l'lll.'l!. '[1'“.' Il]\‘r‘ Tl
of success among summer boat fishermes
is diffienlt to explain but may be becaus
of the inability to locate the wone ol
greatest fish  density,

Carrington’s dace were present in lim:
ited numbers in all shallow, robble bot
tom arens. Small Utah suckers appearec
occasionally in shallow areas but wen
most abundant near creck mouths an
in the vicinity of bulrush beds. Smal
mﬂ[lin alsn were present pear bulrusl
heds and rocky areas. Fingerlings o
trout and whitefish were rare in all area
poisoned or seined. Small Utah chub
smallfin redside shiners, green sunfish
and small carp were common to abun
dant in the lower portions and at the
mouths of the two muddy, sluggis]
streams at the south end of Bear Lak
during this study, but were rare clse
where, Small yellow perch and dace oc
casionally were taken where thes
streams enler the lake,
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In Swan Creek, legalsize (7 inches
total length) cutthroat trout and rain-
bow trout commonly were taken with
the aid of an electric shocking machine,
Sub-legal-size  mainbow  and - cutthroat
trout were abundant in this stream, Ex-
cept during the spring months  when
adult suckers were quite abundant, no
ather fish were in Swan Creek. In lower
5t Chatles Creck, sub-legals of rain-
bow and cutthroat trout were common,
Srocked lqgul-sin: minbow  trout  were
also common, but legal-size cutthroat
trout were rare, Carp and suckers were
abundant. Upper 5t. Charles Creek con-
tained oceasional brook and  cotthroat
t[lj“i ﬂnﬂ an ].ll'.“l"dﬂl“."ﬂ “‘ mlt‘]lm,

Spring Creek hos o spawning run of
eutthroat trout during high water years,
but a check during the drrigation sea-
son of 1853 revealed a flow of only |
ofs and a ptlplllulfﬂll ol ulll}l' Tiot-Eame
fish.

Fallula Spring is intermittent but at
times containg |t|:|.'g|: imr.llll.llﬁlm afl non-
game fish. Troot were rare or absent
when the stream was sampled.

South Eden Creek is intermittent and
is highly turbid in the periods when it
s o, Snmljling h}r ﬁll:ctnhshwklng
produced no fish.

North Eden Creek is permanent, and
its upper part is free of high turbidities.
It is maintained as a private fishery and
and is not open to the public. An excel-
lent population of eastern brook, rin-
bow, and cotthroat trout Is maintained
by stocking. However, cutthroat trout
can escupe to Bear Lake from this pri-
vate fshery. There is no evidence of
o spawning run from Bear Like,

The number of tributary streams avail-
able for spawning rainbow and cutthroat
trout is negligible, S5t Charles and Swan

£ are marginal for spawning and
subsequent growth of the fry, because

of their small productive area, but other
conditions are satisfactory. These two
streams supply a totul of only about 20
aeres of potential spawning ground; and
even this area is severely reduced by
irrigation diversions in July and August.

Life Histery Data
Cutthreal Trout

The Utah cutthroat trout is the only
trout native to Bear Lake. Em‘l:.l' intrie-
ductions included Yellowstone cutthroat
trout, probably other subspecies of cut-
throat trout, and rainbow trout. Two
circumstances — the stocking of mixed
.ltpur_'its of Salmo and the ru.cl that all
species  of spring-spawning  Sabne ap-
parently hybridize freely in Bear Lake—
have produced today's Bear Lake cout-
throat trout. This fish really is a mix-
ture of several mﬂ]s[n:u'es of cutthroat
und rainbiow trout. Relatively few of the
Bear Lake trout were judged to be pure
citthroat, The dnmin:ml. L'utﬂlm-ul Ironat
type is the hybrid described above,
However, regardless of its mixed an-
cestry, the cutthroat ecologically is dif-
feremt from the stocked minbow troni
and thie other wild Bsh jdentified in this
study ns a rainbow trout. The cutthroat
grows faster and to a much greater size
than the rainbow trout in Bear Lake,

Many of the wild Salmo sent to Dr.
Robert R, Miller, associate curator of
fishes, University of Michigan, Museum
of Zoology, were tentatively identified as
rainbow x caotthroat trout hybrids. At
one tHime during the study, an attempt
was made to determine the degree of
hybiridization  between  cutthroat  trout
and rainbow trout. Howewver, this al-
tempt was abandoned as being imprac-
tical, il not impossible, and all Bsh that
had been lobeled as either cutthroat
trout or cutthroat x rainbow trout are
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designated in this study as cutthroat
t. Ecologically, this designation is
ustified, and it is believed most of the
ish that appear to be cutthroat x rain-
trouk h_vbrfds are I‘uulmmipal]y
loser to cutthroat than W rainbow troul.

The stutus of cutthroat trout in Logan
iver is not greatly different from that
pf the cutthroat in Bear Lake, In Logan
River, the Utah cutthroat trout has been
placed by a mixture much like that
i Bear Lake; and in spite of h:..rhril;llzua
on and the frequent planting of roin-
trout in the upper waters of the
rann River, the cutthroat trout  still
sists and dominates that arca, Tt is
believed that in the upper Logan River
nd in Bear Lake the cutthroat trout
ould, if left alone, dominate the rain-
bow frout.

Growth rate of cutthroat trout in Bear
ake is considered excellent (table 4).
ost cutthroat trout exomined were in
good condition. The limiting factors ap-
pear to be lack of suitable habitat, in-
ufficient food for young fish, and in-
dequate spawning grounds.

Cutthroat trout shorter thun 10 inches
e rare in the creel, in the gill nets,
nd in collections from seining. shock-
g, and poisoning operations. The few
that attain the length of 10 inches are
then able to subsist primarily on other
ish and presumably have no problem
inding an adequate food supply. Stock-
ing of approximately 4.6 million cut-
hroat fry during the past 15 years has
ot produced u large population of legal-
ize cutthroat trout. In addition to plant-
@ng fry in Bear Lake, the Idaho Fish
d Game Department has stocked large
pumbers of legal-size cutthroat trout,
pince these fish were not marked until
853, fish stocked earlier were not iden-
ifiable as such in the creel.

Small to moderate cutthroat trout

spawning runs occur in three Bear Lake
tributaries — Swan Creek, St Charles
Creek, and Spring Creek,  Spawning
traps have been maintained for several
years in 5t Charles Creek and Swan
Creek, Most of the cuttliront Iry stocked
in recent years were hatehed from s
taken at these two trups, The diversion
of most of the How of these two streams
into irrigation canals makes them in-
effective as spawning sites, For this rea-
som, the Fish and Game Departments of
Utah and Idaho established spawn tak-
ing operations on these two  streams.
However, becanse of the reduced run of
cutthroat trout in Swan Creek in 1953,
it was suggested that the cost far out-
weighed the benefits; thercfore, it was
recommended that the trap be removed,
The trap was not operated in 1954 and
18955,

In stomachs of 20 cutthroat trout, sl
was the most important tem as meas-
wed by both oceuwrrence and  volume.
During the 1938-42 study this fact was
also indicated, Bopneville cisco  and
sculpin: were the fish most frequently
found in the stomachs. One 9-pound
cutthroat trout, taken in the winter, con-
tained 17 ciseo from 5 o T inches long.
Shortly after some G- to S-inch lake
trout were stocked in May 1954, several
cutthroat trout taken contained these
planted fish (9 in oue stomach ). None
of the lake trout eaten wos more than
7.5 inches long. Apparently the cutthroat
has little trouble finding food onee it

atbing a size that allows it 1o feed on
fish,

Rainbew Trout

Fifiteen percent of the rainbow trout
in the creel from 1953 through 1955
were hatchery fish. Before 1953, not all
stocked minbow  trout were marked,
From 1953 on, all stocked rainbow were
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Table 5. Data from recoveries on 5,000 jaw-tag
May 1953, October 1953, and March 1954

Length Length Growth
when whiei incre- Month
planted recovered ment planted

mim. mim. mim.

187 222 a5 May
231 20 o9 May
211 250 39 May
188 a52 4 May
238 o560 15 May
184 220 3 May
185 32 37 Moy
195 235 30 May
on2 240 a5 May
211 236 5 May
2]z 30 15 Muay
20y 200 0 May
233 250 17 Moy
212 256 4 May
185 195 13 March
233 o538 20 M
200 218 15 Choto
225 311 86 May
246 330 M May
208 300 T2 March
187 260 103 Octoker
113y 367 137 May
187 20y 13 March

ged rainbows planted In

Distance
from release
point to
caphure
place

Mo, of
days to
capture

Place of
}  Fecavery
miles

Bear Lake
Bear Lake
Bear Lake
Bear Lake
Bear Lake

Bear Lake
Bear Lake
Swan Creek
Swan Creek
Swan Creck

Swan Creck
Swian Creek
Swan Creek
Swan Creek

Bear Lake

Swean Creek
Bear Lake
Bear Lake
Bear Lake
Bear Lake

Bear Lake
Bear Lake
Swvan Creek

28 SEEEE a%znz sezse sesss
| FEE ZEDU e P e e e e

*No ﬁus or recoveries of tagged fish were made in 1955,

5mme fish released and recovered again a vear Luter,

fin L'prr_'-.l or otherwise marked, Pre-
sumably, most of the unmarked rainbow
that appeared in creels in 1853 and laber
Wil 1'|.L|‘t|;"|u'r)r rither than wild rainlow
trout (tahle 5),

‘L"lrhlu“:.' nio rainbow trout were taken
in deep water gill net sets, and relative-
ly few in shallow water gill nets or by
seining., A few marked rainbow  trout
and a larger number of unmarked ones
appeared at the spawning traps in 5L
Charles and Swan Creeks during the
spring of 1953, Moderate numbers of
rainbow Angerlings were present in the
lower sections of both streams. Since no
rainbow trout fry have been planted in

these streams sinee 1950, it must be as-
sumed that natural reproduction is oc-
curring; but it appears to contribute rela-
le_'r litthe to the rainbyw H..-il'u'.r_',' of
Bear Lake. A few marked rainbow trout
were recorded in Swan, St. Charles, and
Spring Creeks, and as far away as Round
Valley,

The ereel census showed less than 5
percent of all rminbow trout  stocked
in the lake actually return to the creel,
The bulk of the return is from the cur-
rent year's plant, and few or no rinbow
trout that have been stocked more than
three years appear in the creel. Since
most of these ﬁuh are frum current :I.-‘Hﬂl"l- |
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stocking, and since few rainbow trout
appear in nets or other sampling de-
vices, and sinee no rainbow larger than
a puundlt have been observed in the
luke, it is assumed that the stocked rain-
bow trout and possibly wild ones also
Jive not more than 3 . Pusﬁh!}r the
bulk of the hatchery fish die within
their first year in Bear Lake, It is be-
lieved that most of the minbow trout
stocked when they are less than 10
inches long are unable to find food, and
therefore die from starvation within their
first few months in the wild, Or they
may be weakened by lack of food and
are easy victims of disease or large fish.
Whatever the couse, returms to the creel
were less than 5 percent for rainbow
trout less than 10 inches long, Even the
highest returns (20 to 35 percent) for
1i- to I3-inch rainbow tromt must be
considered unsatisfactory,

When the water level elevation in the
luke is near the maximum, minbow trout
seem to prosper better than when the
water is dropped 3 or 4 feet. Water
levels are maintained at the maximuom
liwight only occasionally, and the usual
situction is that of o lowered and Hue-
tunting water level, This condition is
apparently more limiting to the mainbow
trout than to either the eutthroat or the
lake trout. The H!.“:hmting water level
produces a smaller, less productive lit-
toral zone, which is frequented more
by rainbow than by other trout.

Hainbow trout planted ot o specifie
lowation spread to all parts of the shore,
Fish from one plant mode near the
center of the west shore were caught di-
rectly aeross the lake two weeks later,
a distance of 8 miles directly across or
20 miles by shore line.

Limited studies of food items in rain-
bow trout stomachs lead to the conclu-
sion that insects, primarily terrestrial,

are the common food. About hall of G0
stomuchs  examined contained  insects,
and 20 percent contained fish, the most
important item by volume, The fish most
often eaten was the sculpin, Plant mate-
rial and debris were conunon but prob-
ably contributed little food value, Other
items eaten oceasionally were fish, scuds,
terrestrial  earthworms, and fossil mol-
lusca shells. An impression one forms
fromn observing stomach contents is that
the rainbow trout feeds either on the
surface or at the botiom, but near the
shore, The high incidence of such non-
food items as terrestrial plant fragments,
straw, and fossil soail shells sugpests
that the minbow has difficulty obtain-
ing food in this zone. The rainbow
trout’s preflerence For shallow water may
be responsible for its poor growth rate
as compared to that of the cutthroat
tromt,  which inhahits dn'PE': wiler
where food is more easily available.

Utah Sucker

The Utah sucker acceounts for the
greatest total weight of any fish in Bear
Lake. Numerically, the Utsh sucker
ranks third {after the Pomneville ciseo
and the seulpin). This high population
can be attributed to the Utah sucker’s
ability to feed over nlmost all of the bot-
tom aren of Bear Lake, including the
dﬂupd::t water, and to its hq.gh rupn.hltm—
tion rate. Gill net sets showed that the
Utah sucker is often in water maore than
100 feet deep. It feeds freely on bot-
tom organisms at all depths throughout
the year, but it is infrequently in shal-
low water during late summer. That
only one Utah sucker was taken in 388
hundred-foot gill net hours in off-bottom
sets indicates it is o bottom dweller.

Although the Utah sucker does not
have the choice of a large variety of
bottom organisms, those present are ap-
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I;,m-u_ll.th adequate. Young  and  adult
suckers alike feed on much the sume
forod ieims. |_.:1rgt'I mimbers of Utah suck-
ers were biken with a drag seine hoth
in 1954 andd in 1955 at the Muod Lake
inlet to Bear Lake. These fish were in
water ranging in depth to 25 feet. Prob-
ably abundance of food caused this con.
contration,

OF the several hundred Utah suekers
from this area that were examined, al-
most all were parasitized by Liguala in-
testinglis, & body covity tapeworm. The
larva is o ph.*ruun.md free in the body
cavity of many fish, No other Bear Lake
fish thus far examined was highly para-
sitized by a macroparasite. Although no
obvious loss of condition was apparent
in these parasitized Utah suckers, the
tapeworms must have some detrimental
elfects. Fish as small as 7 or 8 inches
long often contained 3 to 4 feet of tape-
worm. These fish certainly are far less
attractive to fishermen, even  though
their food value mity not b decreased,
Utah suckers from other areas in Bear
Lake and From tributary streams were
s parasitized, bt the percent of in-
fested individuals was lower,

The Utah sucker spawns in the trilw-
turies, in Mud Lake, and along the shore-
line of the lake proper. Spawning occurs
in late May and early June on the rocky
shoals between North and South Eden,
This same spavwning area is used by lake
trout, whitefish, and seulpin at other sea-
wns, Utah chub and Bonneville white-
fish wore observed accompanying the
spawning schools of Utah suckers, and
later Wit r:mml iy 'Imw: sucker oS in
thedr stomachs.

Length frequencies of catches in ex-
perimental gill nets showed that the
juvenile Utah sucker is not canght in
Bear Lake but is common in adjoining
Mud Lake and its canal system (fig. 15).

It is also abundant in the lower sections
of 5t. Charles, Swan, and Spring Crecks.

In July 1855, 5t Charles and Swan
Crecks were checked with an electric
H.HLM:HI'.E machine. In St. Charles Creelk,
us many ns 50 to 80 Utah suckers were
taken from pmls no wider than 20 fect.
Certainly many  thousand Utah suckers
hael ascended this stream o spawn. Two
groups appeared in the stream — those
that had spawned wnd were descending,
and another  group  that  apparently
would not spawn  within the current
year, The fish that had spawned were
in considerably worse phyvsical condition
than the non-spawners. The spawned-
out fish were scarred along the sides,
and their color was bledched. The others
were dark and unsenrred. We could not
determine  whether the  immature  fish
were residents of the stream; since they
apparently were not there to spawn, we
presumed that most of them were stream
residents,

Swan Creek apparently  supports a
much smaller population of spawning
Utah suckers, and these fsh suffer a
higher post-spawning  mortality  than
those in 5t Charles Creek. Swan Creek
is not as deep, and its bottom is rougher
and has larger boulders than St. Charles

Creck; also, human  interference s
greater in Swan Creck,
Carp

Bear Lake s considered borderline

habitat for carp. Many casual observers
believe carp are abundant enough to be
quite  detrimental to other fish, This
opinion s based on two Factors: (1)
most Bear Loke carp are at the surface
and near shore durng the warm months,
and (2} they concentrate in the [alls
when water is flowing from Mud Lake
into. Bear Lake. It is almost possible to
count the entire carp population of Bear
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Lake on a sunny day when the lake is
warmest at the surface, Evidence indi-
cates very little reproduction of carp in
Bear Lake—possibly none except at the
mouth of 5t Charles Creek, Most Bear
Lake carp apparently are spawned in
Mud Lake and in marshes along Spring
Creek; then they migrate into Bear Lake,
It is believed that if no carp moved
from Mud Lake the population of carp
in Bear Lake would be almost gone in
a few vears, Although the damage that
carp do to the e fish im"hlln.liml %
not great, the carp certuinly compete
with small game fish, Unlike the sucker
and other non-game fish, the young
carp probably provides little or no posi-
tive benefit as a forage fish. Large num-
bers of carp are present near the creck
mouths and around the inlets from Mud
Lake. Many carp actually attempt to
move into Mud Lake in the early spring,
[}T{IIHIITI}I‘ becanse the water then Il:erng
fromn Mud Lake is often 5 to 10 degrees
wirmer than Bear Lake waler,

Growth rate of the carp is poor in
Bear Lake compared to that in most
other carp habitats in Utah, The earp in
Bear Lake lives to be as old as, or older
than, it does in other Utah waters; but
it grows at a much slower rate; for ex-
ample, a 4-year-old carp in Bear Luke
is about 11 inches |ung, whereas n earp
of the same age in Bear River Bird Ref-
uge normally is about 20 inches long,

Midge larvae and copepods made up
the |n‘i|:l:'l[m'|. Orgnnisms foumd in  the
food of carp examined ol the inlet in
June 1954, A month later, carp were
still taking many midge larvae but few
copepods. The midge larvae eaten by
Bear Lake cArp e tluilr smuill. Gastro-
pods, probably fossil shells, constitute
about 5 percent of the total food. Plant
debris was taken by many carp; much
of this was seeds of Chare and Pola-

mogeton and some live plant material,
Most or all of this piunt materal p‘l‘ul'l-
ably had been washed in from Mud
Lake. Filamentous algae and a few dia-
toms had been taken but were of minor
importunce, About ome-filth of the in-
testinal content of the cup studied was
sand. The taking of sand and plant
debris normally indicates that the habi-
tat is of poor to borderline quality, Pre-
sumably the carp stirs up large quanti-
ties of sand when it must feed over a
141|'Er_r aren to find the most desirable food
item — midge larvae. The results of the
1955 studies of food habits did not dif-
fer greatly from those of 1954, Duck
weed made its fest appearance in carp
stomachs in 1955, The carp in Bear Lake
is almost exclusively o bottom fecder,
but some “gaping” actions frequently
observed at the surface appear to be a
type of feeding activity.

Sculpin

Relatively little life history informa-
tion about the !n.lll.'ljn was guthered even
though this fish is considerably more im-
portant in the Bear Lake ecology and
economy than the amount of study indi-
cates. The glll nets used for the majority
of the population studies were not ef-
fective in catching sculpin (fig. 19).
It was not until late in the study, when
fine mesh gill nets were available, that
the abundanee and wide distribution of
the _-aculpin wWiTe full:.r relized,

Foad habit stucies of lake trout and
other large trout show that the sculpin
is always an important food item; Bon-
neville whitefish alsa  feed ]ll:u\rﬂr [
seulpin ot certain seasons, Numbers of
young sculpin exceeded those of all other
species counted in the polsoning collee-
tions mude in the shallow waters of the
lake in October or November 1953,
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Adults were abundant in electric shock
collections made in April 1952,

Fig. 18, The enly scmlpin In Bear Lake (s grosent im
all depiha.

One hundred  twenty  soulpins,  aver-
aging 3 inches in length, were taken in
309 100-foot net hours nsing % and &
inch mesh; more than 0 percent of the
seulping were taken in the smaller mesh,
From May through October, the majori-
ty of the sculping were in waler more
than 50 fect deep, and a lorge number
were taken in water 175 feet deep. The
y_ru]pin. -.1|1|:::Ln*nll:r spawns in .v'l.pr:il Tl
shore around rocks. After 511:1';1.':|i||p;, i
migrates o deeper water despite  the
fact that no cover exists in the l:l('("[h"l'
areas. The species present is an wnde-
seribedd form of Cothiis, :'1|.-ciigt':m1|5 i
RBear Loke.

Lake Trout

T ﬁ'l'lil-l" af the o ["uilu:nnun Si=
cess and small total cateh of lake trount,
this fish is a prime attroction in the Bear
Lake fishery, The fuct that the Take trout
is taken mrely and that it attains large
size apparently add 1o its trophy value;
however, it is generally renked some-
what below the cutthroat trout in table
appeal.

Only lake trout that were inadvertent-
ly killed in the nets were examined for
life history information, Additional
formution came from fishermen, Henee,
the sample is relatively small, and the
derived From it mst  be

dlita fnbisr-

pn:lnl with coution, Scales of the lake
trout were so difficult to interpret that
amother method of aging was sought.
Crowth marks on 'hun_v structures  have
been used in several cases to age fish,
The HstoTion '|:ri.|.|:r|||'l:n[-.'_r_f_i1l Tinys of the
lake troast had marks that appeared to
be year marks and aging was done by
counting these marks. The marks were
guite distinet and regular, and the num-
ber of marks usually increased in pro-
portion to length of the fish, Complets
verification of the \'IIIi[]iI!"p.' of this ':Lging
method was not possible with the lim-
iteed data available.

The growth rate of lake trout in Bear
Laike appears o equal or surpass that in
several habitats where the species is na-
tive (table 4). All specimens examined
from Bear Lake were in excellent condi-
ton. Spawning areas typical of thoso
used '|'::l. lake tromt in other woters are
p!glrmm*l:r limited in Bear Lake. Boulder
anidd rubble areas extend below the zone
of water Auctuntion and wave action in
::u]u. 3 p|uur\' MNorth and South Eden
deltas and Rich’s Point. Even in these
areas  the rocks are I!I'\:I,I..L“:r' p:!rliull}'
burfed in sand and are abwoys coated
with precipitated marl, In 1854 and
1955, a concentration of lake trout -
peared on the mibble area off South
Eden delta during October and Novem-
ber, and lake trout taken later from the
vicinity were spent; henee, it is assumed
that luke troat were spawning there.

Apparently few, il any, of the eggs
li|:|n-|'|.1.':11'-:J in the like pnuluu: fish  thia
survive (o maturity, Only one lake trout
smaller than 20 inches 1ulli., was taken
by all methods diring the stiely. With
few exceptions, the age of the luke trout
examined coincided with years in which
lake trout had been planted. Since all
lake trout stocked from 1952 w1955
were marked, more information will be
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available when these vear classes return
to the ereel,

The chiel obstacles to a self-sustaining
lake trout fishery seem to be a lack of
suitable spawning area and lack of nurs-
ery grounds for the fry.

Only oceasional  stomachs were  ex-
amined and, as f_'Il'.N‘.‘L'tEIL fish were the
only item found.

Yellow Perch

The vellow perch, considered an un-
desirable fish when small, grows to ac-
ceptable size in Bear Lake (table 4).
The perch fishery exists only at the north
end of the loke in areas adfacent to the
inlets from Mud Lake. Occasional mi-
grants have been taken in gill nets along
the west shore as far south as Swan
Creek, but they are rarely taken on hook
and line there,

Reproduction probably occurs in Mud
Lake, where the shallow water warms
carly in the spring, and where vegeta-
tiom is more abundant thon in Bear Lake.
In early May 1952, lurge numbers of
epg masses were found along the north
shore of Bear Lake near the Mud Lake
inlet. Most of these had been washed
ashore by strong winds. An attempl to
hatch some of them failed.  Probably
these eggs had been carried into Bear
[.uqu Ir_r ﬂ'u.- gnmt 1.nu1|.|||1¢ of water that
Aowed through the Mud Lake inlet
ecarlier that si:lri'ng.

Bonneville Cisco

During a fishery survey of Bear Lake
from 1938 to 1941, Perry (1943) col-
lected extensive life history information
on the Bonneville cisco, For this reason
the present study collected only limited
information, which, incidentally, appears
to confirm Perry’s findings,

Data on nearly 8,000 Booneville cisco
collected by Perry, with the aid of gill

nets, indicsited they seek temperatures
helow 58° F. as the water warms up in
summer. At other seasons of the year
they are distributed  throughout all
depths of the lake. Perry found they seek

=T

Fig. 20. The Bonmeville cisce W fs=nd ealy in Bear
Lake.

the upper regions of the hypolimnion
rather than its colder and deeper water.
He, however, suggested that it might be
a reaction to light, o search for food, or
both, rather than just the change in
witer temperature. The cisco  reaches
maturity during the second or third year
af life. The male fish precedes the fe-
male to spawning grounds during late
January and early February when the
temperature of the water is 36° F. to
35° F.

Age and growth studies indicate that
there is a little difference in the growth
rate of the sexes. Perry attributed this
to differential mortality and errors of
interpretation,  The  Bonneville  cisco
seldom reaches a length of more than 7
inches, or a weight of more than 2
ounces. The greatest growth occurs dur-
ing the first 2 years, and after that the
gruwth rate is low,

Even though the Bonneville cisco pre-
sumably feeds every month of the year,
the principal growth is in June and July.
These Hsh have o relatively simple diet,
The predominant food item at all times
of the year except spring s Epischura.
During the spring months  Bosmina,
Cyelops, and Chydorus are tuken, Both
adult and immature insects are of little
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importance. Changes in lood habits at
different depths were not observed by
Perry.

Bonneville Whitefish

The original descriptions of Bear Lake
coregonids were made by Snyder (1919),
Three species of whitefish in addition
tor the Bonneville ciseo are in Bear Lake:
the Bonneville, the Bear Lake, and the

Fig. 20, The upper Fsh is Coregensn wpilenatus, ihe
fower iy €. williamsoni from the sdjacest
Bear River dralmage. Tho heavier bady, mere
rovmded fing, and darker coleratiom of C.
wilismigni e apparent. Each ipecimen i
mature,

Roecky  Mountain  whitefish  (hg.  21).
Becauge the Bocky Mountain whitefish
is considered a rare migrant from Bear
River, it is not discussed in this meport,

The only species appearing in creels
from Bear Lake is the Bonneville white-
fish. In some years, more than half of
the total harvest is composed of this fish,
Aspects of the fishery for  Bonneville
whitefish are discussed in detail in the
Sl"l.."‘liﬂll an ETEI."I CUTISS,

The usunl spawning time of the Bon-
neville  whitefish  is  early December,
Fish judged to be ripe were taken From
mid-November until early January. The
usual spawning areas appearcd to be
rocky shallows; but in low water periods,
when the rocks are exposed, it is pre-
sumed that Bonneville whitefish spawn
over sandy points, Small females, about
B inches long, contained from 600 to

0 eprs. One S-inch female contnined
1200 eggs. No lurge ripe females were
obtained for egg counts,

Gill netting on spawning areas usually
resulted in capture of large numbers of
spawners between 8 and 9 inches long.
The hook and line fishery took many
spawners exceeding a foot in length,
a size that seldom appeared in the gill
nets. Whether  this E]IH.T{-PM:L'V repire-
sents gear selectivity or segregation by
stze of the spawners s not known, Slight
but consistent differences in appearance
between spawning groups may suggest
races within the species. Briel morpho-
metric  studies of this species, using
mensurements of body parts, indicate a
variety of intergrades. Some individuals
dwelling near stream mouths were al-

most  indistinguishable  from  Rocky
Mountuin  whitefish, which were also
Illi.".m."lll. in the 'l.-'lr:llut'.l This mlggrsts

that many of the dlﬁﬂﬂﬂ;‘l“h hetwweeen
typical Bommeville whitefish and typical
Rocky Mountain whitefish may be due
to environmental conditions as well as

genetie makeup,

Seale studies lead to the conclusion
that the Bonneville whitefish grows at
rates similar to those at which the Rocky
Mountain whitefish grows in the nearby
but unconnected Logan River (Sigler,
1953). A spawning size of 8 inches is
attuined in the fourth year. The 10- to
[Z-inch group, most common in the
creel, are either 5 or 6 yiars ol

Midge larvae and pupae were present
in 52 percent of the stomachs of 65
adult  Bonneville  whitefish, The next
mast common item was o combination
of gravel, sticks, fossil shells, and other
detritus, These were found in 34 per-
cent of the stomachs examined, Miscel-
laneons urlmllic and  terrestrin]  insects,
excluding midges, oecurred in 10 per-
cent of the stomachs, and fish were in
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12 percent. Twenty-one percent of the
stomachs contained small mumbers of at
least one of the following: copepods,
ostracods, whitefish eges, aguatic oligo-
chaeta, or unidentified material re-
sumed to be aquatic olipochaeta, It is
evident that, if the stomuachs exaomined
were  representative,  the  Bonnewville
whitefish is a for-ranging  opportunist.
The midge larvae and aguatic alipechae-
ta live in deep witer, while the remain-
der of the insects are in shallow water
or are terrestrial forms.

Young Bonneville whitehish were com-
miem in % and Einch gill nets that were
set ot depths varying from 40 to 100
fect, Few '_l,.'nung whitefish were  taken
by any method in shallower water, This
t(‘htlunl"r to inhabit ﬂl‘ll.'rp waler r.ll‘l!ll_l.ll'll!.-'
ml:l:tins the compuratively preater suce
cess of this species in Bear Lake than
that enjoyed by the trout species.

Bear Laoke Whitefish

The Bear Lake whitefish was not re-
corded in crecls r]url'ng the study, All
individuals taken in gill nets were from
waler usmally exceeding 75 feet in depth,
The chief features that dlsliugu.isfl thix
spiecies  from  the Bonneville  whitefish
are its larger scales and unigque “roman
o5z, The Bear Lake whitefish is a
dwarf species seldom exceeding 9 inches
in length. The largest individual taken in
gill nets during the study was just short
af 11 inches. This same individual was
efither 10, 11, ar 12 Vs ald,

Mormully, s|um11lng MELTE in walber
from 50 to 100 feet deep during Janu-
ary tinel F-.'-hrun : hioweveer, ripe females
were taken In |:|.le March, This olserva.
tion is consistent with beliel that the
spawning pll'l".hhl for this ,qrm:iu:i 1% much
lesy definite than that of the Bonneville
whitefish, Luke temperatures, at the time
Bear Lake whitefish spawn, are general.

ly 35-30°F, The temperature at which
the Bonneville whitefish spawns is nearer
45°F, Egg counts for S-inch Bear Lake
whitefish averaged 2000 per female,
Ostracods were in 80 percent of 33
Bear Lake whitelish stomachs studied,
but aguatic oligochaets were recognized
in mll:.r one of these stomachs, Uniden-
tificd animal material presomed to be
digested aguatie oligochaeta, occurred in
30 percent of the stomochs, Eighlu:ll
percent of the stomachs contained midge
larvae. An oceasional Bear Lake white-
fish chose to eat fish, copepods, or insects
wther than midge larvae, but these items
were unimportant, These observations,
admittedly limited in scope, suggest a
complete dependence on the soft marl
bottom in d water us 0 source of
food. That is the habitat of the ostracods

and aguatic oligochaeto,

Utah Chub

The status of the Utah chub may be
compared to that of the trout species
in Bear Lake, hltl‘lu.:gl'l the Utah chuls
cannot be considered o successful
cies, becanse of its relatively low total
numbers, individual Utah chub grow to
a larger sive than that recorded For Utah
chub in any other lake in Utah. The
growth rate as determined From scale
studlies is considerably more rapid than
that displayed by Utah chuby in lakes in
Utah where extremely large populations
of this specics are present (table 4).

Reproduction and early growth prob-
ably oceur in Mud Lake, Young adult
fish migrating to Bear Lake from Mud
Lake appear to be the main source of
recruitment for the Utah chub popula-
tion in Bear Lake. The lorgest popula-
tioms of chub were found near the cone-
nections with Mud Lake. No spawning
activities or  sexually  ripe individuals
wiere seen in Bear Lake.
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Food habits were investigated only the dominant item in 3 Utah chub stom-
cursorily. Plant materiul and midge lar-  achs taken from individuals in a large
vae were the items most common in 10 school of chub sccompanying spawning
stomachs examined. Sucker egus were  suckers.
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Creel Census

Rates of Fishing Success, Total
Harvest, and Return of
Marked Trout

HE estimated rates of fisherman sue-

oess for game fish during 1953, 1954,
and 1955, were 0,33, 0.26, and 0.18 fish
T hour, |1-.~.pnl|1.|'-i:.-'_ The rates of suc-
cess for individual specics and murked
groups wually were computed only for
thut prart of the year or for the mothod
of fishing that produced 75 percent or
more of the kind of ish under consider-
whicm.

Although not always strictly compar-
able with each other, some of the ex-
tremes in rates of success are il11l.'r='.=lil'|g.
In 1953 and 1954 during the peak of
the spawning perdod in November and
Dieember, whitefish were canght at the

mbe of 0.53 fish e hour, Yellow p:'rrh
were taken at this same rite during the
first qquarter of 1953, This rate of success
was the best for any |mrtriu‘lrl:] ]h."iilhi
on Bear Lake. Other high mates of cap-
were as  follows:  rainbiow
1955) 036 fsh per hour
cutthroat trout, by boat fshermen (all
months of 1955) 0,056 fhsh per howr;
and lnke trout, by boat Bshermen (late
summer and early fall 1953) 0,03 fish
per hour, The Ih'mn*:al rutes of capture
for species except the minbow  trout
often remadned close to z2ero lor |1|.'ri|nin-
s long as three months during seasons
when Hshermen were least  successful,
The rainbow trout is oot |1t'1|r|_1.' ns S
sonal as other game fsh, and the soe
cess of fishermen depends directly on
the rece noy al o '|1I..L||1 ol [.Hg[t‘ fish. i ish-
ing success of 0,25 or more fish per hour

bure trout

{ summrmier
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may continue for s |::|:g as six months
after o heavy plant of large rainlwow
trout, but it declines rapidly thereafter.
The estimated rmte of capture Tor all
trout in 1955 was 0,125 per hour,

Certnin experie sneed fishermen on Bear
Lake consistently  caoght Hshe  Others
used methods ohv donsly less  efficient,
Thie mast obvious source of widely vary-
ing rates of success during any one pe-

Table &. Estimated total catches of Bear Lake fishery for 1953-54-55

Species 95%
Yeur or Muark Cutch confidence
Eroup limits
1953 All game hish 18,500
Cutthroal trout Mo 1,0
Lake trout None SO0
Rainhow trout MNone 2 R65"
Tainhow trout Adipose only 2604
Rainbow trout Ad. & left pelvic 405*
Rainhow trout A& right pelvie 306~
Hainhaow trout Tagged Lin®
Rainbow trout Tuotal 4,00
Yellow perch Mone 3.500°
Bonneville whitefish None 7500
1954 All game Fsh 12,450+ 8,000
Culthroat trout Nuome 1
Lake trout None 2o
inhaw trowt Mo SO0
Rainbow  trout Adipose only R5*
Rainbow trout Ad. & lefi pelvic 455"
Rainbow trout Ad, & right pelvie an®
Rainbow trout Ad. & left pectoral 450"
Rainbow trout Ad. & right pectoral s
HRainbow trout Ad. & dosal 150"
Rainbow trout Ad. & both polvies a0
Hainbow troul Tageed 40*
Rainbow trout Tota 1.530"
Yellow h Mone L
Honne whitefish Nopo 7 A+ 4,040
1955 All game fish i ES d,700
Cutthroat frout Mone M)+ THS
Lake trout Mo 115+ 80
Hainbow trout MNone A50 - 1640
Rainbhow trout Ardj[h:u- only 0
Rainhow trout Ad. & left :P'-'lﬂc A5+ 20
Rainhow trout Ad. & right pelvic ]
Rainhow trout Ad. & left pectoral 20 145
Hainlaww trout Ad. & right pectoral 30+ 14
Rainhow trout Ad. & dorsal a5+ a0
Rainbow Eroiit Ad. & both pelvics 20+ )
Rainbow trout Ad. & anal 2400 1,320
Rainbow trout Total 3,130+ 1,700
Yellow h None 25+ 20
 Bonneville whitefish None 1,700+ 20

*Limits not computed but, ]um*-tf on 18553 variances, Ihi."'} are assumed to be less than

100 pereent of total citeh indicated,

40 estimated to have been conght in 1952 creel consus, Utah only,
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riod of the year was the Ffact that
trolling From a boat and still fshing from
the shore are both effective methods of
fishing but do not eateh the same species
of fish.

Total harvests for all species were
computed for each year, Fiducial limits
at the 85 percent confidence level were
computed for 1854 and 1955 (table G).
The mest alwions concluson that yearly
tremds might lead one to make is that
it is difficult to predict which species
will contribute most to the total harvest.

There appears to be a eovrelation he-

tween water level and size of
harvest of whitefish, Three years' data
hardly give sufficient proof for this hypo-
thesis. IF it is true that more whitefish
are taken r,fm'i'ng years of high wiiter
than when the lake s 8 or more feet
below basin capacity, the relation is
probably based on greater availability of
whitefish to shore fishermen rather than
on o larger population.

Reasons for Huctuations in the pereh
harvest probably are related directly to
the amount of spring inflow. Fluctua-
tions in numbers of rainbow trout har-

Table 7. Estimated percent of Bear Lake rainbow returned to creel,
(Recorded by individual plants)

Average

Number Date size and FPercent relurned Total
" Mark planted planted range at
time of
planting ‘52 ‘53 B4 33
- fin inches)

Adipose June fl
only 25040 1952 (8-11}) 22.0* 9.3 31 0 H
Adipose & Jume-July T
leit pelvic 1, S0 1853 (4-12) 24 2.7 02 5.4
Adipose & June 5
right pelvie 21,0040 1953 (4-6} 1.7 0.2 ] a.0
Tagged Mav-Oet. 5
fish 3,70 19053 {7-10) 2.9 10 0 3.9
Adipose & June ]
left pectoral 20,200 1554 (7-100) 24 1.2 a.5
Adipose & July 5
right pectoral 16,000 1954 {4-8) 0.2 02 4
Adipose & March T
both pelvies 8,000 1954 {6-8) 06 02 0.5
Adipose Oet.-Nav., 7
& dorsal 25,000 1954 (6-5) 0.6 0.4 1.0
Adipose July-Aug. a5
& anal 12,000 1855 (5.5-14) 20.2 20.2
Total 125,600

A.7% of all marked fsh planted returned during project.

*This figure was derived by assuming o Hu.hinﬁ pressure for the Idaho half of the lake
til-ltinnu:::r first year when the creel consus did not include that part. It is probably an
overestimale,
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vested result from Huctuations in the vol-
ume of legalsize or larger plantings.
The Slt'tl.-rj}' decline of the lake trout fsh-
ery is probably caused by lack of nat-
wrtl  recruitment  and  depletion  of
stocked fish, The relative slul‘lilit}' af the
cutthroat trout fishery appears to indi-
cate o small but constant recruftment
rute. The harvest of trout [Er aere on
Bear Lake during 1955 averaged (L0B,
The low rate of harvest on Bear Lake
is not due entirely o a low productivity.
Until fishing pressure on Bear Lake
reaches 4 point comparable to that on
other large lakes, the real productivity
of the lake will be in doubt. It is entirely

possible that a fourfold increase in fish-
ing pressure would not noticeably  de-
press the rate of success,

The percent of planted rainbow trout
returned to the creel is perhaps the most
important part of the ﬂn:lings {tahle 7).
No marked lake trout or cutthroat trout
were returned to the creel. The lack of
marked lake trout in creels was to bo
expected  since  they  had  wot  been
plinted in large numbers until 1954,
The ten thound B-inch cutthroat trout
planted in July 1954 had not yet ap-
peared in the fishery at the end of the
study. If we consider the harvest from
1846 through 1955 to have been 1200

Table 8, Cutthroat trout planted in Bear Lake, 1939-1954

Planting Numher Length (inches) Fin elip
1EKRE, Oet. 404, TH 1% None
168, 115860 245 None
140, Aug. 258 TGS 1 MNone
164D, Sept 126,820 1% MNone
1840, June H0, 102 5 None
1841, Aug. 434, 500 1'% Mione
1841, Sept. 20,000 2 None
1841, Oct. 7000 1% Nonie
1942, Feh. 50,000 2 None
1942, Sept. 430,450 1 None
18543, June 30,2000 1 None
1943, July 17,700 1 Mo
1943, Aung. 7,100 1 None
1843, Aug, 18,320 1 None
1944 507,000 3 None
1945 361,000 3 None
1946 GR3, 000 3 None
1947 M, 00 3 None
1948 575,000 a None
1945 4400 3-5° None
1949 T 3-8° None
1850 55,000 3 Nane
1950 20,000 3.5* None
1451 20,000 3-5* None
1952 26,000 3.8 None
1853 3 Nome
1953 w 3-8 Adipose and left pelvie
1853, Mar, 1,000 24 Adipose only
1953, July 1.0 5 Adipose and left pelvic
1854, July 10, (00H 3 Adipoxe and left pectoral
*Majority 5 inches or less.
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citthroat trout per vear, as was true for
1953 and 1954, the total harvest for the
1']-}'1.'|.'lr pl'r'inrt seonialed b 10,800 fish. Dur-
ing that perod, about 2,100,000 cut-
throut trout, rmnging in size from fry
tia |rg|.1t-si?.1:, W Fhmtﬁl in Hear Lake,
A returnm to the creel of one-half of |1
percent of all cutthroat trout |1|||Tilt'r]
may be computed from thess figures §f

soiivee of recruitment, The mildest state-
ment that can be made about the cut-
throat planting program is that it ap-
pears to be uneconomic (tables 8,9, 10),

The return of marked rainbow  trout
averaging less than 8 inches is without
exception less than 1 percent, No
marked rainbow  trout shorter than 4

inches were planted during the  study.

it is asswmed that there is no other  Groups averaging 8 or 8 inches long con-
Table 9. Lake trout planted in Bear Lake from 1940 through 1955
Length  Year
Flanting MNumber {inches) Fin clip class
LG40 { Jume) 19,524 1] Mane 14938
1940 (July) 228,120 3 MNone 1940
T (A, LHR 3 Mone 1940
1941 (Apr.) 19,200 5 None 1940
1941 (Juame) 20,001 1 Nane 1940
1947 3,500 37 None 19486
(EE L 4,570 G-10 Mone 1947
1940 (ELE T-11 Nong 1645
1952 (Summier) 1,500 7 Adipose only 1852
18953 (Summer) KMy 7 Adipose only 18953
1954 (May) 5.500 75 Adipose and
left pelvie 1953
1655 15,000 T.08-11] Adipose amd
anal 1954
1955 16,000 G.0{4-H) Adipose amd
anal 1854
1055 4,500 10 Adipose and
right pelvie 1954
Table 10, Theusands of salmenids planted in Bear Lake — 1933-1938*
Yoar Kokanee Brook trout Lake trout
1833 43,3 214 442 BDA4
1934 1582 878
115 244
1936 124
1937 05 512 45 50 THE
1638 65 240 a7 50 1

*In 1833 and 1934 there were 61,491 landlocked salmon of 2-inch length.
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tributed less than 5 percent of  their
|L|.lll|.l.'l:| numbers to the crecl. Two hand-
picked groups of minbow trout having
many 11 to 12-inch individuals returmed
35 percent and 20 percent ol thedr nuim
bers to the ereel, The group contributing
a5 Iu'rl;_'\('ul WS |'-|:||Lt1-rl in 1952 |'|:l.' Utah
1.1.'|||'t| |!|1' CFnSiis Wis hrEIl[: |.'|.'|1|1|l|1,'l1.'li|
on @ Hmited scale on the Utah side af

only a rough estimate and is subject to
1,|:|:|,.|]|-[. The 20 |_'||::||'|'h1 rerbirm camde Vo
a |'|-|.|I|r of 12000 rminbow trout made
in 1955, a season when numerous inber-
views were taken, Confidence limits Tor
this harvest at the 85 percent level equal
11 to 38 percent of the total ]'l|.|rI1 Even
thie upper Hgure represents o poor re
trn when |_'ur|||:i|||:'1l to thiee G0 o B0
returnms  from small  bodies  of

the lake only. The 35 percent return was — percent
6o | GUTTHROAT TROUT
43 FISH
40
20
=
T Y= 20
o
e
a eo YELLOW PERCH || BONNEVILLE
64 FISH WHITEFISH
Z a0 241 FISH

20

19 20 30

FREQUENCY
o

&0 LAKE TROUT
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40

20
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o 20 30
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Fig. 22. Length irequascies of fish (n ihe creal during 1842-52.
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water that have a heavy fishing pressure
{ Hrp:rnliml, 1952),

The unmarked rainbow trout in the
Bear Lake creel probably came fromn
plants totaling about 44,000 legal-size
fish planted in 1951 and 1952, A partial
creel census conducted on the Utah side
gives basis for o rough estimate of 5000
trout per year for 1951 and 1952, Ex-
perience from the combined ereel cen-
sus was used to make an estimate of the
Idahe catch as compared to the kaown
Utah catch for those years. When the
estimate  of unmarked minbow  trout
caught in 1951 and 1952 iz added to the
estimated harvests of 1853-55, an est-
mated total of about 9,000 stocked un-
marked rainbows was caught during this
period. This represents o return to the

o £D 30 it
LENGTH GROUP IN INCHES

30

Length frequentcied of fish in the croel during 1954,

ereel of 20 pereent of the ariginal plant.
Since the most optimistic lgures were
used in estimates whenever there was
any doubt, this is a maximom figure.

Size of Fish in Creel

The one feature that brings fishermen
back to Bear Lake time after unsuceess-
ful time is th klum"h:l[ﬂr thit the few
irge  lake trout and  cutthroat  trout
tuken are in excellent condition. The
majority of the lake trout taken exceeded
24 inches in length, one approaching 36
imches in length was recorded, The most
Frequent size of cutthroat trout s from
17 to 19 inches, but several individuals
hove excecded 24 inches, Rainhow trout
are often rather thin, and individuals
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known ta have been in the lake for three
years did not exceed 15 inches in length.
The yellow perch, in years when they
entered the Hshery, averaged 11 inches
In the Full of 1952, several perch weigh-
ing more than 2 pounds were caught in
one day where the outlet canal enters
the pumping station at Lifton, The aver-
age length of whitefish in 1954 was 10
inches, in 1955 it was 12 inches, White-
fish weighing 4 pounds have been re-
|J-n-rh."|.{. but the interviewers recorded
few fish that exceeded 2 pounds (hgs.
22 23 24),

Numbers, Residence, and
Expenditures of Fishermen

The estimated numbers of fishermen
on Bear Lake declined each year of the
ereel census, In 1953, it was estimated
that 12,000 fisherman days were spent
on the lake; in 1954, the estimate was
10,000, and in 1955 9,000, Although

these differences are not statistically sig-
nificant, they appear to be real. The de-
erense in total nomber of fshermen in
1954 compared with that for 1953 is
thought to be associated with o decline
in the quality of fishing caused by a drop
in numbers of rainbow trout and yellow
perch in the lake. The lower pumber of
fishermen in 1955 Ay hiave resulted
from these cavses plus a long period of
ice cover that was not present in 1953
or 1954,

The most intensive Ashing pressure oo
curred during May and December of the
years of creel census. It is estimated that
less than 20 percent of the total amount
of fishing pressure occurred in the
riod between June 1 and the end of
September. This period of low fshing
pressure is thought to result from the
poor summer fishing in Bear Lake com-
pared to that of other nearby lakes hay-
ing open seasons at the same time. Fish-
ing pressures on Bear Lake never ex-
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eceeded 0,17 fishermen per surfnce nere
1'“.'!' 11.-'1'::|r l'JIlI'ng ﬂﬂ}' }"EE.I' u[ CUTIAES.

The creel census data indicate that
alwowit 70 percent of Bear Lake fisher-
men live in Utah, and almost all the re-
minder come fom ldabo, Most of the
Utah residents live in Cache, Weber,
and Rich Counties; nlmaost all Idalo resi-
dents are from Bear Lake County. Fish-
ermen from states other than ldaho and
Utah are rare,

A record of individual fisherman ex-
Pl‘III.'.“IIII‘l:'.E was made in 1953, The fish-
ermen  interviewed  were  asked  how
much money they had spent on several
items since the last time they had gone
fishing. The average of the amounts
spent was considerad a fuir estimate of
the average expenditure per fishing trip
for the items asked about. Mo attempt
was made o sel confidence limits to the
values,

The estimated  average  expenditure
por fishing day was 3000 This was
divided among ‘the following items com-
mon to fishermen: fishing gear, $4.63;
baats, baiats, trailers, camping gear, and
gsimilar items, 50 conts; license, 33 cents;

mils  and Il:ln']giug. G35 cents;  travel,
$2.63; and such miscellaneous items as
cigarcttes, film, and liquor, 35 cents. It
is apparent that few of these expeditures
wire made near the lake and that fisher-
men contribute relatively little o the
general economy of the immediate area,
The two largest expenditures, those for
travel and fishing gear, are probably
made by most fishermen in Logan, Og-
den, |.I.m] \qul:lrc]Er.'r.

TI:I.'. vstimated  total expenditure by
fishermen on Bear Lake for 1953 was
S108.000, or 3150 per surface acre
This cain he compared to the 1952 esti-
mates of $82.00 and $253.00 per sur-
foce aere for Navajo and  Panguitch
Lakes in southern Utah. These lakes
bave un excellent Rshery during the
tourist season, whereas Bear Lake usu-
ally has its poorest fishery in the warm
months.  Fishermen at  Lake Pend
Oreille made :mn-l;':l.[:-ihll ll:l;[hl.ﬂr.ll'tmra
amounting to $40000  (Stross 1953)
which may be compared to a total ex-
penditure on Bear Lake, minus capital
expenditures, of about $12.(400,
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Management

EGULATIONS on Bear Lake as to

time, gear, and creel must continue
to be liberal. All evidence points to the
fact that only a small percent of the
1‘Jri|'l1t||.1l:iﬂn of any species is harvested.,
A rather large part of the fsh actually
die of predation, disease, old age, or
other canses. Closures of arens should
be kept to a minimum, and at no time
should the |ﬂ'|.i|:15nlﬂ1}' of closing the lake
for a period to “let the little fish grow
11;1-" be allowed to stand., The rate of
success for the Bear Lake fishery prob-
ably will continue to be low. One point
must be kept in mind; this relatively low
rate of success is not atypical for many
infertile lakes of its size in either the
United States or Cuanado, Considerable
evidence indicates that average (Inpth
and length of shoreline have a strong
influence  on  productivity  { Rawson,
1955) . The average depth of Bear Lake

(100 feet) is much greater than that
of most of the productive western lnkes,
and its shoreline distance (48 miles) is
exceptionally short for its water area of
more than 100 SOjuELre miles,

The lake trout, because of its lirge
size and uniqueness, continues o be the
prime attraction for Bear Lake fisher-
men. The lake trout probably contributes
about half as many |'Hr1|||:l5 tor the creel
as the cutthroat trout. Stocking of lake
trout should be continued as |I1-r|:|.'_ as it
can be dong within eoomomic limits, al-
though lake trout are becoming hard to
get. Present information has not estab-
lished what size is most ecomomical 1o
stock; however, it appears that lake trout
should be at least 7 inches lomig, anid
preferably 10 inches. Probably informa-
tion gathered from the marked loke trout
stocked during this study will supply a
basis for millcing future shu-Hug |TIIIiL"|1.'!i.
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Lake trout, or any small fish, should be
well scattered, preferably from a plane
or hout.

The return of minbows, even those
stocked when they are legalsize or
larger, is disappointing. Fishing pressure
has been pri'mn.rﬂ:r in late fall and in late
spring. It is believed that the most eco-
nomical returns come from plantings of
Weineh o larger rainbow  stocked in
June, These fsh increase the summer
fishery, which is now the poorest of the
year; they also help the fall fishery. It
appears uneconomical, even under these
circumstances, to stock large numbers of
rainbow unless either the fishing pres-
sure or success and the resulting higher

tuke are increased several fold.

It has been pointed out that, in spite
of repeated stockings during the past 35
vears, notive fish still dominate  Bear
Lake. This is particularly true of the out-
throat trout, which grow to a size of B
to 10 pounds and provide most of the
larger size fish in the creel, except for
the relatively few like trout. Since out-
throat trout live for several vears in
Bear Lake, as |:|1|'J-mr& to rainbow trout,
muny of which do not, they are much
more likely to grow to larger size and
e more tiltt‘l:r tin be ex to severil
years of fishing pressure. An additional
benefit is that the difference in the size
of the cutthroat trout between stocking
and eaptore is often several fold, How-
ever, when the cost of cutthroat planting
since 1946 is compared to the value of
the estimated harvested since 1948
(same rate as present), it is apparent
that planting cutthrost is expensive even
when their large size is considered. It
should be reiterated here that even if
the density of the cutthroat trout popu-
lation were materially increased, shore
I'i_rJ‘H_men wionld Frnh:lh!:.' not q::;pw.ianm
u notable increase in success. The pres-

ent cutthroat trout population (1951-
1955) has only been slightly exploited.

A few kokanee were in Bear Lake in
1954 and 1953, Thq.' W i:ll"lg‘illl.l“}'
imtroduced in a series of plantings made
between 1933 and 1938, Results of these
carly plantings are not encouraging. Ap-
parently, the kokanee rarely grow io
lirger than 8 inches in Bear Lake, and
relatively few have survived o repro-
duce. However (if the kokanee should
become established and grow to o size
acceptable to fishermen it would be a
fish that does not compete for critical
food and, from o table and sporting
standpoint, it is desirable, A large plant-
ing of kokanee fingerlings each year
might produce o substantial fishery,

Yellow perch in Bear Lake reach a
size quite acceptable to fshermen. The
perch fishery is confined almost entirely
to the area near the pumping station,
When conditions are right, the perch
spawns in the early spring on the aguatic
vegetation in Mud Lake; if the water
movement is sufficient to carry  these
young fsh into Bear Lake, a substantial
fishery is produced that may last for one
or two years. Little can be done to im-
prove the perch fshery; rather, it is
merely something to be used when it is
available,

The Bonneville is the :ml:.- one of the
four whitefish taken with any degree of
regularity on hook and line in Bear
Lake, None of the other whitefish can
be harvested effectively except with o
gill net. The two smaller whitefish, par-
ticularly the Bomneville cisco, are used
extensively as food by the lurger trout
and presumably, to some extent, by the
Bonneville  whitefish. The Bear Lake
whitefish rarely grows longer than 10
inches, und does not move close enough
to shore to be within reach of fishermen
(it seldom appears in water less than



75 feet deep), It seems to have less in-
clination than the Booneville whitefish
to take a hook. The Bonneville cisco is
absent from the sport fishery, possibly
because of its small mouth, The Bonne-
ville whitefish is so0 abundant that there
is no evidence that the fishery depletes
its papulation at all. This Hsh should be
usedd more freely than it has been, and
fishermen should be t!m;ﬂumgm;l, Pnssi—
bly through education, to use it more.
Both the food value and palatability of
smioked whitefish are high.

The Utah sucker, the carp, and the
Utah chub do not contribute to the sport
hishery. Since there is mo commercial
fishery, their only benchit to the sport
fishing is whatever their young contrib-
ute to the diet of game fish. This con-
tribution certainly s not important, and
limited evidence sugpests that  their
vilue is, at best, neutral, Possible preda-
tion on game fish eges bears further in-
vestigntion. A substantial number of the
yvoung of these three fish drift in from
Mud Lake in years when the spawning
conditon for them is oplimuam, ancd
when there is an adequate flow to carry
them inte Bear Lake, It is possible that
a period of several vears of high wuater
and optimum conditions could create a
condition in which one or all of these

fish would actually have a sedously det-
rimental effect on sport fishing, 1f this
shild ever occur, then it waould
desirable to use commereinl methods to
reduce the population. At present the
problem is not eritical.

From time to time, habitat improve-
ments have been suggested for Bear
Lake. One of these includes a series of
100 or more enclosed nspen pole cribs
filled with brush snd native hay. These
eribs would fncrease the nutdtive valoe
of the water in their immediate vicinity
by producing limited additional 2o0-
lﬂunl:lnn which, in turn, would attract
small fish; and these, in tum, attroct
larger fish to the area. In the midwest
and eastern United States these devices
have been used successfully to concen-
trate legal-size fish. Since cover for in-
vetebrates and small fish is so sparse in
Bear Lake these shelters moerit serions
comsideration. It has also been sugpested
that if large rubble areas were to be
created on the east side of Bear Laoke,
between North and South Eden, lake
trout might reproduce more successfully
than they do at present since most of
that area is covered by silt, This type of
improvement would protect cggs and
small fish, but it would be cxtrmm:ly ex-
pensive,
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Materials and Methods

Populations

ELATIVE distribution,
and length frequencies of the fish
studied were determined |1-r|'|!14|:|"||}' from
collections made in 1952 and 1953 with
bottom-set gill nets,  These nets were
25 feet long by 5 leet deep, and were
made of :1.:v||:|||. They had five 25-foot
J‘I:'llll‘l!; each p.mu] g different size af
nylon mesh. The mesh sizes, by bar
measure were 5, 1, 1%, 14 and 2 inches,
Sets that were analyzed for rate of cateh
per unit of netting effort were made For
m.*t'rrlighl ;wri:xh averaging 16 hioiirs

Sampling was done during all seasons.
*

abundanee,

Records of gill net collections made in
1838-42 were made available by Dr.
Stilliman “’t‘ig}rl of the U, 8 Fish and
Wildlife Service. The type of net used
by the U. 8 Fish and Wildlife Service
was comparable to ours but was made
of linen instead of n:.-'lurl. Briel compari-
sons of the l?lﬁl,‘[l'lb['}" al |1}ltnn amel linen
sets made by the writers did not show
any great difference,

The unit of netting effort on which
citeh rates are based is the 100-foot-net
hour. Use of such o unit requires the
assumption that one unit of net length
set for two units of time is equally as
effective as the converse., No evidence
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1o the urrllra::.‘ was  dliscovered in the
cateh records.

Opinions on relative  abundance  of
species in gill net colleetions are based
on mates of capture, However, without
knowledge of species movements it is
impossible to separate the evidence of
abundance from degree of movement,
In other words, greater activity creates
the impression of greater abundance be-
cause this II.L‘ﬂ‘ﬂ'I}' increases the cateh.,

In presenting Agures on relative alum-
dlance, it is assumed that pu]mhltiuns ol
individual species are static. This is the
same as saying the total mortality and
total recruitment equal each other during
the period of collecting. Presentation of
length-frequency  information, obtained
from collections made over an extended
prfiﬂtL assumes the l'l:rugning |'|||u. |-|]qu
mortality and recruitment for individual
size groups, Such assumptions are un-
doulbtedly |'.H|I'Hn“lr inaceurate, but it is
improbable that any great  population
changes did oceur without being noticed
in net collections.

Spot checks with the same nets were
tuken in 1954, 1955, and 1956 to deter-
mine the degree of consistency existing
among sets made under comparable con-
ditions. These later collections led to the
sume opinions about relative abundanee
and distribution as did the earlier data.

Gill netting with the nets suspended

above the botom was done o gain some
idea of the density of species moving in
this strotum, Approximately 200 hun-
dred-foot net hours of effort were spent
at several positions between surface and
hattom. H:rfi“ﬂ_-.r, the method used con-
sisted of suspending nets having neutral
buoyancy on lines hung from two large,
Hrlnl}' pﬂﬁil[ﬂllnl flesats {“g. 25).

In addition to the data om mid-water
sets made with experimental nets dur-
ing the recent inevstigation, dita were
available on the mid-water distribution
of ciscoes as  determined by  Perry
(1943) from nets having %-inch mesh,
Additional resalts of 188 hundred-foot
net hours of effort at several mid-water
positions with 2-inch mesh in 19358-42
were also considered when urul].:omi]]g the
distribution of Bear Lake Rsh,

To obtain an estimate of the F'”P“E"'
tion of small fish in deep waters, 309
hundred-foot net hours of sumpling were
done in 1954 with nets having equal
panels of %inch and %inch Japanese
nylon mesh, The threads of these nets
WETe mnﬂdcmb]y finer than those in
any domestic mesh,

Ta determine the choracteristics of
the fish population of shallow areas close
to shore, several other collecting methods
were used, Spot poisoning with rotenone
in three typical shore cover types and
mouths of two creeks was the chiel

Fig. 25. Moty suspendad 1o take fish &t differeal bevels
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source of data for populations of small
fish, Seines were used mostly (o cateh
Utah eliub and carp o obtain life his-
tory materinl, but seining also contrib-
uted to the knowledge of the fish popu-
lations, Two lake shore collections were
made by electro-fishing with 5 kilowatts
of direct current at 240 wvolts. Several
daylight gill net sets of short duration
wiere made in less than 5 Feet of water,
These sets are considered atypical and
are not included with the primary data,

The results of 28,3758 hook-hoors aof
set line hshing in 18389-40-41 and 5000
hook-hours in 195253 are Prl“ﬁl’l‘llll‘d
uniler the ereel census discussion,

Fish populations in tributary streams
woere sampled by electro-fishing with 5
kilowntts of direct current af 240 volts.
Statements on relative abundance  are
based on observations at wenty 1/ 10-
|nl|Lr stntions l.'lmTllin:rd tlll:rillg llul |mri{h:l

1851-14854,

Life History

Lifi hi!tl]’l’_!." dati were collected when-
ever possible, but such collections were
incidental to l.LIIr'.']III,r ot ﬂl:. main ol
jectives, Life histories presented in this
study are not complete, wnd some are
based on small sllmph's. Effoits with the
first trawl were unproductive, presama-
bly becanse of its small mouth, The sec-
ond trawl was similar to one nsed in the
Great Lakes hshery jnvestigation, and
was considered successful, but we used
it only o few tmes, Tts heavy iron frame
made the net so combersome  that it
conild be landed omly on a sloping shore,
It is believed the use of a smaller light
weight frme would make this equip-
ment more useable, These data are pre-
ented as interim information until more
eomplete information is gained, An ex-
ception to this is the abundant body of
data on the Bouneville cisco available

in the graduate thesis |1:-.r L. Edward
Perry (1943),

Iovestigntions of the food habits of
battem feeding Bsh and of bottom fauna
are now under way.

Scales were used to determine A and
growth rates for all fish except lake tront
and carp. The posterior branchiostegal
ray and opercular bone, respectively,
were used for these species. Data were
obtained from fish collected by all meth-
ods mentioned and by hook and line
{fishermen creels). Empirical body-scale
relations are, for all practieal purposes,
linear,

Food habits of carp were determined
from contents of seine collections. White-
fish stomachs were obtained from  gill
vet collecHons,  Statements about trout
food habits are based on examination of
stomiach contents of fsh taken by hook
and line,

Creel Census Methods

The creel census may best be de-
seribed as a concurrent fsherman count
and interview program designed to vield
information on total fshing pressure, re-
turn of marked fish to the creel, hisher-
T SHCoess, sp-ncimi n'lmpusilinn af the
creel, and life history data, In addition
to the foregoing eategories of informa-
tion, data were collected on best hshing
methods, best times of the year to fish
For the various species, and the economic
impotunce of the Bear Lake fshery.

FiﬂlillL [rressure, in numbers of fish-
ermen  present,  was  determined by
counting on u stratified, random sched-
ule, Counts were made on each of two
weekdays and one weekend day per
week, Weekdays on which counts were
to be made were chosen randomly every
twio wll'f:]ts; thn ﬁ.r,qt \.l.'m_-]-:pnd dn}l nni}'
was randomly selected and the remain-
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nately. Counts were made once during
ing ones for the year were taken alter-
quarter-day  periods  randomized  inde-
pendently of the days in a manner that
insured that four Hmes of day would be
sampled in any four days. The length
of the possible fishing day was based on
the daylight period rather than the legal
day, since previous experience with the
fishery indicated that the heaviest pres-
sure occurs at times of the year when
the weather is too cold to encourage
early or late fishing,

Actual counts were made while driv-
ing along the road that parallels the en-
tire shore line, All fishermen were visible
from this road. Boat fishermen could be
eounted  as  individuals  because  boats
seldom ventured more than a few hun-
dred vards off shore.

Interviews were made on count days
and on additional days when necessary.
In the years that the census was con-
ducted, the following approximate nim-
bers of interviews were taken: 1853,
300; 1954, T00; and 1955, 1200,

During the 18953 census, detailed in-
Formation was collected about Bsherman
wxpenditures and types of tackle used.
This was not done in the last two years
because of the relatively small number
of interviews that could be made when
such detailed questionnaires were vsed.
During 1954 and 1955, most of the in-
formation was gathered by direct obser-
vation by the biclogist rather than hy
ipuestioning the fAshenmen, In faet, the
only questions asked were the hour
when the interviewee started to fish and
stute of his legel residence, Method of
ﬁshing_ ereel nm'npm'il'inu_ size of fish,
number of marked fish, Hme and loca-
tion of interview, and bait used were all
recorded as observations of the inter-
viewer. It is believed that this practice
produyeed data that were much more re-

|

linhle than data guthm‘t!rl h:..r chirect ques-
tion or mailed questionnaire. This is he.
cuuse o small but statistically reliable
:ilun[ﬂu 11_',-' a competent !liulngi:! is better
than large ameounts of ansubstantiated
data from laymen,

The final product of analysis of each
category of data collected in the feld is
an average. All BYCTNEES are auhjﬁ:r o
error, and may be suspected of not rep-
reseniting the trie average for the entine
group, which was only sampled. The
most important averages, therefore, were
subjected to statistical analysis to deter-
mine maximoum and mindmum valoes be-
tween which the real average would oe-
cur 95 percent of the time. The aver-
uges consldered most important were the
average number of fsh canght per hour,
the average number of the more namer-
ous species and groups of marked fish
enught per hour, and the average num-
bers of fishermen present on count days,
The I'{m:rgnfrl;_ AVETAZES were determined
soparately for each season of the year
and for categories of fishermen (hoat
and shore) in which inspection of the
data indieated a fishery -of unigue at-
tributes when compared to the remain-
iler of the data. This procedure was nee-
essiry o prevent serious  errors from
entering the final estimates. The errors
minst iihely to b introduced were those
cansed by differences in the proportion
between mumber of interviews and total
number of fishermen present and those
caused by itppl}rillg stutisties for periods
other than those during which certuio
spectes of fsh were canght,

Thie total harvest of any group of fish
was compubed by application of the fol-
lowing formula:

Aﬂ'mg}: mumber of  fshermen
counted x lish eaught per hour x
the total number of d:l.fllghl



hours available in the period
eonsidered,

The procedures for setting limits to
the mean and weighting means and
variances of strata or divisions within the
data are from chapter 17, Snedecor
(1948}, A brief description of the pro-
cedures as applied to the creel census
data is appropriate here. Neohold and
Lu (1957) discuss a similar approach,
but they treat the variance more in-
tensively. The sum of squared deviations
From the mean rte of success differs
from the usual sum of squares in that
each devintion squared is weighted by
the number of hours fished by the fisher-
man having each rate of success. The
varianee is then computed by dividing
IJ-:" the numhrr -r.lf |'M'n|rs rutl'm'r t'h.rm h-:,.l
the number of degrees of Freedom, De-
grees of freedom are the number of in-
I-nrvir:ws. Varfance of the mean and
standard error of the mean are computed
in the normal manner using the real
number of degrees of freedom o com-
pute the vadance. The vardance of the
mean product of the average fisherman
count multiplicd by the averuge rate of
success  (fsh caught by all fshermen
during an average duylight hour) is sim-
ply the sum of the squires of the co-
efficients of varintion (of the means) of
the two factors. The standard error of
the mean product is, as usual, the square
root of the variance of the mean product.

The distribution of individual cateh
rates and numbers of fishermen present
both departed noticeably from the nor-
mal. This skewness did not offer any dif-
ficulties to !N'H.HI:IE limits to the means
of proups, for means of sumples from
almost any type of distribution are them-
selves distributed nnn'nu"'_h'.

The exact t value to use in the final
harvest estimates was not determined

casily since the degrees of freedom were
not pooled. 1t is felt this is not a serious
consideration in creel census work since
the difference between extreme values
of t for individual strata of the data is
seldom great. The exact confidence level
at which limits are given is not known,
but it appears impossible for it to be
more than 1 or 2 percent on either side
of the 95 percent level.

The body of data as examined at the
end of each year seemed to indicate
that by improving the sample in any
single category a marked improvement
might be made in determining the lim-
its of the final estimate; but the category
that showed the greatest variance
changed from year to year, The only
conclusion concerning an improvement
in the estimate that con be drawn ot
the end of the study is that to be sure
of a definite narrowing of the confidence
limits one should increase the nomber
of  samples  (counts  and  interviews )
taken during Hmes when fishing pressure
is obviously greater than wsual. Such
times must be determined by immediate
experience, for they cannot be predicted.
If the variance remained the same from
vear to year, it could be shown that
doubling the size of each sample would
result in an increase in accuracy of the
estimate of the total harvest of fish by
about 30 pereent.

Limnological Methods

Physical

Temperatures were read from o Fox-
boro electrical resistance thermometer
using o graduated cable and from Bathy-
thermograph recordings.

Turbidities were determined with a
Hellige turbidimeter.

A few trunsparemcy readings  were
made with a Secchi Dise. Suunﬂfng.-i
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were made with the graduated ther-
mimneter cable and with praduated lines.
Soundings were Joeated by triangulation
with a sextant. The contours were later
checked and  adjusted from  bansects
made with a recording fathometer,

Chemical

Chemieal  determinations by project
personnel utilized methods described in
Welch  (1835) with the unmodified
Winkler method for oxygen. Water sam-
ples were taken with 1- and 3-liter Kem-
merer water samplers.

Biological

Bottom samples were taken with o 6-
inch Ekman dredge and washed through
a number 30 sereen, Zooplankton col-
lections were made with a small Wiscon-
sin plankton net of no. 20 silk as de-
seribed by Welch (1935). Quantitative
counts were made on | milliliter sam-
ples obtained with a piston pipette.

Phytoplankton water samples were
callected with a 3-liter Kemmerer water
mmplur. q.n& n:nr:tmtru'tl!d with a Foerst
plankton centrifuge (15,000 revolutions
per minute) and by membrane flter,
Samples of the concentrate were counted
in a harmacytometer,

Analytical Procedures Used
in Zinc Analyses

Department of Agriculture, Soils Labora-

tory, Utah State Agricultural College
Three different sets of samples have
been analyvesd during this time. The
first method need fnvolved the Zincon
color development. Fincon is o trade-
pame  chemical sold I::Ev the LaMotte
Chemical Company, Excellent repro-
duction of the s curve wag ob-
tnined with Zincon. The problem, of
course, wis removing  interference—in
other words, folating the M:lgr o b
mm. This was frst done using
dithizone in rather concentrated solu-
tlon, as suggested for analysis of plant
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m:ilerhl by I"arhl..:}:"l!mlih in Anlﬂmrinli
nmd Engineering ry, Analyticn
Edition, August 1043, pp. 527”-53:3,
The original sample was extracted with
dithizone st pH 85, Zinc was sepa-
rated  from 5 carbon  betrachloride
phase from  other heavy metals h)I'
shoking with 50 ml. A2 norma
HCL tor c'x.n.ctlif two iminutes.  After
entraction, the HC1 was by
evaporation and zine determined, wsing
the Zincon reagent. i

Since values obtalned by this meth-
]l were oot of the same order as those
reported  earlier for both  the Lake
wiler and  adjicent  streams, another
i was used, It i described i
“Standard Methods for Examination of
Water, Sewage, and Industrial Wastes,™
temth edition, 1955, Published by the
American Public Health Assoclition,
Inc., ITO0 Broadway, New York 19,
M. Y. The mono-color method is de-
seribed on pages 215 w 217, In gen-
eral, values obtoined with this met
are soanewhat  Jower than  those ob-
tained with the previous method. Fair-
Iy good duplication of the standard
CUrve Wik o e bz, bisd u'll}umi;’n
it was not as good ax with the Zincon
reagent, Standards were run in two dif-
ferent ways; by adding zinc 1o re-
distilled water and running  standards
through the sume a% wWing 1
on the zamples, and secondly, by di-
rect development of eolor on given
gquantitivs of standand  zine  solution.
Three different zine standord solutions
were prepared; two of them from ele-
mml.ur gine and a third from zine sul-
fate. The standards all agrecd.

Fiehl samples were eollected in bath
soft gliss, pyres glass, and polyethelone
bottles, They were brought to the lab-
oratory without the addition of HC1,
andl also with the addition of HC1 at
o rabe of o simotely 10 ml. of con-
centrated 1 E‘Ppﬁ' liter of water. No

t dilferences were found  between
the umounts of zinc oblained from the
acithuloted and the non-acidulated sam-

[+
Recoveries of added zing to the
water  samples  have  been
Amounts of wine varving from .01 to
mg. have 1" to samples
to test recovery.

l}v[,mrhnf::lt of Agrinlltum, Plant, Sail
and Nutrition Laboratory, Ithaca, New
York
The determination wns made on
three liters of esch water sample. After

i



ovaporation  to drvoess,  mullling o
500 C. for two hours, the sunples
received  hydrofluoric-pereblorie  acid
treatment in platinum  dishes,

An alkaline dithfzone oxtroction o
pH 85 followed by an acid extroction
{02 8 HC1) was used to separate zinc.
The actual determination of zine was

diethyldithiocarbamate s o complex
former with zinc to reduce somowhat
the color intensity given by dithizone,

During the alkaline dithizone extrac-
tion st pH B35, the Bear Loke sample
gave an orange to red-orange color and
wis rich in o complesing element sinee
four extructions were pevessary (o re-

done by measuring the concentration
of zine dithizonote in carbon  tetro-
chloride (colorimetrically) wsing sodivm

move the element.  The complexing
cloment s unknown ab this tme,

Check List of Fish in Bear Lake”

Common nome Seclontific nome

Mitive Rsh present i Bear Lake:
Culthroat trount (nutive)
Ronneville edseo (peaknose)
Rocky Mountain whitefish

Salmo clarki¥ Richardson
Coregonus gemiler Snyder
Coregonus willinmsoni Girard

Bonneville whitefish Coregonus spilonotus Soyder

Bear Lake whitefish Coregonus  abyssicola Snyder

Utiah sucker Catostomus arden Jordan & Gillbert
Smullfin redside shiner Richardsonius halteatus hyvdrophlox Cope

Utali eluibs Gila atraria Girard
Carrington’s dace Rhinichthys osculus camringtoni Cope
Seulpin Cottus species (undescribed)

Native fish presumably estinet:
Utah eutthroat trout

Introduced fish present in Bear Lake:
kokanee

Yellowstone cutthroat

Rainbow troul

Brown trout

Lake trout (mackinuw)

Salmo clarki utah Suckley

Oneochynechus nerkn kennerhd Suckley
Salmo clarki lewisid Cirard

Salmo gairdneri irideus Gibbons
Salmao trutta Ffaire Linnaeus

Salvelinus namaveush Walbawm

Ca Cyprinus carpio Linnocus

n-ﬁ'w perch Percan flavescens Mitchell

Creen sunfish Lepomis evanellus Rafinesogue

Fish intreduced or reportedly introduced but not recorded during present investigation:
Chum  salmon Oncorhynchos keta Walbaum
Silver salmaon Oncorhynchus kisuteh Walbaonm
Lamdllocked salmon Salmo salar Girard

Eastern brook trout Salvelinus fontinalis8 Mitchell
Largemouth bass Micropterus salmoides Lacopeds

*Stocking information fumished by U, S, Fish and Wildlife Service, Utah Fish and Came
Department, and Ldabo Fish and Game Departiment,

fSubspecies not distinguished in Reld studies.
$Manted and possibly present but not recognized to subspecies.
EPresent in tributaries.
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