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Introdyt1on 

Game animal investigators have long recognized anow and ioe may 

critically limit the production of certain bitd• and mammal• in the 

temperate 1one. Leopold (1936) devote, 1everal pages of his text on 

game management to diaousaiona of the winter losaes of quail, deer, eto. 

That winter may be an equally critical period in the live1 of fishes i• 

indicated for exan•ple by the result• .from fingerlinr, brook trout plant­

ing experiment• as re~orted by Shetter (1939). A sharp decrease in the 

number of wild, unmarked trout a.a 1Nll 11.a w..rked hatchery fingerlingaJ 

occurred early in t he first winter following the initiation of the 

experiment. Also in the1e experiment• leaa than 2 per cent of the trout 

planted 1n the fall as fingerling• survived to the angler's creel. The 

•triking difference in returns to the angler of legal-sized trout planted 

in the i'all as oontro.ated with the returns from spring planted fish 1a 

another indication of severe winter lo1aea of trout. On atream1 where 

marked fish were stocked and a cheok of the catch was maintained, Shetter 

&:nd Haz&ard (1940) found that early apring introduction.a were 6 times a1 
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effective as fall releases in the case oi' brook trout, 32 times as great 

in the case of rainbow trout, and twice as great in the case of brown 

trout. Other workers, as Cobb (1933), Nesbit and Kitaon (1937), Hoover 

and Johnson (1938) and Smith (1Y40), ha.ve demonstrated similar results. 

No satisfactory explanation for the over-winter losses indicated is at 

hand. Our results (Hazzard and Shetter, 1940) from fall plantings ot 

legal-abed rainbow trout in lalcea, which ahowed from 13.8 to 66.o per 

cent caught by fishermen, suggeat that conditions in lakes may be more 

favorable to over-winter survival than in atreama. These and other winter 

problema have been cited by Hubba and Trautman (1935) in a plea for more 

investigations o£ fish 11.fe during the winter months. 

~linter bring• many ohangea in the environment tor fish lite aa well 

aa 1n the fish themselves. Sinoe the effects ot snow and ice are eome­

what di.frerent in atrea:me and lakes, these two types of habitat will be 

diaouaaed separately. 

Winter Co9dition1 _!,:Q Strew 

Shelter for fiah in atree.ma may increase or 4ecrease with the approach -~ 
of winter. Most aquatic vegetation diea .down or at leaat ceases to grow 

during the colder part of the year. Deoiduoua trees and shruba along the 

banka lose their leaves. Grasae■ and weeda, which often form an almost 

complete cover for the smaller meadow ttreama in awmner, die and become 

flattened by the anow. However, except in 1trea.ma which a.re immediately 

spring-fed, shelf 1oe extending from the banks toward the center of the 

stream or even a complete coating of ice with a layer of snow on top may 

give aa much or more protection than did the aquatic and terreatrial 

vegetation. It is obvious from thia diaousaion that atreama may be moat 
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exposed ai'ter the leaves have .fallen in the f'all and before the ice 

comes and again in the spring after the ioe leaves and before new leave• 

appear. 

The extent and duration of the ice co·Hr on Michigan waters determines 

in a large measure the amount of predation which trout suffer in winter 

from the feeding activities of fish-eating ducks. As long as tho lower 

river ooursea and the bays of the Great Lake■ are open, Amerioan Mergansers 

and to a leas extent Red•bre&ated Mergansers concentrate there, but when 

these waters beoome ioe-ooated the only availa.ble habitat ii on the 

spring-fed trout streams. Leonard and Shetter (1937), llunro, and Clemen.a 

(19.37 amd 1939), and Salyer and Lagler (1940) have shown that oonsider&ble 

inroads on legal and aublegal trout n1ay occur as a result of conoentra­

tiona of these fish-eating duck• on the upper reach•• of auoh streams. 

On the basis of extensive studies, Salyer and Lagler (1940) estimated 

that a single merganser would eat at least one pound of food per da.y. 

Stomachs of mergansers from headwater trout ■tream.e showed tha.t most ot 

this rood consisted of trout &Teracing about 6 inch•• 1n length. The1 

estimated that a flock ot 100 merganser, might capture 7.000 trout in a 

fortnight oi.' which 36 per cent would be over 9 inches 1n length. It 1a 

possible that the sluggiahness of trout at temperature■ near treeaing may 

contribute to the ease of capture by fish duoka. Their studies also show 

that during periods of heaTy conoentration of merganaers there may be 

trC11B. one to two hundred or more per mile of a trout atream such as the 

South Branch of the .A.u Sable River. Predation by merganser• may well 

affect the quality of fishing on certain trout streama the following 

year. On the other hand. their investigation• of the food of merganser• 

on non-trout waters have shown the dominance of auckers, carp and other 

fish of little interest to the angler. 
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The same shelf a.nd surfaoe ice which f'oroea the :merganaer■ to spring• 

fed areas protects trout in the colder, more sluggish reaohea. However, 

in streams aubjeot to heavy ice formation considerable damage to permanent 

fish shelter may occur. Aooording to 'l'arzwell (1936}, ice freezes to the 

stake• which are commonly used to hold in place stream improvement 

structures such a■ current deflectors and bank cover•• If these structure• 

are at or near the surfaoe, they may also be included in the ice sheet. 

A rise 1n stream level lifts the ice and with it the stakes and structures. 

Thia may occur several times during a single winter and eventually destroy 

the improvement devices. 

Floods caused by the sudden melting of the accumulated winter ice and 

anow may also damage or wash out man-made improvements as well as natural 

shelter either because of the accelerated current or because of the bat­

tering effect of ice calces. Bank and stream bottom erosion may also occur 

in thi• way. The ioe carried by some stream.a during the spring break-up 

may form a jam which dams up considerable water causing new oha.nnela to 

be developed and old stream beds to be abandoned. These new channel■ 

a.re frequeni...ly lacking in pools and shelter needed by fiali. 

The food supply in streams 1• also affected by snow and ice. Anchor 

ice commonly form• on the sidea and bottom of strea.ma during severe winter 

weather and when the ice rises may carry with it great patches of gravel 

and aquatic vegetation both of whioh contain fish food organiama. The 

floods mentioned above, together with the gouging action of ice oalces, 

may damage aquatic fish foods a.nd possibly the fish themselv••• Needham 

(l~) and 14of'fett(l936) have described 1;he ef'i'ects of spring flooda on 

trout food organiama. 
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Winter conditions also limit the aTailable food supply of fish a• 
during this season their diet is restricted to the insect• and other i'onas 

living in the water. No flight of beetles or swarm of graeehoppers ia 

available to supplement the bottom food supply. ,fortunately, winter ia 

the season of greatest aquatic insect abundance since young mayflies, 

stoneflies, caddisfliea and other aquatic forms &re numerous and are 

reaching a sis• attractive to fiah. Also, during the colder month• moat 

stream inhabiting fishes, such aa the amallmouthed baas, feed little if 

at all, ao that the demand on the food supply is leaaened. Hathaway {1927) 

and Markus (15,132) have shown that the rate of food consumption of warm• 

water fishes such as b&ss falls off rapidly below a temperature of $00f. 

and may stop entirely as the water reaches the freeling point. 1''ortunately 

for the fisheries biologist the changes in feeding rate affect the growth 

rato of fishes which are reflected in the fonnation of a year mark on the 

scales. Suoh marks can be used in studies oi' growth rate, pollution, 

parasites. etc •• as has been diacusaed by Creaser (1926). 

The same fa.ctor1 which a.ffect the shel tor and food supply in streams 

may also influence ■pawning conditions. Gravel beds uaed by trout, baaa 

and other nest building fiahes may be dist,;rbed. 'l'he egga of trout are 

buried deep in the gravel, but those of the bro'Wll trout, which do not 

always select 1pring-fed areas for spawning. may be smothered by the 

accwnul:a.tion of anchor ice. Nesta of any oi' the stream trout may be 

damaged by floating ice cakes during an early winter or late spring 

break-up or may be silted in or atrs.nded due to these flood• as described 

by Hobbs (1940). 
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In 1938 the Michigan Department of Conservation through it• In,titute 

for Fisheries Reaearoh eatablished a trout fisheries experiment etation 

on the headwaters ot Hunt Creek, Montmorency County. One of the primary 

purposes of this 1tation was to make possible investigationa of the winter 

conditions in trout streams and to deterriine the causes 01' auapeoted 

winter loaaea of trout and the methods by 'Which these loesea might be 

lessened (Hassard, 1940). Snow and ice affect not only fiah life but the 

investigators aa well. Location of inveatigatora with adequate racilitiea 

in the field inoreases the ef'ficienoy as well as the cOl\fort of winter 

atudiee. 

Winter Conditions _!!! Lake1 

Shelter for fish in lakes also deoreasea as the aquatio planta die 

down with the coming of ice and snow. While some of the submerged 

vegetation may remain gr&en all winter, the great majority of pondweed• 

(Pot,a.mo15etons) turn brown almost to the bottom of the ■talks and the 

leave■ disintegrate. Thia decrease in shelter probably oxpoaea the smaller 

fishes to the raids of predacious forms auch aa the northern pike, which 

feeds actively throughout the winter. Although shelter in the lake itself 

may be reduced, bird and mammal predator, are excluded by the ioe coTer. 

It is believed that this protection may account at leaat in part for the 

higher survival in lakes of fall-planted trout. However, t he ice cover 

expose• the fish to one or their greatest predators--man. Some parts of 

lakes are difficult or impossible to reach or fish in summer but in winter 

the fisherman can travel anywhere and by spear or ice 11.u har'Yeat the 

winter crop. Hassard and Eaohmeyer (1937 and 1938) have analysed the 

effect of winter fishing and conolude that isolation of many lakes by 

deep snow and impaesable roads, the relatively small take on most lakes, 
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anc:. the dominance of predacious forms in the o&tch prennt w·.nter fishing 

from depleting the crop in northern lake•• Clark (Ms.) extended the•• 

investigations to southern ~ichigan "bluegill lakes•" Based upon popula­

tion estimate& and creel oensuaea, he concluded that &Ten though the take 

in winter on such lakes may be high, only a small percentage of the legal 

fish is re.moved by winter fi8hing a.n.d that there is no immediate danger 

of depleting the stock in these waters. 

An advantage to the fisheries investigator of ioe oover and a 

certain amount of snow is found in the facility with which lake mapping 

can be done. A large number of Michigan lakes, mostly in the northern 

part of the state, have been sounded and ltlApped through the Civilian 

ConsarTation Corps, working under the direction of technioia.ne of the 

United States 1''orest Servioe or the Institute for Fisheries Research. 

Brown and Clark {1939) have desoribed a method of lake mapping uaing a. 

sme.11 crew and mechanised equipment. Aa fish cultural operation• are 

curtailed during the winter months, personnel from hatcheriea and rearing 

stations is available for lake mapping 1n parts of the atate where thia 

work oa.nnot be done by the Civilian Conservation Corps. The ideal 

oondition for napping work is ioe just thiok enoue;h to aupport men and 

equipment and with several inches of snow to make good footint• Depend• 

inE upon the depth of' snow, aleda or toboggana are used to haul th• 

eleotric ioe drill and storage battery. 

As winter progresses, eapeoially on the larger lak:Be, the weight of 

the snow causes the ioe to crack and toroea water up onto the ioe, 

thus adding to the thiokn••• of the sheet aa it freezes. Further freesing 

causes expansion of the ioe .-nd the formation of pressure ridges on the 

lakes which accentuate ice push along the shores. 1i~hen the ice 1a very 
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thick, weed beda and other shelter in shallow water may be destroyed. 

Brush ahelter1 and artificial spawning bed1 mu1t be installed 11911 

beyond the depth of possible ice action if damage to theae 1tructurea 

is to be avoided.. 

A heavy layer of 1now reduce• or prevent, the penetration of light 

to water below the ioe and 1top1 photosynthetic activity of aquatic plant• 

and phytoplankton. Lake productivity la therefore at a 1tand1till until 

the snow melt, or blow• away and light can once more penetrate to the 111&ter. 

The ice push along shore referred to above also may oruah fiah food 

organisms. Sudden ice formation in a lake following open water condi tiona 

may cause a mortality of aquatic insect, as they are emerging from the 

water as described by Leonard (1939). 

Probably the most important effect of snow and ice on lakes 1• upon 

the oxygen supply. 'l'he tirst complete coating of ice seals the lake from 

further contact with the air. Until the ice disappears, no oxygen oan reach 

the water except th&t which ie generated by aquatic plants and phytoplankton. 

Keamrhile, oxygen consumption by decay of organic matter, respiration ot 

animals a.nd plants continues. So long as sufficient light penetrate• the 

ice, photosynthesis may actually bui.ld up the oxygen supply, but when the 

snow becomes deep enough to out off the light• the oxygen supply dimini■he1 

until the snow disappears or a break-up of the ice occurs. A cloae 

correlation in dissolved oxygen and depth of snow oover ha1 been demonstrated 

in studies of the "winterkill" problem by John Greenbank (Ms.), formerly 

of the Inatitute staf'f. If a heavy snow cover is continuous tor a long 

period, the oxygen may be reduced below the minim\Dll requirement• of certain 

or all speoies of fish in a lake. This results in a m.ort&lity of fish 
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which may be more or leas complete. Small, shallow lakes having highly 

organic bottom deposits and lacking inlet streams aeem to be most aua• 

oeptible, but even some of the larger and deeper waters may be &ff'eoted 

during unu■ually severe wintera. 

Closely related to the •natural pollution" referred to above 1s that 

which occurs in l&kea or streams during the period of ice cover if the 

waters receive a large amount of untreated sewage or industrial waste ot 

an organic n.&ture. The added oxyGen demand of such waste may result in 

aeven,exhaustion of the oxygen supply and the whole1ale killing of fish. 

Conclusiona 

Prom the foregoing diacuuion it will be seen that anow and ice uw.:y 

have advantages and diaadvantagea to fish life, to fishermen and to 

fisheries investigators. The need for more detailed studies of the 

precise effects of winter oonditiona upon the environment of fish ia 

apparent. Difficult and uncomfortable as such studies may be, fieherie■ 

management in the temperate &one cannot be placed upon a sound basis until 

more is definitely known concerning the requirements and the hazards ot 

tish life in the winter. 
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