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While attempting to determine the abundance of oiaoo in S-.in1 I.Ake 

in 1939, the wr1 ters aeoured a number 0£ 1peoimen1 for ato•oh examina

tions and egg oounta. Conservation oftioials first noted ■pawning 

activity or cisooea in Swains Le.lee about December 1, and on December 5 

they made a collection of about 50 :t"iah by mee.na of gill nets. An 

examination of a dosen f'iah from this oolleotion showed the fenalea to 

be mostly ngreen", i.e. they had not ata.rted to spawn. A oolleotion 

of 87 fish made by us between 7 and 9 P.M. on December 14 contained 

no males and only 9 females whioh had not already begun to spawn. 

Oft.rie• were saved from these 9 f8!1111lea for egg counts. Age and sex 

determinationa were made on 84 or the 87 oiaooes oollected. Three were 

am1 tted beoauae 0£ poor aoale aamplea. Ston.ohs were examined from a.11 

87 tiah plu1 4 other• taken from Browm Lake a.bout the eame time. 

Swaine Lake i• .£1.irly well representative of certain small south3rn 

Michigan lakes whioh oan■i1tently support populations of oisooes. It 

has a surta.oe area of 70 acres and a maximum depth or 64 feet. Marked 

theral and chemical stratifioation exists during the height of the · 
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&WIiner period without a oritical reduction in the dissolved oxygen in 

and immediatel;r below the t hermocline. Water suitable for cold-we. ter 

fish is therefore available at all seasons. Browns Lake is located 

near by and , although it has not been oarefully studied. appears to 

have characteristics similar to those of Swains I.s.ke. 

The surf'aoe-water temperature in the late afternoon of Deoember 14. 

1939, was practically at the freezing point and thin ice had begun to 

form near shore. Numerous oiscoes were observed to break water during 

the early evenin[~ when as many as a dozen disturbanoes were seen at one 

time. There was no oonoentra.tion of these fish. Approximately as :many 

were seen over deep 1'11.ter as were observed over the shallows. By 

9 P.M. (at the ti~ e the gill nets were lifted) the lake had frozen 

completely oTer and ioe remained on the lake until the following spring 

"break-up". 

Examination of the cisooe1 oolleoted indicates that spawning was 

about at its height. None of the 1peoimen1 were completely 1pent and 

most of the females had just begun egg depoai tion. It would 1eem 1&fe 

to assume, although no subsequent oheok: was made, that spawning •Y have 

oontinued tor a period of at least several days after the ioe was f'ormed. 

Our sample contained 28 males and 56 females (H:x ratio of 1-2). 

Thia ratio per1i1ted quite consistently in the different age groups 

('?able I). These de.ta oonform to the f'indings of Hile (1936) on 

Wiaoonsin oi1ooes in which he reported a preponderance of females in 

the older fish. It does not agree with the ratio given by Cahn (1927) 

however. who reports a majority of males. Hi• oolleotions were larger 

than ours and contained both young and old fi1h 1 which rant m&y account 

for the difference. 
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Ta.ble I 

The age, sex ratio, and size of oisoo from Swains Lake 

Number of Average total Average weight Number of Average tot al Average weight 
(pounds) males length (inohea) (pounds) tamales length (i11chas ) 

4 
8 
1 
9 . . . 

• • • ... 

15.5 1.32 1 1.5.0 
15.8 1.40 14 15.6 
15.a 1 .1..iJ 17 15.7 
16.0 1.34 19 15.8 ... . .. 1 16.2 ... . .. 3 16.2 . . . . .. 1 16.9 

Cisooes t a 1<:tm in Swains Lake had an age ran.ga ot 4-10 years inclusive 

{number of annuli) with age-groups V, VI, and VII aooounting for 85.7 per oent 

of the entire sample. There was less tban 2 inches difference in the lengths 

of the snallest and largest fish and no great difference in the average 

weights of the youngest and oldest fish. 

Actual egg oounts made on nine females are given in Table II. These fish 

Table II 

Weights, length, size of ovaries and 
number of eggs for nine female cisooes. 

Averages at bottom. 

Standard length Total length Total wei gnt l"ieight or ovaries 
<mm-l 
318 
327 
331 
333 
336 
336 
340 
343 
343 

334 

(inohe1) (pounds) ( gra.mi,) Number o f egfjs 
15.25 1.48 128.2 23,272 
15.;o 1.65 193.0 30.967 
15.37 1.62 152.8 28,2l.i.) 
1.5. 50 1.15 174.2 33,641 
1.5.67 1.72 178.5 32,505 
15.87 1.86 201.5 35,451 
15.87 1.80 181.7 37,272 
16.25 1.77 153.7 24,795 
16.25 1.79 182.9 26,804 

15.72 1.72 171.83 30,328 

averaged 30,)28 egga; the largest individual oount wa1 37,272 &nd the smallest 

was 23,272. Apparently no oorrelation exists between the size or age of the 

fish and the number of eggs produced, although nine f11h are not adequate to 
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give significant information on this point. Stone (1938) made estimated 

counts of cisco e g:r~ s by a volun etric method a.nd found a significant 

correlation between t he number of eggs and the length, weight and age 

of t he fis h . He recognizes considerable variation within any age or 

size group, however. 

The usual method of estia a.ting the number of eggs ~' weighing and 

oounting small sa111ples was tested on three fish. Comparisons were made 

between the results from partial and total oounts (Table III). Samples 

were taken at random after the ovaries had been broken up and the eggs 

well mixed. 

Table III 

Compa.ri1on between estimated numbers of eggs, oaloulated from 
pe.rtial oounts and the total oounta for three ciscoes. 

Total weight of 'Weight of sample Estimated Aotual 
o-.ari ea (grams) (grama) number of eggs number of egg• 

1,4.65 

193.52 

173.0 

5 .31,023 28,24,) 
5 28,425 28,243 
5 28,138 28,243 

70 29,663 28,~ 
70 26,617 28,21.u 
10 34,358 30,967 
10 29,848 30,967 
50 30,643 30,967 

5 39,.341 32,505 
5 .31,451 32,505 
5 34,254 32,505 

70 30,658 32,505 

According to the1e few data the 5 gram aamples were nearly as 

acourate (error 6.7 per o•nt) as the 70 gram eamples (error 5.4 per cent). 

This method compares favorably with the volumetric method of Stone (1938) 

who reports an average error ot 5.1 per cent. 

Stomach e::a.minations were made on a total of 91 ciaooea, 87 i'rom 

Sllaina Lake and 4 from Browns Lake • Al though moat of the ti 1h in Sn.in• 

Lake were feeding to some degree, only 8 actually had full stonaoh1. Thia 

Per cent 
error 
+ 9.8 
+ o.6 
- 0.4 
+ 5.0 
- 5.7 
+ 10.9 
- 3.6 ._ 1.0 
+ 21.0 
- 3.2 
+ 5.3 
- 5.7 



-5-

soaroi ty of food in the stomachs Illli:V be explained by the fact that nost 

of these fish were spawning. The four f'ish from Browns Lake, on the other 

hand, were completely spent and all had full stomachs. A sunnary of the 

results of the stoma.oh examina.tiol:ls is given in Table IV. The numbers 

o f organism:- '.')resent are esti,1ntes based on partial counts. 

Table IV 

Su1mrar:r of stor'flch analyses of 87 oisoces 
from Swains Lale e and 4 from Brown.a Lake 

Humber of plankters 
in a toms.ohs 

0 
l - 10 

11 .. 100 
101 - 1,000 

1,001 - 5,000 
5,001 - 10 .000 

10,001 .. 20, •.)00 

Number of 
11tomaohs 

5 
47 
22 
5 
2 
3 
7 

An analysis of the contents of the 12 full atomaohs is shown in 

Table v. 

Table V 

Analysis' of 12 full cisoo stonw.cha 

Swain.a IAlce 

Total volume (o.o.) by Number of or~sme 
water di a le.cement De. hnia 

34.2 lJ,9.54 
27.6 19,278 
27.3 11,630 
26.2 15,144 
25.1 15,831 
25.8 10,036 
18.3 3,650 
18.0 2,412 

Dia tomua ii!$ceaneoua 
205 Cisco eggs 
980 ... 
6oo ... 
550 ••• 
627 ... 
387 ... 
64 ... 

180 ... 
Browns Lake 

!'otal number 
,l.59 

20,258 
12,230 
15,694 
16,l.d+O 
10,L23 
3,714 
2,.592 

Total volume Number of organilllD.8 
water diaplaoement ____ Da....,.phni_~a _____ D_i_a~p_t_omu __ a _____ Ro_tf_f_e_ra _____ f_o_ta_l_..numb_,,__e_r_ 

16.9 6,160 110 135 6,405 
32.0 11,776 112 128 12,016 
34.6 8,685 464 242 9,411 
14.a 6,9~ 22 37 1,ooa 
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Da.phnia, Diaptomu1., and roti.fers made up the great bulk of the 

stoma.oh contents. Suoh miaoellaneous items as oiaoo eggs., Corethr& 

larvae and dragontly nymphs were found in the stomachs of 6 fish. Trie 

staple item.• of the diet are practically the same as those reported 

by stone (1938)., C&hn (1927), Clemens and Bigelow (1922) and !Ang.ford {1938). 

Tapnorma of a.n unknown species were present in the atamaohs of 44.4 per oent 

of the :t'1 sh studied. 
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