
Tne purpose of this p?-.sr i s  a btu5g of t'ne l i f e  h i s tory ,  

northern Lake Michigan. It was conducted under the supervision 

of Dr .  Charles W. Creaser. 
LP/ l  

Much help and advice were received f ron D r .  Q% J. Tnomas 

and Mr. Norman J. Wilimovsky. To these persons I w i s h  t o  ex- 

press  my appreciation, and to  the Biological Station of the 

University of Michigan f o r  making this study possible. 

ARE2i UNDER INVESTIGATION 

The area e x d n e d  w a s  that approximate t o  Lake Michigan i n  

Emmet and Charlevoix Bounties. 

In Charlevoh County, the Beaver Island Group w a s  examined. 
- 

The following is lands of t h i s  group were investigated: Beaver 

Island (st. James Bay), Garden Island (Indian ~ a y ) ,  Hat Island, 

Hog Island, Pismire Island,  Shoe Island, and an unnamed is land 

just  southeast  of Garden Island. 

In Emmet County the following areas were investigated: 

I n  a d  about Wilderness Park (Trout  Creek, B i g  Stone Bay Creek, 

and B i g  Stone Bay), and IVaugoshance Point. 

F ie ld  Observations: 

Sucalia incons tans zas col lec ted  i n  the f 01lo:~ing piacas : 

1) Tributary t o  Big Stoae Bay i n  Emmet County. Time:  3215-3:45 P.M. 

2) Trout Creek ( a  t r i b u t a r y  t o  Carp lake)  June 24, 1948 

3) Beaver Island (St.  James ~ a y )  July 26, 1948 

4 )  Trout Creek Ju ly  21, 1948 



5) C C C Pond (Wilderness P a r k )  July 21, 1948 

5: 3fg Stone Esy Creek July 2?, 2243 

7 )  Cheboygan River July 7, 1948 

Rater: Brown and c lea r  Dra inc~e  : Lake l?ichf  gar^ 

Vegetation: Sag i t t a r i a ,  Eleocharis Smallii ,  Anacharis cmadensis 

Bottom: Edud and debr i s  A i r  Temp. 60 - 65' C 

Shore: Sandy w i t h  some grass  Current: not  noticeable 

Depth of capture: 3 f e e t  

Date: 7/17/1948 Time: 3 ~ 1 5  - 3:45 P. It!. 

Common AssociatiOe Fish i n  re l a t ive  order of occurrence were: 

Salvelinus f o n t i n a l i s  

&bra l i m i  

Chrosomus eos 

TJargari scus rnargarita 

Rhynichthys a t r a tu lus  

IETHODS OF STUDY: 

The procedure of study w a s  divided in to  two separate f i e lds .  

Eucalia inconstma, the brook stickleback, oras studied in the 

small streams and t r i b u t a r i e s  in the Wilderness Park area. 

Fungitius pungit ius,  the nine spined stickleback, was studied 

b the Big Stone Bay, Yfaugoshance Point, and the i3eaver Island 

Group. 

I. Eucalia inconstarm 

The mating and spawning of Eucalia inconstans has been 

recorded in many sources. ( G i l l  1307, Forbes and Richardson 



1920, Noman 1931, Boardman 1944). 

The srale i s  tke ceztra l  f igure ,  being the nes t  b ~ i l d e r  
- c= rizs5 z r ~ t e c t ~ r .  -26 25s: is ~:zLe f r~rs  ~ ~ ~ t i c  f i o r z ,  

usual ly  r i g i d  substance, such a s  reeds, s t i c k s ,  grasses,  e tc .  

The female is forced t o  enter  t h i s  c o n s t ~ ~ c t i o n  and deposit  

her eggs. The male t'nen enters,  spreads m i l t  over these, and 

guards the nes t  u n t i l  the f r y  emerge. He a lso  aerates  the eggs 

dai ly ,  t&es then fron the nests and turns  them, and generally 

keeps the nes t  and environment clean. These dut ies  c o n t i ~ u e  

u n t i l  the f r y  a r e  old enough t o  care  f o r  theuselves. ( G i l l  

1907, Eu'orman 1931). The above facts are well  established.  

A t r i p  was made to  Trout Creek f o r  the purpose of observ- 

.- ing spawning. The method used vas t o  loca te  nes ts ,  breeding 

males, etc. by means of a glass bottomed bucket. Due t o  the 

l imited amount of l ight,  s i l t  i n  the stream, and l imited f i e l d  

of vis ion of the  bucket, not t o  mention the  smallness of the  

nest ,  e tc .  searched fo r ,  no such nes t  o r  a c t i v i t y  -sere ob- 

served. Eucalia apparently %ere not breeding, f o r  they sfere 

observed s w b m i n g  s ide  by s ide with small Salvelinus f o n t i n a l i s ,  

a procedure not comon i n  breeding a c t i v i t i e s ,  where associa- 

t ions  with other  f i s h  are ra re  or unheard of  o or man 1931). . 

Ctf course there i s  the poss ib i l i ty  t h a t  these nay have been 

Zaxa le  fls3, f o r  it i s  akiost ir''~pousib1e t o  d i f f e r e n t i ~ t e  

sexes from externa l  colors,  and the variance in color i n  

Eucalia 1 s tremendous. 



Aquaria Observations. 

Spsckexs  xere col lec ted  a d  -r;ere brc-z~ht back &nd kept 

arzount of water in a glass aquarium 12 x 9 x 6% inches, in 

which an mple mount of sand, small rocks and Elodea had 

been placed. Into tMs tank a i r  was ptmped f r o m  a Etarco 

pump. ( 2 )  !?he s m e  setup as above, except i n  place of 

punped a i r ,  r-mhg water was allowed t o  en te r  and l eave  

the aquarium. (3 )  The above setup was used, without 

w p e d  air or  running I$O, only it was placed in a refrig- 

e ra to r  a t  about 2k0 C. (4 )  The o r ig ina l  setup was used without 

. pumped a i r  o r  mming E20, only thd water was cha r~ed  about 

three tfmes a mek. The last method seemed t o  give the b e s t  

r e su l t s ,  The fish i n  the running water seemed t o  be r ead i ly  

ki l l ed  by Saprolegnia paras i t ica .  The brook stickleback 

also preferred a m o r e  slow running, shallow stream than that 

which could be obtained in the aquwiwn. Those placed in 

the re f r ige ra to r  survived i n  a sa t i s fac to ry  manner, but were 

so lethmgic that no deductive observations could be made. 

One fnterestfng observation was nade i n  connection with the 

temperature change undergone when the f ish were put  in to ,  and 

a t  a l a t e r  date removed from the r e f r ige ra to r .  This was the 

color change wdergone by the fish. A similar p b n o ~ e n o n  vas 

obsex.rred, especially the =ales, i n  a paper by 1i;erriman and 

Schedl (1941) where it mas pointed out t h a t  this color change 

accompanies gametogensis. The fish, when returned t o  normal 



temperatures, were seen t o  regain t h e i r  breeding colors ,  and 

eggs were observed, thoush no nest building or f e r t i l i z a t i o n  

Another strange observation was the hyperact ivi ty  noted 

i n  these f i s h  which l i v e d  in the tank, into w h i c h  air was 

gwnped. Those in the aquarium with running water were ac t ive ,  

but not t o  the degree of these other f i sh .  *ere is a possi- 

b i l i t y  tha t  the  high oxygen concentration of the  water was the 

e t io logica l  factor ,  but  this remains t o  be proven. 

The f i s h  were fed zooplankton, and seemed t o  survive on 

it. Oddly enough, the smaller forms seemed t o  survive b e t t e r  

than the more mature forms, the suscep t ib i l i ty  t o  fimgus of 

whom was quite marked. 

Field Observations. 

Specimens of Pungitius pungitius were col lec ted  in the 
~ ~ h b ~ ~  -+ % p e c t k t e h s  r ~ o l f e c t e  f 

following places : pee t i r i p :  

1 )  Big Stone Bay, Emmet County, Michigan--+y .-- 2 0 -  -.. /6 --.. / y  ---- 8 "- 2 

2) Vdaugoshance Point, Emmet County -- Y--- -  2 .- 

3) St. James Bay, Charlevoh County .---- b 

4 )  Unnped Island southeast of Garden Island,  Charlevoix County. ... 9 (- g:;) 
The typical  b io logica l  conditions were a s  follows: 

Tigter: L'hite, Clear 

Vegetation: Gone; s m l l  mount of algae on rocks. 

Eottom: Sand, boulders, occasional debris 

Kater temperature: 18' C A i r  temperature: 22' C 

Distance from shore: to 30 yards Tide: None 

Depth of capture: t o  4 feet  Depth of water: t o  5 feet 



. - 
Common Associative Fish in order of re la t ive  occurrence: 

RLilinichthys catarac tae  

Catostomus commersonnii 

Percina caprodes 

Notropis athernoidea 

I1 Pungitius pmgit ius  

Only one mention of the spawning and breeding has been 

. found in the l i b r a ry  of the Biological Station of the Univer- 

s i t y  of Kichigan ( G i l l  1907). This report was neither conclu- 

sive nor applicable t o  the prevailing situation. 

The problems tha t  a r i se  when one studies the l i f e  h is tory  

of Pungitius are qui te  complex when contrasted with Eucalia. 

Nowhere within my investigations has any information been c i ted  

that  suggests habi ta t  preference of these f i sh .  This, then, 

waa the f i r s t  study undertaken. 

Fish were taken in  Big Stone Bay and Waugoshance Point 

In Emmet County and i n  St .  James Bay, Beaver Island i n  Char- 

levoix County 

Fish had been taken regularly by the Ichthyo~ogy c lass  of 

the Biological Stat ion of the University of Michigan i n  Big 

Stone Bay in Rnmet County. Pmgitius was collected here on 

four t r ips  t h i s  year, but  not in suff ic ient  numbers t o  con- 

dider th i s  as habi ta t  preference for the f i sh .  Other are- 



=ere seined i n  the Eeaver Island Group, and although no grea t  

nmber of Fungitius wero  actually seine6, n w r o u s  ones Tiere 

='o:~qd ir, r :xzgifar;ed - apecir?,-,n ~ Y C -  -113 t a 2 ~ 3  t i )  had:- 

cate the presence of the  f i s h  In r a the r  large numbers somewhere 

i n  this area. This l ed  t o  two postulations: (1) That the f i s h  

must inhabit  the Pelagic region (or  L b ~ n e t i c  i n  f r e s h  water 

terms) of Lake Michigan. This was upheld by xatching t e rns  feed 

i n  t h i s  area,  and secondly beceuse other areas ( l i t t o r a l ,  sub- 

l i t t o r a l ,  etc.)  were seined with no r e s u l t s  i n  areas  where f i s h  

are b o r n  t o  be present.  (For hab i t a t  preference and ecology, 

see table above.) (2) That these f i s h  are  found i n  t h i e  

. Pelagic region in r a t h e r  large schools. This i s  ve r i f i ed  by 

the f a c t  tha t  the majori ty of f i s h  preferred For food by these . 
terns  was found t o  be this f i sh ,  and in order f o r  this t o  be 

t rue  the f ish  must be present in f a i r l y  large numbera. Further 

work a t  Vaugoahance Point has indicated the sporadic appearance 

and disa?pear=ce of these f ish i n  ample numbers t o  uphold the 

or ig ina l  theory. The f ish were reported t o  be on a sand bar 

on the Point, but  when the  area was completely covered the 

next day, no specimens of P u q i t i u s  were collected.  O n  a  later 

date another group of these f i s h  was found by the author i n  a 

pool i n  the center  of another bar in this same l o c a l i t y .  I 

think t h ~ t  t h e  p a r t i c u l ~ x  schoo l  of ?uRgitius t h a t  thase i c d i -  

viduals belonged to ,  was forced inland by a prevail ing wind, 

and this group of f ish were washed ashore. A l l  indications 

point t o  t h i s  s i t u a t i o n  being t rue,  f o r  the h a b i t a t  is  exac t ly  

similar t o  t h a t  of the Beaver Island Group, as  i s  the area in 

Big Stone Bay where t h e  f i s h  are taken regular ly  in small numbers. 



A possible th i rd  indicat ion of the preference of 

Pelagic h a b i t a t  may be postulated from the general extez- 

nzl  c i l & r r _ c ~ e r i s t l c s  oZ uiLe i-~h. Tne coloration, tha t  of 

countershading - s i l v e r  below and r a t h e r  dark o r  s t ipp led  

above, i s  indicat ive when compmed t o  a known P e l q i c  fish 

such a s  I !o t r~pis  atherinoides . Secoodly, the posit ion and 

construction of the mouth points t o  the same conclusion. 

Tnis f a c t o r  i s  f'urther upheld by watching terns  feeding, 

and observing t h a t  t h i s  feeding i s  sccozplished only i n  

very shallow depths and consequently they must capture 

these f ish when the sticklebacks are a t  the  surface. Another 

indication of this Pelagic form i s  found i n  the keeled caudal 

peduncle of Pungitius and a l s o  the caudal f i n .  This i s  

analogous t o  such sa l t  water forms a s  the mackerel, yellow 

jack, and albacore. 

N o  attempt was made t o  observe the breeding adults of 

Fungitius, f o r  the general consensus i s  t h a t  the breeding 

occurs i n  t h e  l a t e  spring. This theory was upheld by the  

concave appearance of the abdomen of the  l iv ing  forms be- 

lieved t o  be female, indicating a possible los s  of roe. 

Secondly, breeding observations were always hampered by 

the vieathsr and location of the fish. k e  a t t e a p t  was rcade 

t o  c ~ , p t r ; ~ e  f r y  in the B i g  S tone  3ay a G a ,  by c s a z ~ s  of zn 
w v e  

oceanographic half-meter trawl, bu t  none found. 



- Aquaria Studies. 

I .  - 3  no- ;-,.. :--, :k? five s2Lned r,~-:--:-, ~ ~ ~ ~ - ; - r s r _ t  rzetl.z.", s*-ryt. 

t r i e d  f o r  the reeriag of this fish. Cne previous attempt 

having failed, t h a t  of keeping the f i s h  ki deep water i n  a 

cylindrical glass tank, 1& inches high, and 10 inches in 

diameter, the  fZsb -mre next placed in an aquarim 6 x 8 x 8 

inches. As in tkie case of the brook s t ickleback,  these f i sh  

were placed i n  the regr igera tor ,  rocks, sand, and Elodea 

being added. 3ere f i s h  survived, but  th3y were too sbg-  

g i sh  t o  note anr spec i f i c  activity. When the aquarium was 

removed from the frigid temperature, a marked increase in 

a c t i v i t y  ~'9s observed, =d feeding could be observed. The 

predominant manner i n  which the specinens are now l iv ing  is 

a t  room temperature, the  H20 being changed twice a week. 

The f i sh  seem t o  prefer  rather shallow water, and do t h e i r  

feeding a t  the surface. Their diet is  c h i e f l y  zooplankton, 

insec t  larvae,  and any phytoplankton they obtain  f r o m  the 

Elodea. 

I Zucalia inconstans 
- 

1) life history of -- kxcal ia  fncons t s i?~  has been observed, 

and can be found i n  the literature f r o m  many sources. 

2 )  Eucalia inconstans mag be col lscted i n  any stream having 

%he specif ied c h w a c t e r i s t i c ,  but the  m a i n  prerequis i tes  

seem t o  be f a i r l y  dense aquatic vegetation, a ra ther  muddy 



bottom, and a slow-moving current. 

3 )  Eucalia irtconstsns may be kept i n  a q ~ a r i a  and posslbly 

rocks, aqaatic vegetation, and water which i s  changed 

once o r  twice a week. 

4 )  'then E u c d i a  are submitted t o  low te~a.peratures (around 

2h0 C )  there i s  a marked color change, and a l s o  a pro- 

nounced decrease in act ivi ty .  

1) Few records have been made of the  a c t i v i t i e s  of t h i s  

fish. One such account was found in  the l i t e r a t u r e  

( G i l l  1931), but  the evidence c i t e d  was not oonclusive. 

2) From a l l  indicat ions ,  Pungitius p u n ~ i t i u q  is  a k l a g i c  

f i sh .  The general  external  cha rac te r i s t i c s ,  as  well as 

general h a b i t a t  preference, point t o  this concliision. 

3) There a re  indicat ions  tha t  the  f i sh  t r a v e l  i n  r a the r  

large schools. This i s  postulated f r o m  the sporadio 

appearance and disappearance of these f i s h  in  tne E m e t  

County area. 

4 )  These f i s h  were kept i n  aquar i awi th  f a i r l y  good success. 

, 2 ~ e  s i tua t ion  that seexed t o  be xost  conpatible w a s  t h a t  

s imilar  t o  the method used i n  Eucalia - inconstans, s m a l l  

ractangular aquaria, with the water a t  room temperature. 

Sand, small rocks, and Elodea being added. 

5) A marked increase i n  a c t i v i t y  was a l s o  observed when these 

fish were taken from a f r i g i d  environment (2%' C). 



5 t . - 3 * - T _ . -  - t - - r - c -  - - - -  - .  ---- & ? - * -  
A i  --*-.&--A ; -:3 5Z'00% s%lz?.l23r;,-., - -3 >?x*r;--& ____. >-- - -* 

in the small streams in Rmet  County, ~Elchlgarr. 

2) The mica1 environment of this f ish seesled to be a 

shallow, s l o w - m i n g  stream, in which ample vegeta- 

tion =as present. 

3) Fish be kept with success in an aquarium at  room 

temperature. 

4 )  Fish w i l l  a l s o  survive in a f r i g id  te=perature, but 

their act iv i ty  is greatly reduced. 

5) W i t i u s  p-itius, the nine spined stickleback, was 

taben in the Littoral area of B i g  Stone Bay, Waugoshance 

Point, and St. James Bay in the Beaver Island Group, 

Emmet and Charlevoix Counties, respectively. 

6 )  These fish were not taken in  ample number to indicate 

any typical .habitat, therefore the fish were ooncluded 

to be Pelagic fish. 

7 )  The strange manner in which the fish w e r e  caught in 

cycles seem to indicate a sohoofing character in these 

fish. 

8) The general external characteristics of  these f ish are 

i n d i c a t i v e  of a pelagic or deep wate r  form. 
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This study has been conducted under the auspices of 
the Biological S ta t ion  of the University of Kichigan, and 
any u s ~ 4 e  may be nade of th i s  pager i n  any re l a t ed  cap&- i ty  
n i t h  the consent of the p rope r  eu thor i tg  a t  t h e  a iological  
Station. 






