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Abstract.---We investigated the response of the nottled scul pin
Cottus bairdi and the johnny darter Etheostoma nigrumto the

i nvasion and proliferation of the round goby Neogobi us

mel anostonus at three near-shore |ocations in southern Lake

M chigan. Fish were collected by trawing from June through
August, 1984 to 2002. Mean annual catches of nottled sculpins in
trawl sanples ranged fromO to 4.4/h from 1984 to 1998, while
mean annual johnny darter catches ranged fromO to 29/h in the
sanme period. Round gobies were first sanpled in 1998, with
relati ve popul ati on abundance building in the follow ng years,
ranging up to 371/ h at site K by 2001. From 1999 to 2002, only a
single nottled scul pin and only 12 johnny darters were coll ected
in 72 hrs of trawling. This study docunents the rapid decline of
the nottled scul pin and johnny darter follow ng the round goby

invasion to this portion of the |ake.



The round goby Neogobi us nel anost onus was first observed in
sout hern Lake M chigan in Calunmet Harbor IL in 1993; round
gobi es then spread east to Hanmmond Harbor in 1994, East Chicago
and Burns Harbor in 1995, and near Mchigan City in 1998
(Charlebois et al. 1997; Canp et al. 1999). Establishnment of the
round goby in this portion of the |lake, as well as the rest of
the Laurentian G eat Lakes (Crossman et al. 1992; Jude et al.
1992) and its subsequent inpacts on native fishes and ecosystem
function is causing concern to resource managers (Charl ebois et
al . 2001).

Al t hough inpacts of the recent invasion of the round goby
have not been fully determ ned, it has been suggested that
i ncreases in popul ation density nost heavily influence other
benthic fish species such as scul pins Cottus spp., darters
Et heost oma spp. and | ogperch Percina caproides (Jude et al.
1992). The round goby has been successful in out-conpeting
nottl ed scul pins Cottus bairdi and | ogperch, and preying upon
| ake trout eggs (Chot kowski and Marsden 1999; French and Jude
2001; Janssen and Jude 2001), and may be influencing comunity
structure. This hypothesis has been supported by both | aboratory
and experinental field data, particularly on the recruitnent
failure of nottled scul pins in Calumet Harbor (Janssen and Jude
2001). However, this phenonenon has not been broadly observed in

Lake M chi gan. Moreover, no studi es have delineated denographic



trends in native benthic fish popul ati ons conparing pre- and
post- invasion periods in the near-shore or open waters of Lake
M chigan. Therefore, the objective of this study was to
determ ne the response of nottled scul pin and johnny darter E

ni grum popul ations to the round goby invasion in southern Lake
M chigan. In addition, this study chronicles the timng of round
goby invasion and popul ati on expansion to this region of Lake

M chi gan.

St udy Area

Three sanple stations were |ocated in the southern basin of
Lake M chigan at the 5 mdepth contour (Figure 1). Station K
(center of station: N 41.42.26, W86.56.48) was approxi nately
2.8 km sout hwest (227° conpass bearing) fromthe Mchigan City IN
har bor entrance. Station M (center of station: N 41.37.45, W
86.53.12) was approximtely 1 km east of WAshi ngton Park
M chigan City (conpass bearing of 68°, and station G (center of
station: N 41.44.27, W87.15.07) was | ocated approximately 5.7
kmfromthe Burns Ditch harbor entrance (conpass bearing of 259°
near the city of Gary. The bottom substrate from M chigan City
west to Gary is generally conposed of flat sandy areas.
However, station K additionally has intermttent clay
depressions of up to 1 mor nore in depth, creating an irregular

bottom structure that is quite different fromthe surroundi ng



flat, sandy areas known fromthis portion of the |ake (MCom sh
et al. 2000). Visual observations during scuba dives on the
sanpling zone confirnmed the heterogeneous bottom All areas
were generally free of |arge rocks, boul ders, debris, and

al | ocht honous materi al .

Met hods

Fish were collected with a sem -balloon bottomtraw from
June- August between sunset and 2400 hours once in each of six
time periods: June 1-15, June 16-30, July 1-15, July 16-31,
August 1-15, and August 16-31. Collections were nmade annual |y
from 1984 t hrough 2002 for stations Mand K and from 1989
t hrough 2002 for station G Each sanple consisted of six traw
tows of 10 minutes in length, giving a total sanple effort of
one hour. Al captured fish were separated by tow, and placed in
bags on ice in portable coolers and sorted docksi de the next
day. More detail on the site location and trawling nethods can
be found in Shroyer and McComi sh (1998).

I ndi vidual traw tows on a particular night were not
statistically independent of each other and were conbined into a
single value. Thus, six sanples (one per tinme period) each were
obtained at stations Mand K annually for 19 years, while six
sanpl es were collected yearly at station G for 14 years, givVving

a total sanple size of N= 312. A failure to neet normality



assunptions precluded the use of several statistical tests to
determ ne changes in the nottled scul pin and johnny darter
popul ations after the goby invasion. This resulted principally
fromthe |arge nunber of zero values found in the data set for
all three species. A Kruskal Wallis test was used to eval uate
differences in johnny darter, nottled scul pin, and round goby
catch anong stations M K, and G for the years 1989-1998 and
1999-2002. Additionally, a Chi-square test for association was
used to determ ne changes in the nottled scul pin and j ohnny
darter frequency of occurrence between the pre-(1984 to 1998)
and post-(1999 to 2002) goby invasion periods. This anal ysis was
based on presence/ absence of nottled scul pins and johnny darters
in a particular sanple, rather than actual trawl catch. Al
statistical tests are described by Zar (1999), with o = 0.05.
Resul ts

Johnny darters were captured in just over half of all
sanpl es (165/312) and annual nean catches ranged up to 29.50/h
(Table 1). Differences in annual nean catch anmong stations M K,
and G were not significant within the sanple periods 1989-1998
and 1999-2002 (Table 2). The frequency of occurrence of johnny
darters from 1984 to 1998 for all stations conbined was 64% (N =
240), while this frequency dropped to 15% (N = 72) in the 1999

to 2002 period (Table 3). Individual stations M K, and G each



followed a simlar trend (Table 3), although station G showed a
nmore rapid decline (Table 1).

Mottl ed scul pins were nost frequently captured and with the
hi ghest catch rate at station K from 1984 through 2002 in the
sout hern basin of Lake Mchigan (Table 1). Catch at this
station in sone years was restricted to one or only a few fish
while no fish were captured in 1985, 1986, 1988, and the three
nost recent sanpling years 2000, 2001, and 2002. The mean
annual nunmber of fish caught during 1989-1998 at stations G and
Mwere significantly |Iower than K (Table 2), only ranging up to
0.50/ h during the period of record (Table 1). Station K al so
showed a significant higher frequency of occurrence (37% when
compared to stations M (9% and G (2% (X2 = 33.3, P < 0.01,
Table 1). Frequency of occurrence val ues changed at station K
after the appearance of the round goby, declining significantly
to 4% for the period 1999 to 2002 (Table 3). The frequency of
occurrence dropped to zero for 1999-2002 for both stations M and
G (Table 3). However, no statistical differences could be
determ ned as chi-square conputation assunptions could not be
nmet (see Zarr 1999).

Round goby were first collected in 1998 at stations M and
G where they were found in low rel ati ve abundance and | ow
frequency (Table 1). The follow ng four years showed an

expandi ng popul ation, increasing in both catch rate and



frequency of occurrence. However, station K had the highest
mean annual catch of round gobies, ranging up to 371.3/h (Tables
1, 2).

Di scussi on

Reduction of the nottled scul pin and johnny darter catches
to near zero in 2000, 2001, and 2002 concomtant with the round
goby expansi on cannot be viewed as coincidental. Although these
popul ati ons between 1984 and 1999 were present in | ow anmounts
(Table 1), they were consistent in occurrence until the round
goby i nvasi on.

Round gobi es have been suggested to negatively influence
the nottled scul pin, anong other benthic fish species, when they
co-exist (Jude et al. 1995; Jude and DeBoe 1996; Janssen and
Jude 2001). Jude et al. (1995) proposed three hypot heses | eading
to the dem se of the nottled scul pin by the round goby: out-
conpeting themfor food, for shelter, and for spawning sites.
The |l atter hypothesis was supported by Janssen and Jude (2001),
in which round gobies interfered with nottled scul pin nesting
sites, thereby causing recruitnment failure. In addition, Dubs
and Cor kum (1996) suggested the aggressive behavi oral
interactions of the round goby toward the nottled scul pin woul d
likely result inits demise inthe wild. It seenms |likely these
sanme negative influences are affecting the johnny darter in a

simlar manner in southern Lake M chi gan.



The index trawl sanpling of this study not only all owed
docunentation of the tinme of round goby invasion in the extrene
sout hern basin, but it also provided a quantitative neasure of
the decline in nottled scul pin and johnny darter spanning the
19-yr period of sanple records. O her capture nethodol ogi es
could be used for this assessnent, such as small-nmesh traps, and
di ver or angler surveys, but may be logistically nore difficult
in the southern basin of Lake M chigan. In contrast, the use of
51 mm stretch nesh gill nets are nore easily depl oyed, but
capture only the largest gobies in the near-shore fish community
(McComi sh et al. 2000). Thus, qualitative observations of
establishment and quantitative densities in Lake M chigan have
been difficult to docunent.

The | arger catch of round gobies at station K suggests this
station has environnmental features that are different than
stations Mand G  Shroyer and McCom sh (1998) described station
K as having a heterogeneous bottomw th deep (1 mor nore) clay
depressions and is in contrast to the flat sand bottom at
stations Mand G This variation in habitat along the 5 mtraw
depth may provide an explanation for the differences in traw
catch observed anpbng stations K, M and G

A nore rapid decline of johnny darter frequency of
occurrence was indicated at station G wth parallel declines at

stations M and K | aggi ng behind a year. This could have easily
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been due to a differing rate in invasion by the round goby, or
ot her environnental differences anong these stations. The round
goby in southern Lake M chigan likely originated froma Cal unet
Cty IL invasion (Charlebois et al. 1997) and noved east,
expl aining this tenporal inconsistency.

The popul ati on depression of the nottled scul pin and johnny
darter in the extreme southern near-shore waters of Lake
M chigan is al nost certainly occurring because of biol ogical
interaction with the round goby. This follows a pattern that has
been observed with other exotic species in the G eat Lakes, such
as: sea |lanprey Petronyzon nmarinus inpacts on | ake trout
Sal vel i nus namaycush; al ewi fe Al osa pseudoharengus inpacts on
| ake whitefish Coregonus clupeaform s bl oater Coregonus hoyi;
and yel |l ow perch Perca flavescens; and white perch Morone
aneri cana and Eurasi an ruffe Gymnocephal us cernuus inpacts on a
variety of native species (Lawmie 1970; MIIls et al. 1993; MIlIs
et al. 1994; Shroyer and McCom sh 2000; Madenjian et al. 2002).
Al t hough the extent of the round goby’s inpact on native fishes
is still developing, it is likely understated and may not be

fully understood for sonme tine.
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TABLE 2. Kruskal Wallis test results describing variation in

j ohnny darter, nottled scul pin, and round gobies trawl catch
anong stations M K, and Gin the Indiana waters of Lake

M chigan from 1989 to 1998 and 1999 to 2002. Val ues used for
each year are annual neans from 6 sanpling dates/yr and can be

found in Table 1.

Sample N Site

M K G Degr ees of p
freedom

Johnny darter

1989- 1998 10 10 10 2 0. 46

1999- 2002 4 4 4 2 0. 35
Mottl ed scul pin

1989- 1998 10 10 10 2 <0.01

1999- 2002 4 4 4 2 0. 37
Round goby

1989- 1998 NA NA NA NA NA

1999- 2002 4 4 4 2 0.01
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TABLE 3. Conparison of nottled scul pin and johnny darter
frequency of occurrence for pre (1984-1998) and post (1999-2002)
round goby invasion periods in the extrene southern basin of
Lake M chigan. Val ues designated as * indicate test assunptions

could not be net and the Chi-square test was not cal cul at ed.

Johnni e darter Mottl ed scul pin
Nug?er Freq. of Freq. of
sampl e occur. ’G P occur. G P
0 0,
peri ods N (% N (%
Station M
1984- 1998 90 46 (51) 3.1 0.079 10 (11 * *
1999- 2002 24 5 (21) 0 (0)
Station K
1984-1998 90 63 (70) 6.0 0.015 41 (46) 7.9 <0.01
1999- 2002 24 5 (21) 1 (4
Station G
1989- 1998 60 45 (75) 13.3 <0.01 2 (3) * *
1999- 2002 24 1 (4) 0 (0)
Al |
stati ons
conbi ned
Pre 1998 240 154 (64) 20.2 <0.01 53 (22 13. <0.01
0

1999- 2002 72 11 (15) 1 (1)
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FIGURE 1. Location of the three traw sites: M K, and G in the
sout hern basin of Lake Mchigan. Al sites were |ocated al ong

the 5 mdepth contour and were approximately 0.75 kmin | ength.



