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Abstract

Samples from seven locations at depths to 21 m, collected over periods of up to 8 years, were
used to describe the nearshore distribution and abundance of burbot Lota lota and deepwater
sculpin Myoxocephalus thompsoni larvae in Lake Michigan. Based upon power-plant-entrainment
samples and field collections, burbot larvae (3.0-7.5 mm) occurred from late March to mid-June,
most abundantly in April and May, and most often at water temperatures of 6-12 C. Larvae
were collected from the 0.5- to 13.5-m depth strata as far lakeward as the 21-m bottom contour,
the limit of offshore sampling. In eastern Lake Michigan, highest densities (up to 843 larvae/
1,000 m® were at the 1-m contour; in Green Bay, up to 24,000 larvae/1,000 m® were detected
near the Bark River. High densities of burbot larvae at bottom depths 3 m and less indicated
inshore spawning and river spawning at some sites. Deepwater sculpin larvae first occurred in
early February and were common in March and April entrainment samples. Larvae (8.0-22.0
mm) were in nearshore waters usually through May at depth strata of 0.5 to 17 m as far lakeward
as the 18-m bottom contour. Most larvae occurred at water temperatures below 6 C. Field
densities were low, 5 to 78 larvae/1,000 m®. Deepwater sculpin larvae were pelagic and were

dispersed over great distances by currents.
Received July 12, 1982

Studies of the distribution and abundance of
larval fishes, in combination with size or age
data, can provide insight into habitat require-
ments of early-life stages, extent of early mor-
tality, and dispersal mechanisms. In addition,
such data can be used to infer spawning time
and habitat, particularly when high densities of
larvae are found. Such evidence is especially
important for Lake Michigan, where winter
conditions have hampered life-history obser-
vations on certain species. In this paper, we
summarize our Lake Michigan data for larvae
of burbot Lota lota and deepwater sculpin My-
oxocephalus thompsoni, collected over 8 years of
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research in connection with power-plant-im-
pact assessments.

Burbot has a wide geographical distribution.
Adults occur primarily in deep waters of lakes
(Scott and Crossman 1973). Burbot were caught
at all depths in bottom nets fished during June
through October from 13 to 34 m in north-
eastern Lake Michigan and were most concen-
trated from 13 to 21 and 31 to 34 m (Van Oos-
ten et al. 1946). Studies of burbot in Lake of
the Woods, Minnesota (Muth 1973), Lake Sim-
coe, Ontario (McCrimmon 1959), Oneida Lake,
New York (Clady 1976), and southwestern Lake
Superior (Bailey 1972) indicate probable winter
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spawning over rubble or sand bottoms, usually
on shoals or reefs. Presence of burbot in Great
Lakes tributary streams during winter (our data)
suggests that the species also may spawn in
streams.

Adults and larvae of deepwater sculpin are
primarily inhabitants of the deeper water (>50
m) of Lake Michigan (Deason 1939; Wells 1968).
Adults are bottom dwellers, but our data show
larvae may inhabit any stratum. The deepwater
sculpin and the fourhorn sculpin Myoxocephalus
quadricornis once were considered subspecies, but
now are believed to be distinct species (Robins
et al. 1980) based on morphological characters
(McAllister et al. 1978). Deepwater sculpin pop-
ulations declined in Lake Michigan during the
1960s (Wells and McLain 1972), but made a
striking comeback in the 1970s (L. Wells, Great
Lakes Fishery Laboratory, personal communi-
cation). Adult deepwater sculpin have been col-
lected in Lake Superior as shallow as about 73
m and as deep as 366 m (Dryer 1966), and are
thought to spawn from late November to mid-
May (J. H. Selgeby, United States Fish and
Wildlife Service, personal communication).
Khan and Faber (1974) believe deepwater scul-
pin in the Great Lakes spawn throughout win-
ter, spring, and early summer due to isothermal
conditions in the profundal zones of the lakes
inhabited. Day length or intensity of light often
controls spawning time in fish, but deepwater
sculpin may be unable to detect light at the
depths they inhabit, so may not spawn synchro-
nously (C. Kraft, Wisconsin Sea Grant, personal
communication). (The amphipod Pontoporeia
affinis offers a precedent; it generally breeds in
winter, but deeper than 100 m, it also breeds
outside the cold season, probably because of
darkness: Segerstrale 1970.) Most evidence for
deepwater sculpin spawning time and place is
circumstantial because direct observation, or
collection, of spawning adults is difficult at these
depths.

Here, we address the inshore distribution of
larval deepwater sculpin and burbot in Lake
Michigan, and infer spawning habits and times
for these species. Areas sampled were sites of
proposed or existing power plants, and all sta-
tions fell within the 21-m lake-bottom contour.
Despite this spatial limitation, the data support
some generalizations and hypotheses about the
early life history of the two species. Power-plant-
entrainment samples collected during January
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through March permitted detection of larvae
when field sampling was not possible.

Study Area

The eastern shore of Lake Michigan consists
of sand interspersed with occasional rock and
clay outcroppings (Liston et al. 1981). Four
Michigan electricity-generating plants (sites of
data collection) are located on this shore: the
D. C. Cook nuclear plant near Bridgman, the
Palisades nuclear plant near South Haven, the
J. H. Gampbell fossil-fuel plant near Grand Ha-
ven, and the Ludington pumped-storage plant
near Ludington (Fig. 1). On the western shore,
data were collected at the Haven site 11 km
north of Sheboygan, which has a rocky, fairly
regular bottom, and at the Ozaukee site north
of Port Washington, where the bottom is sandy
and featureless. Data also were collected in
northern Green Bay, southwest of Escanaba.
This area includes wide shoals of rock and sand
adjacent to a more steeply sloping rocky area.

Methods

At all sites except Ludington, larvae were
sampled with conical nylon plankton nets of
0.5-m diameter and 335- to 363-um mesh,
equipped with flowmeters; at Ludington, 1-m-
diameter nets were used. Samples were pre-
served with 10% formaldehyde solution (for de-
tails see Jude etal. 1979, 1980, 1981; WAPORA
1979; Liston et al. 1981).

At most sites two transects perpendicular to
shore were established, one at the plant site,
and one at a reference area. Exceptions were
Ludington (four transects), Escanaba (five), and
Haven (three) (Fig. 1). At Escanaba, in partic-
ular, complex bottom topography, shoals, and
diverse substrates required that more transects
be established. At all sites except Escanaba, bur-
bot and deepwater sculpin larvae were similar
in abundance between or among transects. At
Escanaba, data were analyzed separately by
transect due to extreme abundance differences.

Stations were established at certain depth
contours along each transect to assess plant ef-
fects (Table 1). Samples from the 1-m Cook,
Palisades, and Campbell stations were collected
by waders who pulled the net for 61 m. All
other samples came from 5-minute tows behind
a boat run parallel to shore. At Palisades,
Campbell, and Ludington, in addition to mid-
water and surface tows, nets were mounted on
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FiGURE 1.—Location of seven sites on Lake Michigan where
larval fish were collected during 1973-1980. Lines ex-
tending from shore indicate sampling transects (not to
scale).

aluminum epibenthic sleds and towed along the
bottom. At most sites, discrete depth strata were
sampled at each station by means of horizontal
tows; samples undoubtedly were slightly con-
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taminated by larvae higher in the water column
when nets were retrieved. Depth was controlled
by tow-rope angle and length; error was gen-
erally 0.5 m or less. At Ludington, stepped,
oblique tows were performed. Data from Es-
canaba and Palisades were pooled across depth
strata in order to simplify analyses of dispersion
and density trends.

Field sampling began in April at all sites and
continued into autumn; it covered 1-8 years at
various sites (Table 1). All sites were sampled
during 1978, providing a basis for seasonal
comparisons among sites independently of an-
nual variation.

Power-plant-entrainment samples were col-
lected at the eastern sites (Table 1). At Camp-
bell, 363-um-mesh nets were deployed at the
plant discharge (Jude et al. 1980). At Luding-
ton, l-m-diameter plankton nets were towed
between the jetties in Lake Michigan in front
of the power plant intakes (Liston et al. 1981).
Samples at Cook were taken from the intake
and discharge forebays with diaphragm pumps
(Jude et al. 1979). At Palisades, submersible
pumps drew water from the forebay (WA-
PORA 1979). At the latter sites, pumped water
was filtered through plankton nets suspended
in drums.

Preserved fish larvae and eggs were sorted,
identified, and counted with the aid of dissect-
ing microscopes or hand lenses. Larvae were
measured (total length, TL) to the nearest 0.5
mm. We used Fish (1932), Khan and Faber
(1974), Lippson and Moran (1974), Dorr et al.
(1976), and Wang and Kernehan (1979) for

TABLE 1.—Sampling history for larval burbot and deepwater sculpin in Lake Michigan.

Number Power-plant-
Site of Year(s) Field entrainment
(Fig. 1) transects Stations (depth contours, m) sampled samples samples
East shore
Cook 2 1,6,9, 21 1973-1980 Apr-Sep Jan-Dec
Palisades 2 1,3,6,9 12, 15 1978 Apr-Oct Apr-Oct
Campbell 2 1,1.5,3,6,9, 12, 15, 182, 212 1977-1980 Apr-Sep Jan-Dec
Ludington 4 1.5,3,6,9, 12 1978-1979 Apr-Oct Apr-Oct
West shore
Ozaukee 2 6,9, 12 1978 Apr-Sep None
Haven 3 3,6,9,12 1978 Apr-Sep None
Escanaba 5 1978 Apr-Nov None
On shoals 2 1.5,3,6
Off shoals 3 1.5,3,6,9

2 Samples were taken at these stations only during June to September 1977.

® Samples were taken at this station only during 1979.
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TABLE 2.—Summary of collection statistics for larval burbot and deepwater sculpin at study sites around Lake Michigan,
1973-1980. ND = no data. NH = newly hatched, exact size not measured.

Entrainment and field occurrences

Field occurrences

First-last Larva Water Station Depth Density
collection total length  temperature (bottom stratum (number per
Site dates (mm}) (C) contour, m) (m) 1,000 m?)
Burbot
East shore
Cook 29 Mar-12 Jun 3.5-6.0 0-15 1-21 0-13.5 30-512
Palisades 15 Apr-15 May 3.4-4.6 ND 3-15 ND <10
Campbell 11 Apr-19 Jun 3.0-7.5 4-19 1-15 0-12 12-843
Ludington 17 Apr—29 Jun 3.1-44 3-16 1.5-12 ND 2-120
West shore
Ozaukee? 10 May-18 May NH 6-7 6 6 20-29
Haven 16 May-5 Jun NH 6-8 3-12 0-11 16-61
Escanaba 27 Apr-14 Jun 3.5-7.0 1-15 1.5-9 ND 9-24,000
Deepwater sculpin
East shore
Cook? 30 Mar-8 May 9-12.8 0-11 9 8 27-65
Palisades 28 Apr—4 Aug 9-21 ND 3-15 ND <10
Campbell 2 Feb-18 Aug 8-18.3 2-10 6-18 2.5-17 11-71
Ludington 15 Apr-15 Aug 8.9-22 3-10 1.5-12 ND 3-57
West shore
Ozaukee 11 Apr-10 May 8.5-13 2-6 6-12 0-12 5-78
Haven? 4 Apr-11 Jul 8.5-13 3-7 9-12 4-11 22-24
Escanaba None

2 Few occurrences Only.

identification of specimens. Many larvae from
Campbell, Cook, Escanaba, and Haven were
compared with those in the Great Lakes Re-
gional Fish Larvae Collection (Dorr and Jude
1981) to verify identification.

Length-frequency distributions of larvae col-
lected during day and night from Campbell
were compared for diel differences by the non-
parametric Smirnov test (Conover 1971). This
analysis permitted assessment of net avoidance
by larvae relative to their size. Attained signif-
icance (P) was computed according to Birn-
baum and Hall (1960).

Results
Burbot

Earliest collections of burbot larvae were on
29 March (Table 2), in Cook Plant entrainment
samples. Thus, field sampling that began in
April covered peak abundances that, in most
years, occurred from late April through May.
In 1978, when all sites were sampled, the pe-
riod of peak abundance occurred 2-4 weeks
earlier at southerly than at northerly sites. Most
burbot larvae collected were newly hatched, 3.4—
5.0 mm TL (see Fig. 2 for an example; see also

Jude 1982 for a summary of sizes at hatch). A
few larger larvae (up to 7.5 mm) were collected,
but usually about a month after the first ap-
pearance of small burbot larvae. No burbot lar-
vae were collected after June.

Burbot larvae were collected from waters of
0-19 C, but over 90% were taken at tempera-
tures less than 12 C. Greatest larva densities
occurred at 6-11 C, particularly at Escanaba and
Campbell.

At sites where burbot larvae were common,
they were found at all stations sampled. How-
ever, during April and May at eastern Lake
Michigan sites, their densities were often up to
an order of magnitude higher at 1-m stations
than at deeper ones. Densities at eastern loca-
tions reached 843/1,000 m? at the 1-m Camp-
bell station (May 1980), but never exceeded 150
larvae/1,000 m?® at stations beyond the 3-m con-
tour. During June, larvae were more evenly dis-
tributed among various stations.

Along the western shore, burbot larvae
seemed less concentrated at shallow stations. At
Haven, they were evenly distributed among 3-
to 12-m stations (the 1-m contour was not sam-
pled), but not abundantly. At Ozaukee, a few
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F1GURE 2 —Length-frequency histograms for burbot larvae
collected during day and night at the J. H. Campbell
Plant, eastern Lake Michigan, April to June 1977-1980.
X = mean total length, N = total number of larvae.
Standard errors are in parentheses.

were encountered at the 6-m, but not the 9- or
12-m stations; shallower areas were not sam-
pled. The highest densities found anywhere oc-
curred in northern Green Bay near Escanaba.
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For all transects combined, densities were high-
est inshore at time of peak hatch, as at eastern
sites, but at other times, differences among sta-
tions were neither great nor consistent (Fig. 3).
Even at peak abundance, inshore clustering of
larvae was apparent only for the southern two
transects, which were both closest to the Bark
River and had the steepest bottom slope (Fig.
4). During all sampling periods fewer larvae
were collected along the two shoal transects than
along the three southern ones, but densities on
the shoal still were generally higher than those
found at any other site.

At Cook, Campbell, Haven, and Ozaukee,
where sampling was conducted at discrete depth
strata, burbot larvae were distributed evenly
among strata from the surface to the bottom at
depth contours less than 9 m. Burbot larvae
were collected no deeper than the 13.5-m stra-
tum. Although vertical-distribution data were
pooled at Escanaba, our field impressions were
that no marked differences occurred among
strata except on 10 May, when most larvae were
near the bottom. These larvae probably were
sampled while hatching and had not yet risen
from the bottom. In general, there was no ob-
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F1GURE 3.—Densities of burbot larvae at or above four bottom contours near Escanaba, Michigan, 27 April-14 June

1978. Data from all transects are pooled.
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FiGuRrE 4.—Densities of burbot larvae at 18 sampling stations near Escanaba, Michigan, 10 May 1978. Bottom contours

are shown in meters.

vious pattern in size distribution of larvae among
depth strata sampled.

At sites where sampling was conducted day
and night, slightly more burbot larvae were
caught at night. Length-frequency distributions
compared by the Smirnov test were not signif-
icantly different (P = 0.68) between day and
night, but larvae longer than 6.5 mm were only
collected at night at the Campbell site (Fig. 2),
suggesting larger larvae could avoid plankton
nets during daytime.

Deepwater Sculpin

Earliest collections of deepwater sculpin lar-
vae were on 2 February (Table 2) in Campbell
entrainment samples. Year-round entrainment
sampling at Campbell and Cook indicated
greatest abundance was from early March to
early May. Individuals were encountered as late
as mid-August at Campbell and Ludington.
Summer collections were either from stations
lakeward of the 15-m contour or coincided with
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FIGURE 5.—Length-frequency histograms for deepwater
sculpin larvae collected during day and night at the J.
H. Campbell Plant, eastern Lake Michigan, February to
August 1977-1980. X = mean lotal length, N = total
number of larvae. Standard errors are in parentheses.

upwellings of cold water. The warmest water
temperature at which deepwater sculpin larvae
were collected was 11 C.

Most deepwater sculpin larvae collected were
9-18 mm TL as exemplified by Campbell data
(Fig. 5). Even the smallest larva (8.0 mm) had
little yolk present and may not have been newly
hatched. (Length at hatch has not been report-
ed for this species.) Larger larvae, 18-22 mm,
occurred from April through August at Camp-
bell and Ludington.

Unlike adults, deepwater sculpin larvae were
not bottom-oriented, but occurred regularly in
surface and midwater samples; they were not
abundant at any site (Table 2). There was no
pattern of abundance with depth contour for
most sites (aside from scarcity at stations less
than 6 m), except at Ludington, where there
was a tendency toward greater abundance at
deeper stations.

More deepwater sculpin larvae were collected
at night (79% at Ludington and 62% at Camp-
bell) than during the day, but length-frequency
distrtbutions of Campbell larvae (Fig. 5) were
not significantly different by diel period (P =
1.00) when compared by the Smirnov test. No
deepwater sculpin larvae were collected at Es-
canaba.

Discussion
Burbot
Burbot egg incubation lasts about 70 days at
0to 1.5 C (McCrimmon 1959; Muth 1973), but

hatching is triggered if water temperature rises
only slightly; for example, hatching begins after
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46 days if the water is warmed 2-3 degrees
(Muth 1973). This hinders an accurate infer-
ence of spawning times from times of peak
abundance of larvae. Burbot are known to
spawn under the ice in midwinter (Fabricius
1954; Scott and Crossman 1973; Jude et al.
1979; Coberly and Horrall 1980). Larval-fish
data from eastern Lake Michigan imply possi-
ble spawning from late December through late
April. However, a spawning period extending
into April is unlikely because no adult burbot
in spawning condition have been collected dur-
ing that month (Brazo and Liston 1979; Jude
et al. 1979, 1981). Burbot with ripe gonads were
collected during January and December 1974
at Cook, and burbot eggs were found in tows
at the I-m contour in January 1974 (Jude et al.
1979). At the northernmost site (Escanaba) water
warmed very gradually through mid-May, sug-
gesting that 3.5- to 4.5-mm larvae collected in
June may have been spawned in March or early
April.

The Atlantic tomcod Microgadus tomcod is the
only other member of the family Gadidae to
enter North American freshwater streams (Scott
and Crossman 1973), which it does from Oc-
tober to December. Atlantic tomcod spawn along
shore, in stream mouths or in creeks over sand
or gravel, usually associated with ice (Hardy
1978). Our data and other studies (Adams and
Hankinson 1928; Coberly and Horrall 1980)
suggest similar spawning behavior by burbot,
with the addition of reef-spawning in Green
Bay.

Absence of burbot longer than 8 mm, and
infrequent occurrence of burbot larvae 5.5-7.5
mm, in samples could be due to mortality, dis-
persal, or net avoidance, most likely a combi-
nation of the three. The high fecundity of bur-
bot, sometimes over 1 million eggs per female
(Muth 1973), suggests that high mortality oc-
curs early in life (Everhart et al. 1975). Net
avoidance by larvae usually increases with size.
Young-of-the-year burbot seldom were ob-
served during late summer or fall in the inshore
waters of Lake Michigan. A few young of the
year were impinged at the Cook Plant (Great
Lakes Research Division, unpublished data), and
burbot 200-230 mm TL (young of the year or
yearlings) were collected during October in the
Grand River, Grand Haven, Michigan (C. Pistis,
Michigan Sea Grant Marine Advisory Agent,
personal communication). Burbot surviving past
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the larva period are believed to move to deeper
waters (>21 m), based on our data and obser-
vations of Clady (1976) in Oneida Lake, New
York. Similarly, Atlantic tomcod larvae in the
St. Lawrence estuary are most abundant up-
stream when newly hatched, then move down-
stream to deeper waters and become more de-
mersal (Able 1978).

The wide range of water temperatures (0—
19 C) at which burbot larvae were collected may
indicate varying environmental conditions near
shore in Lake Michigan rather than tempera-
ture preference. Burbot larvae of the size nor-
mally captured (3.5-5.5 mm) have little fin de-
velopment. Thus, larvae are vulnerable to
currents and may not be able to avoid less pre-
ferred temperatures. Higher densities at cooler
temperatures suggest most hatching occurs be-
fore inshore waters of Lake Michigan exceed
8-10 C. Larval burbot probably are best adapt-
ed to cool waters, as are adults. This is inferred
from our data and their distribution in cool
northern climates.

High densities of burbot larvae within the 3-
m bottom contour, especially at Escanaba, in-
dicate spawning may have occurred near shore.
Although burbot eggs are semi-buoyant when
first spawned, after a few days they become de-
mersal (Fabricius 1954). Distribution of burbot
larvae at moderate densities throughout the
water column in nearshore Lake Michigan
demonstrates passive dispersal by currents
shortly after hatching, because larvae are more
buoyant than their eggs.

Ozaukee produced the fewest burbot, but
depth contours less than 6 m were not sampled.
Ozaukee has a featureless sand bottom, where-
as Haven has a rocky bottom and yielded more
burbot larvae at 6- to 12-m stations. Rocky sites
appear to he preferred when available. Densi-
ties of larvae at Escanaba were greatest over
rocky substrate; however, rocky substrate co-
incided with proximity to the Bark River. Adult
burbot have been observed in the Bark and Ford
Rivers in late winter, but no sampling was con-
ducted in the rivers. Spawning may occur in
rivers, larvae subsequently drifting downstream
to the lake. Postspawning migrations upriver by
adult burbot, possibly to leed, have been re-
ported in Canada (McCrimmon and Devitt
1954; Scott and Crossman 1973). Rivers may
serve as sources of food for young burbot, mak-
ing spawning near river mouths advantageous.
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A Wyoming study (Bjorn 1940) showed that
burbot migrated 0.9 km upriver to spawn in a
creek bed. Burbot inhabiting a portion of the
Tanana River, Alaska, spawn in its tributary,
the Chena River (Chen 1969). At the Campbell
site, power-plant-impingement sampling indi-
cated burbot moved into Pigeon Lake (location
of the plant intake), adjacent to Lake Michigan,
during winter. They apparently spawned in Pi-
geon Lake or upstream in Pigeon River, dem-
onstrated by subsequent entrainment and near-
shore distribution of larvae (Jude et al. 1980).
Adult burbot also have been collected during
winter in Muskegon Lake, which connects the
Muskegon River and Lake Michigan, and the
St. Joseph River as far upstream as Berrien
Springs (C. Pistis, Sea Grant Marine Advisory
Agent, personal communication). Thus, var-
ious tributaries of Lake Michigan serve as im-
portant spawning sites or nursery areas for bur-
bot.

Many burbot in Lake Michigan probably are
spawned in Green Bay, as shown by both Es-
canaba larval-fish data and commercial catch
records. Ripe burbot frequently are gillnetted
through the ice in January and February over
shoals and reefs or near shore in Green Bay,
and are encountered most frequently in the
northern part of the bay (Coberly and Horrall
1980; T. A. Edsall, Great Lakes Fishery Labo-
ratory, personal communication). The many
streams Howing into Green Bay may provide
spawning habitat for burbot, in addition to reefs
and nearshore areas.

Deepwater Sculpin

We collected very few adult deepwater scul-
pin at our sites (Jude et al. 1981; Liston et al.
1981; Great Lakes Research Division, unpub-
lished data). Adults primarily inhabit waters
deeper than 50 m in Lake Michigan (Deason
1939; Wells 1968), so our transects, to 21 m,
reached only the fringes of the population. Wells
(1968) found that during October, November,
February, and March, deepwater sculpin had
no more shallow a distribution than during
summer, so important inshore spawning mi-
grations probably do not occur. More likely,
spawning occurs at depths greater than 21 m
and larvae subsequently disperse, some ap-
pearing inshore.

Westin (1969) found egg incubation of four-
horn sculpin lasted 97 days at 1.5 C. If deep-
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water sculpin have a similar incubation period
(not yet demonstrated), the larvae that we col-
lected (not newly hatched) from February to
April would have been spawned from late Oc-
tober to January. Deepwater sculpin taken in
November 1965-1975 in Lake Michigan, be-
tween depths of 73 and 110 m, had cannibal-
ized their own eggs (Wells 1980). Others col-
lected from deep water during April also had
consumed their own eggs; these were well de-
veloped, eyed, and therefore probably close to
hatching (L. Wells, Great Lakes Fishery Labo-
ratory, personal communication). Egg preda-
tion also is evidence for deepwater spawning,
as well as for times of spawning and hatching.

The smallest deepwater sculpin larvae (8 mm)
collected in our studies had already absorbed
most of their yolk, so were not newly hatched.
No smaller ones have been reported from pre-
vious studies (Heufelder 1982). Westin (1970)
demonstrated that fourhorn sculpin males
guard eggs in a nest during incubation. This
also may be the case for deepwater sculpin, as
it is a closely related species. Nest guarding
would explain absence of newly hatched larvae
in our tow samples, because guarded young re-
main near the nest, which is in deep water.

After absorbing their yolk, deepwater sculpin
larvae become pelagic, as evidenced by their
capture in all water strata, surface to bottom.
Pelagic larvae are more exposed to currents than
bottom dwellers and thus may be found far from
spawning grounds. Relative abundance of
deepwater sculpin larvae at Campbell and Lud-
ington may be attributed to frequent upwell-
ings at these sites along the central eastern shore.
Using calcium concentrations, Ayers et al. (1958)
distinguished bottom from surface water masses
in Lake Michigan, and concluded that bottom
currents frequently move from deep waters to
the central eastern shore. Deepwater sculpin
larvae, then, may be carried to the nearshore
zone by upwellings. Current patterns could ac-
count for differences in larval-sculpin densities
between Haven and Ozaukee as well. The west-
ern shore, however, does not display as consis-
tent a current pattern as the eastern shore (Ay-
ers et al. 1958).
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