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ABSTRACT

During Nay and June af 1981 and 1982, the development,
distribution and density af lake herring larvae in the
Duluth-Superior area of western I ake Superior were studied.
Lake herring larvae were present in the area from late April to
middle June but were mast abundant from middle ta late flay.
Larvae hatched along the north share of the lake and congregated
in the area af the Duluth Harbor Entry. Mean densities in this
area frequently exceeded 2000/m and were 10 to 100 times higher
than those in areas along the west and south shares. Density
usually decreased with distance away from the shoreline, and
larvae were nat found more than 6 km from share until later in
June. Although larvae were several times mare abundant in the
<!-2 m depth stratum, especially along the west and south shores,
substantial numbers occurred in the 4-6 m stratum alang the
north shore.

Tentatively, we conclude that the north shore area in the
vicinity of the Duluth Entry is an impartant developmental area
for lake herring larvae. Ne estimate that larvae remain in this
area for 14 � 20 days after hatching, during which time they grow
from about 10 ta :0 mm SL and reach the late mesolarval stage of
development. Preliminary estimates of instantaneaus growth
rates f rom hatching to abaut 16 mm SL in 1981 and 2982 wer e
r'. 0545 and 0. 054 ", respecti vel y, whi ch we hei i eve are
overestimates. Estimates of instantaneous mortaL i ty rates f or
the same size interval s were 0. 4110 and 0 ~ 4176 in 1981 and
''.58~7 and 0.59~2 in 2982 which we also believe are
overestimates.

Ne further conclude that the Duluth-Superior area of
western Lake Superior offers excellent potential for developing
index stations for relating larval abundance and population
dynamics to subsequent year-class strength. Ne also present in
this report the first descriptions of I ake Superior Lake herring
l ar vaea
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IATRGDUCT ION

Lake herring  Coreganus artedii! papulatians in Lake
Superior historically have supported an impartant and productive
cammerical fishery both as direct � yield stocks <Baldwin et al.,
1979; Anderson and Smith, 1971a; Dryer et al., 1965! and as
forage-base stocks for lake trout  Mile and Buettner, 1955!.
Although catches af lake herring reported prior ta 1929 were nat
separated from catches af other species af the Leucichthyes
subgenus <known collectively as "chubs"!, compositions af
subsequent catches that were separated plus information from
other historical accaunts suggest that most af the ear1y fishery
cansisted of lake herring  Baldwin et al., 1979!. The same
catch statistics also clearly document the precipitous decline
in lake herring populations that accurred in Lake Superior in
the mid 1950's.

Decline of caregonine populations in general has been
associated variously with unfavorable interactions with exatics
 Spangler, 1970; Christie et al., 197 !, enviranmental
degradation  Colby et al., 197 ; Edsall and Yacum, 197 -!, and
overe<ploitation  Smith, 1968; Jensen, 1976; Patriarche, 1977!.
Selgeby �98 ' ! presented a canvincing argument that in the case
of western Lake Superior lake herring populations the decline
occurred as a direct result af averexploitation. However,
despite a great reduction in fishing intensity for these
populations fram the late 1960's ta the present, lake herring
abundance has remained very low.

The r easons f or the f ai lure of western popul at i ons to
recover are nat clear. Ander san and Smith <1971b! concluded
that competition far zooplankton between the larvae of lake
herring and smelt  Osmerus mardax! and, ta a lesser extent, lake
herring and bloater  Caregonus hoyi! had a strong negative
influence on lake herr ing abundance. Nore recently, Swenson and
Heist �981! suggested that smelt predatian an larval herring
could account far the herring's continued low abundance in the
Duluth-Superior area. Selgeby et al. <1978! found that smelt
pr edation may be important in areas of high larval herring
density <e. g., Black Bay, Ontario! but that it was insigni f icant
in the Apostle Island regian where larval herring densities were
low. These studies suggest the hypothesis that high mortality
during the larval per ioh may be ane reason why recruitment af
adult lake herring has remained law. At the very least, these
studies, as well as other s <Faber 197'!; Lindstrom 197<3; Reckahn
197~3, 1979; Vi 1 j anen 1980!, cl ear 1 y point ta the need f or a
gr eater understanding af the ecology af larval caregonines and
how their growth and mortality affects adult population si=e.



The present study was under taken as a f irst step in
elucidating the dynamics of larval lake herring in the
Duluth-Superior area of' western Lake Superior. Our immediate
ob jective was to investigate the spatio-temporal distributions
of' lake herring larvae in the area so that index stations Wor
measur ing larval density, growth rates, and mortality rates
could be established. To meet this objective it was necessary
to experiment with quantitative sampling techniques and to
develop methods for determining the ages of field � caught Larvae
so that larval catch curves could be generated.

In this report, we present data on the seasonal occurrence
and distribution of lake herring larvae in the Duluth-Superior
area of Lake Superior. Ne present preliminary estimates of
larval density in 5 index areas and examine the problems
associated with determining growth and mortality rates. Me also
provide the first descriptions of larval Coregonus artedii from
Lake Superior.



METHODS

REAR ING GF LARVAE'

All embryos were incubated thraugh the winter in battery
jars using water fr am French River. Incubation temperatur es
varied from 0+ ta 1.0 C. In mid-April about twa weeks bef are
larvae began to hatch, French River water was replaced by Lake
Superior water, which was used f or the duration of the study.

As 1 ar vae hatched and swam up, they were caught in basket.s
placed below the battery jar». I arvae were removed from these
baskets as soon as possible and placed into rearing baskets made
af pie;;iglass and nitex netting. The rearing baskets were
labelled as to species and date af hatching and placed in
incubation troughs that were part of the same f low-though system
as the egg batteries. Brine shrimp were provided periodically
using the automatic feeding system described by Andersan �970!.
However, the system f requent1 y mal f unct i oned and hand f eedi ng
was added = to ~ times per day. Zaoplanktan strained from Lake
Superior water were added ta the diet about 4 weeks after
hatching had begun.

from the baskets and preserved in
d Rolf, 1977! on the days of hatching

the first ~ 1 days. Larvae were then
The stages of marpholagical

through time and selected specimens
according to the methods outlined

Specimens were removed
Davidsan 's solution  Lam an
and every day afterward for
taken at 5-7 day intervals.
development were determined
were measured and described
below for field specimens.

ln 198:, we intended to rear specimens of C. hoyi, C
enithicus, and C. kiyi. Due to budgetary restrictians, we were

unable to do so.

FIELD SAMPLING

In 1981 sampling for C. ar tedii 1 ar vae»as carr i ed out on
7, 15, 21,. and =8 May and 4 June at the stations indicated in

Larvae of lake herring and raund whitefish  Prasopium
cylindraceum! were reared at the Minnesota Department af Natural
Resaurces French River Hatchery facility. Eggs af lake herring
were obtained from &rule Lake stock an 8-12 November 1981 and
fram Lake Superior stock caught near Bayfield, Wisconsin, on 4
December 1981. Larvae from Brule Lake stock were reared because
MDNR has planted larvae from this stock into Lake Superior since
197~  Herbert Johnson, MDNR, pers. comm.!. Eggs of round
whitefish were obtained from Lake Superior stack caught near the
hatchery an 9 � 1 December 1981. These larvae were reared
primarily as ref erence specimens f or separating f iel d caught
lake herring f rom round whi tef i sh



Figure 1. Larvae were captured with 3 types af samplers: a
Bongo sampler  Smith and Richardsan 1977!, a Tucker travel
 Tucker 1951!, and a meter conical net  Dovel 1964!. All

netting materials of all the samplers were made af nite:<. The
+wo nets af the Bongo sampler were conical  nat
cylindrical � conical as described by Smith and Richardson!, 0.5 m
in diameter at the opening, and 2.5 m deep. .The mesh of the
nets was 0.506 mm and 0 ' 200 mm, respectively. The net of the
Tucker trawl had a rectangular opening 1 m wide by 1.3 m high
and was 5 m deep. The mesh of the nettinq was 0.506 mm. The
Tucker trawl was rigged with a messenger apparatus for apening
and closinq the net  Hopkins et. al. 197='!. The meter net was
conical, 1.0 m in diameter at the opening, 5 m deep, and made of
0.706 mm mesh netting.

The samplers were tawed, usually ~ at a time in various
combinations, from the Research Vessel L.L. Smith, Jr.
 University of Wisconsin-Superior!. Each sampler was equipped
wi th a cal i brated General Ocean i cs Model 2031 f I owmeter f ar
measuring the volume of water strained. Depressors were used on
the Bongo and meter net samplers; the Tucker trawl frame itself
was weighted. Depths of the samplers were determined from the
angles and lengths of the tawing cabl es. Sampling 1 acati on and
speed af +he +aw were determined by Loran C instrumentatian, and
water depth was determined by sonar. Because we were attempting
to determine the best way to deploy samplers f rom the vessel and
because the vessel 's speed wa» hard to cantral pr ecisely, the
towing times and speed~ varied considerably during the 1931
sampling period. We began making 1 to 15-minute taws on 7 May
but reduced the time ta 10 minutes on later dates. Towing
speeds usually tapered fr om :.2 ta 1.5 m/sec during the taws.
Taxing was initiated fram the sides of the vessel, well farward
af the stern, and every effort was made to keep the samplers
away from the prop wash. ln 1982, the sampler used in the
surf ace stratum was tawed f ram a baw davi t that kept it f ree
from both the bow and stern wakes.

ln 1981 12 sets of paired samples were -callected with the
Bongo sampler and Tucker trawl, and 10 sets were collected with
meter net and Bongo sampler in order ta campare relative catch
efficiencies. All samples were collected during daylight hours.
e:<cept on 28 May when 8 samples were collected along the narth
shore between . 0 hrs  :8 May! and 0100 hr s   -'9 May! . These
samples were collected at ~ locations sampled between 1.. 00 and
14. -0 hr s on:8 May.

In 1982 sampling was canducted an 23 April; 7, 14,:4, 8,
and .30 May; and 3. 11, and 18 June at the statians designated in
Figure 1. Normally, two Tucker trawls were deployed during each
tow, one sampling +he 0- m stra+urn and the other sampling the
4 � 6 m s+ratum. Far purposes of analy=ing the distribution af
larvae, the study area was divided into 5 =-ones  Fzqure 1! that



were sampled during each excursion. Water temperatures in these
"ones were measured to a maximum of 1O m depth at I m intervals
with a YSI telethermister that was checked against a pr imary
standard mercury thermometer. Transparency was measured with a
Secchi disc.

ANALYSES OF F IELD COLLECTIONS

Some specimens collected fram Lake Superior were examined
while alive ta check for pigmentatian characteristics that might
be lost after preservation. Specimens were preserved in
Davi dson ' s saluti on and returned ta the 1 aboratory f ar anal ysi s.
In 1981, the standard and total lengths af representati ve
specimens in gaad candi ti an were measured wi th an ocul ar
micrometer ta the nearest O. 1 mm. Based on the standard length
data, length categaries far the larvae were set up, and most
specimens in goad condition were measured and assigned to a
length category. All specimens captured during the day on 28
May were counted but large samples were divided roughly into
thirds by eye and I/3 of each sample was measured. Specimens
collected in 19' were treated in a similar way, except that 4
ver y large samples were subsampled using a Folsom =aapl ankton
spliter. Specimens that could not be assigned a length category
because of their paar condition were counted and apportioned to
length categories according to the percentage compostion of the
measured specimens in the sample. The catch per effort <CPE!
for each length group in each sample was calculated by dividing
the number of' specimens by the valume of water strained  m !.
The quotient was multiplied by IOOO to yield a CPE equal to the
number of larvae per IOOO m . This expression of CPE will be
used throughout this reports The paired catch statistics of the
di f f er ent sampler s used in 1981 wer e determined and compared
using a Student 's paired t-test.

Preliminary larval growth rates were estimated from the
2982 and 2982 catch data using the methods of Hackney and Webb
�97S!. The~e estimates were used to determine the age
associated with various length groups. Larval catch curves were
then determined and instaneaus mortality rates were estimated.
Growth increment. and mortality rate data fram the literature and

.information fram aur reared lake herring were used to help
assess the suitability af using the above methods on Lake
Superior lake herring.

ln order to establish the identity af field specimens and
to provide data for the description of field caught lake
herring, representative specimens were selecced from samples
collected throughout bath f'ield seasons and were e:-.amined in
detail. Up to 14 morphametric, measures were made an larvae with
yolk sacs and up to 11 were made on mesolarvae  Figure :!. All
measurements were made with calibrated ocular micr orneters.
Measures followed the methads of Fuiman  I979!, e;:cept that body



depth was measured below the middle of the darsal f in anlage and
at the paint of gr eastest depth over the yolk sac. measurements
of the yalk sac length and depth and oil globule diameter were
taken as shown in Figure . In addition, preanal and pastanal
myameres were counted. The preanal count began at the myamere
into which the pelvic bud was inserted and ended with the last
myamere ta be dissected by a line perpendicular ta the posterior
margin of the vent. The pastanal myamere count ended with the
last myamere whose dorsal and ventral lobes cauld be
distinguished. The number af actinotrichia  fin ray bases that,
give rise ta the fin r ays! and lepidatrichia  developing or
developed fin rays as used here! also were counted when present
in the caudal, anal, and dorsal fin anlages.

DESCR IPTI QN QF THE STUDY AREA

The extreme western portion af Lake Super ior is a
relatively shallow water habitat that is strongly influenced by
the nutrient rich discharges of the St. Louis and Nemadji
Rivers. It also is- inf l uenced by plumes of red clay turbidity
that came fram the Nemadji and other sauthshore streams  Swenson
1978! . The distribution af the plumes is usually alang the
sauthshare but may reach al l the way ta the narthshare under
certain weather conditions, thus affecting water clarity
thr aughaut the area. The maximum water depth in this area is 46
m and the average is ~1 m. The +ollawing are brief descriptions
af the zones sampled in 198:  part» af which alsa were sampled
in 1981! ~

The zane designated Narthshore I  NS I! extended fram the.
Duluth entry ta just east af the mouth af the Lester River.
This zane included stations CC, D, and E in Figure 1. The water
in this zane was influenced by the discharge af the St. Louis
River and, ta a lesser extent, by the upwelling and
counter � clackwise currents from farther up the northshore.
Strong winds fram the east and southeast frequently pushed
turb i d surface water into the zane f ram the sauthshore. The
western end af the northshore basaltic trench extended through
thi s zone gi ving it an irregular bottom and a sharpl y increasing
water depth within a f ew hundred meters af the sharel inc. Meter
depths at the sampling stations ranged from 6 to 16

The zone designated Narthshare !!  NS II! extended fram the
mouth of the Lester River to 2.~ km southwest of the Talmadge
River and included stations AA, 4, 8, and C in Figure 1. The
water in this zone was often much colder and clearer than that.
af NS I due ta lesser influence fram the St. Louis River and
greater inf luence from northshare stream runof f and lake
upwel ling  Table 1! . However, there wer e occassions when warm
and turbid water f ram the southshare extended into this =-one.
The shoreline relief in this =one was a bit steeper than in NS
I, and depths at the sampling stations ranged fr om 6 ta ' m.



The westshor e zone  MS! extended fram the south side of the
Duluth Entry alang Minnesota Point to the Superi ar Entry and
included stations F and G in Figure l. Water in this zone
usually was a little warmer than either of the narthshore zones
<Table 1!. Cold water upwelling was not a factor here, and the
sandy bottom and more gradual slope allawed faster warming in
the spring. The water often was turbid as a result of' local
wave action and the movement af sauthshare water inta the area
under certain weather conditions. Depths at the samping
stations ranged fram 6 ta 8 m.

The Sauthshare I zone  SS I! extended from the west end af
the sauthshore to the mouth of the 4micron River and included
stations N, NN, X~ XX, and YY of Figure l. The Sauthshore II
zone  SS II! extended from the mouth af the Amicron River ta the
mauth of the Papular River and- included stations Y, Z, and ZZ.
Goth SS I and SS I I were stongly inf luenced by the turbid
discharges of the Nemadji River and other southshare streams.
As a result, they usually were the most turbid zones. They also
were the warmest zones due to the inf luence af stream runof f and
f aster spring warming af' the shal 1 aw water  Tabl e 1! . The
bottom was sand with red clay sediment, and the slape was very
gradual. Depths at the sampling stations ranged from 6 to 8 m.



Fi gure l. Duluth-Superior area of western Lake Superi or showing
stations and =ones sampled %or lake herring larvae in 198l and
198~.



yolk sac
depth

oii gobui

Figi~r e 2. Norphometric measures made on larval lake herring
DBD=body depth under dorsal fin; ED= eye diameter; HD= head depth;
HL= head length; PAl = postanal length; PRAL= preanal length; PRDL=
predor sal length; SL= standard length; 'BNL= snout 1ength, "TL= total
length; YBD= greatest body depth over the yolk sac.



ZONES

W S

Dates/
Strata SS I SS II DeepNS II

3 ~ 0/
.0/

3. 0
~ .5

4.A
.5

Nay 7 S
D

Nay 14 S
D

7.0
6.5

7.5
7 ~ A

7.0
6.0

3. 0/
2 ~ 5/

8 ~ 5
8.0

3.5

.0
8 ~ 5
7.A

Nay 24 S
D

/f:3. 0
/ 4.5

10. 5
fC>.0

12. 5
8.0

ay B S
D

14.0/

6. 5/
13. 0
11 ~ 5

8. 5
5.5

May 30 S
D

f <�!.5

4.0
f -3 ~ 0

8 ~ 0
16. 5
1 ..5

16. 5
11 ~ 0

Jun S

D
7.5/10.5

6.5/ 9.0

5.A

4.5
11.C!

9.5
f0.5

~ 5

6.0/ 7.0
5.5/ 7.0

Dun 11 S

D
5.5

4.5
10.0
1A. 0

10. A
1A. A9.0

/1 ..5

/12. 0
f0.0Jun 18 S

D
11. 01 .0

11. C! 9.5 10. 5

Numbers to left of slash f rom station CC and numbers to
right. from station E.

Table f . Summary of Lake Superior water temperatures measured
during the 1 982 sampl ing per i od. S = 0- - m stratum, D = 4-6
str stum. Temperatures are mean temperatures of the stratum given
to t he nearest 0. 5 C.



RESULTS AND DISCUSSION

IDENTIFICATION OF FIELD SPEC I MENS

We have identified aur field specimens as Coregonus artedii
Lesueur based on several cansideratians. There is little
questian that larval C. «lupeafarmi» and Prosopium spp. can be
separated fram the larvae af the subgenus Leucichthys, to which
C. artedii belang», based an the studies and discriptions af
Hart <1930!, Pritchard <1930!, Fi sh �932!, Price �935!,
Normandeau < l963!, Faber   l970!, and Hinri chs �979! . The
mar jarity af aur f i eld specimens clearly are Leucichthys, and
they are morpholagical ly and developmental ly indi.stinguishable
from the Lake Superior and Brule Lake C. artedii that we reared.
Most af aur field specimens do not have dorsal melanophares
larger than the width of a myomere, which is a characteristic
ascribed by Hinrichs <1979! ta C. hoyi. <However, abaut 5/ of
both aur field specimens and aur hatchery reared C. artedii
displayed this characteristic,!.

Perhaps a mare important consideration is that of' seasonal
habitat. In the Bay of Quinte, Lake Ontario, where C. ar tedii
was the only Leucichthys species present, Pritchard <19~0! found
larvae in May in shallaw water near the surface. Likewise Clady
<1976! reported that C. artedii larvae in Oneida Lake were
concentrated in the upper m of ~ater near shore during May.
In contrast, Wel 1 s <1966! r eported that 1 ar val L. hoyi in Lalke
Mi chi gan wer e concentr ated n ear the bot tarn i n water s 90-110 m
deep. In May, Wel ls f ound very f ew larvae in water less than 45
m deep and he found none in ~ater 1 ess than 18 m deep. These
studies and other s indicate that larval Leucichthys captured in
May and ear I y June near the surf ace in nearshore waters should
be C. ar tedii. Thi s habitat. criterion al ong wi th knowledge of
spawning grounds has been used previously by Faber �970! and
Sel geby et al. <1978! ta identi f y captured larval Leuc ichthys as
C. artedi i.

At present, we do not know what the larvae af C. kiyi and
=enithicus laak like, nar do we have any information on their

seasonal occurrence and distributian. However, based an what is
known about the adult distribution and spawning  Scott and
Crassman 197. !, we waul d expect to f ind f ew of their larvae in
sh al 1 ow sur f ace water s in May and early J~ ine. Thus, despi te the
absence of descriptions and reference specimens af the latter
two speci es, we bel i eve we are justi f i ed in i denti f ying our
specimens as C. artedii. Further, we have been canservative in
our identifications and have nat included specimens with large
dorsal melanaphores in our quantitative analyses, despite their
resemblance to reared C. artedii. Several specimens collected
in April and Pay 198= also were excluded because of their large
si=e yet early stage of development .



DES .R IPT I GNS OF LAKE SUPERIOR LAKE HERR ING LARVAE

Because of their recent speci ation, subsequent.
hybr idization and introgression, and high degree of phenotypic
plasticity, coregonine f ishes have presented a cansiderable
tax onomi c problem  Svardsan 1979", Todd et al . 1981! . The f act
that adult papulations exhibit a high degree of environmentally
induced variation implies that larval populatians do as wel l.
Because lake herring larvae from Lake Superior  reared or wild
caught! have never been described, we provide belaw detailed
descriptions af aur field specimens pointing out the
marphalogical variation that we observed. We use the basic
terminology af Snyder �976! for phases of development during
the larval period. We further subdivide the phases into several
standardized stages that we believe may help us in future to
provide relative age brackets far f ield specimens. At a later
time, we hope to provide line drawings to accompany the
descriptians.

Pratalarval Phase

Early Pr otolarvae--ranged in size from 8 ~ 8 ta 1:. mm SL
 9. to 1 . 8 mm TL! but usual 1 y were 10. 0 to 11.5 mm SL. This
stage was characterized by the presence af large, bright yellow
yolk sacs  usual 1 y gr eater than i. 5 mm lang and 0 ~ 7 mm deep!;
smal 1, blunt snouts; subterminal mouths with the lower jaw
extending only ta the anterior margin af the eye; the absence af
actinotrichia in al 1 f in fold anlages; and the absence af dorsal
f 1 exure af the notochard in the caudal f in f alh. E:.agenous
f ceding began dur ing this stage <~7 of 80 specimens 10. 7 � 11. 5 mm
SL had f ood in their gastraintestinal tracts! . 4 summary af
marphametry and myamere caunts for this stage is given in Tables

and

Late Pratolarvae--ranged in si-e in fram 11.5 ta 14.. mm SL
  12. 0 to 15. 2 mm TL! but usual 1 y were 1 ~ . 0 ta i~. 0 mm SL. Thi s
stage was characteri=ed by a noticeably reduced amaunt af yolk
 yolk sac usually less than 1.4 mm lang and 0.6 mm deep!, a mare
abvi.ous snout, a lover jaw usually extending somewhat beyond the
eye, and the presence af at least = actinatrichia but na
lepidatrichia alang the ventral aspect af the notochard in the
caudal fin fold. Artinotrichia did nat form in the dorsal and
anal f in anl ages during thi s stage. 4 sl i ght dorsal f 1 exure of
the natachard was evident in a small number of specimens, but
usual ly f lexure occurred in the early mesolarval stage. The ail
glabule and same yalk material were still present at the end of
thi s stage, al though the amount varied great 1 y, espec i al 1 y in
larvae fram later hatching cohorts. We nated that many af the

mm SL specimens collected =4 Nay 1982 had 1 ess yolk
than did same af the 1.'-14 mm SL specimens col 1 ected 14 Nay
198 . Thus, yolk may be used up relatively fa"ter by
pratalarvae from later hatching cohorts. Nor phometry and

1 ~



myomere counts f' or thi s stage appear in Tab 1 es: and

Protolarval Pigmentation � The yolk material in living
specimens was bright yellow with small flecks af light orange.
The oil globule was translucent and a rather deep arange ca1ar.
No ather xanthaphyllic pigmentation was nated.

The number, size, shape, and distributian af melanophores
was extremely variable. This was true for hatchery reared
specimens as well as wild caught. In general, protalarvae were
not nearly so heavily pigmented as thase described by Pritchard
�9-'0! and Fish �9~'2!. Nar were the melanaphares as regularly
arr anged as those depicted by Faber �970! . The amaunt and
pattern of pigmentation mare closely resemb1ed the descriptions
of Hinrichs �979!, except that bath hatchery reared and wi1d
caught larvae frequently passessed darsal melanophares that were
larger than the widths af the myameres.

Early pratalarvae had . -'2 melanaphares on the darsal
surf ace af the pastarbi tal regi on af the head. Same af these
were contracted and others were ovate stel late. Usually, one to
several contracted melanaphores were present an the nape.
Normal1y, fewer than 10 melanophores were present an the
predor sal area. They were widley spaced and arranged
irr egularly with respect to r ight and lef t myameres. Dorsal
mel anaphares became more numerous caudal 1 y, such that the dorsal
aspect of the caudal peduncle had 1 or more contracted
me1anophores per myomere. Small melanaphores were present alang
the dorsal and ventral aspects af the caudal notochard.
Genera11y, darsal melanaphores were smalLer than the width of a
myomere. However, about 5/ of the wild caught and reared
spec.imens exhibited more than - ovate stellate dor-sal
melanaphares that were Larger than the width of a myomere.
About -0/ of the early protolavae examined f rom the f iel d were
immaculate on the head, nape, and predorsum, and they passessed
fewer melanophares in all ather areas. About 10/ af the reared
specimens showed thi s very spar se pigmentation.

The occurrence af' melanophor es an the yalk sac also was
highly variable. Sometimes there were anly a few small,
concentr ated mel anopor es aver the oil gl obule and a f ew more an
the lateral aspects of the yolk sac. ln the other extreme, many
smal 1, stel late mel anophores wer e scattered over the entire
1ateraL and ventral surfaces of the oil globule and yolk sac.
The shapes of i ndi vi dual mel anophores var i ed f rom round and
square stel late to streaked.

411 specimens showed a series of we11-deve1aped and tairly
r egul arly spaced melanophares alang the dorsalateral aspects of
the intestine beginning on the caudal one-third of the yolk sac
and e:- tending to the vent. Again, the si ze and shape of
rnel ar aphores var i ed greatly, but their regular arrangement was



always conspicuous in lateral view. Same specimens pa~~essed a
few scattered super ficial melanophores more laterally on the
intestine. The number of these tended to increase throughout.
the phase. Pigmentation on the ventral aspect af the caudal
peduncle resembled that af the dorsal aspect, except that fewer
melanphar es were present. The myomeres of protolarvae were nat
pigmented laterally.

Mesalarval Phase

Early Mesalarvae--ranged in si=e fram lZ.b to 17.2 mm SL
 l.. 1 to 18.5 mm TL! but usually were 13.0 to 14.0 mm SL. This
stage was characterized by the presence of at least 2
distinguishable caudal 1epidotrichia in the caudal fin-fold, the
presence of well def ined maxillary bones, and the absence of
pelvic f in buds. Cauda1 1epidatrichia f irst f ormed in the
ventral pration of the fin anlage, where ~-5 rudimentary rays
were evident in most. speicmens 1onger than 1.3.0 mm SL. Usua],ly
very 1ittle dorsal flexure af the urostyle had occurred by this
t ime, but, by the end af this stage a 10 to 0 degree f 1 e: ure had

- occurred. Actinotrichi a f armed in the anal and dorsal f i n
an1ages during this stage. They formed at about the same time,
a1though they wer e often better developed in the anal anlage
suggesting a slightly earlier develapment there. The latter
observation di f f ere f ram tt at of' Pri tchard �9 0! and of
Hinrichs �979!. Anal and dorsal actinotrichia gener ally farmed
after urastyle f1exur e. Anal and dorsal 1epidotrichia did nat
devel op during thi s stage.

Nearly all early mesolarvae lost all traces af yolk and oi1
g1obule materials by the time they reached 14.0 mm SL. The
largest larvae with visible ail glabule material was 15. 1 mm SL.
In 3une 1982, few mesalarvae longer than 1..5 mm SL passessed
yolk or oi 1 globule remants, again suggesting a s1 i ght 1 y f aster
absorption rate relative ta size for later hatching cohorts.
The disappear ance of yolk material tended to precede slightly
the f ir st evidence of' anal f in actinotrichia.

At about 1 . 5 mm SL the out 1 ine of the max i 11ary bones
became visible. These bones were wel 1 f or«<ed andconspicuaus in
mesolarvae prior to the formation af pelvic b«ds. The lower iaw
at .this time extended anteriorly and dorsal ly of the eye to the
level af the pupil making the mouth nearly terminal.
Mor phametry and myamere counts for this stage appear in Tables 2
and

Mesol arvae F l � � ranged in si ze f rom 14. <! to 21. 0 mm SL �4. 6
to 2. <. mm TL! but usual ly were 16. 0 to 19. 0 mm SL. This stage
was characterized by the presence of pelvic f in buds and the
absence of well def ined anal and dorsal f in lepidotrichia.
,nuring this stage the anal and dorsal f ~n actinotrichi a reached
f ul 1 develcpment, and the ana1 and dorsal f in anl ages became

14



more clearly demarcated as the f in fold degenerated. Darsal
f le;;ure of the urostyle surpassed 45 degrees by the end of this
stage, and segmentatian could be seen in some af the caudal
lepidotrichia. Na ray development of any I:-:z nd was evident in
the pectaral or pelvic f ins.

Mesolarvae I I I--ranged in si. =e fram 19. 1 ta 2:. 4 mm Sl
  2. 1 ta:4. I mm TL! . Few larvae of this stage were collected,

but mast were aver 21 mm SL ~ The stage was characterized by the
presence af anal or dorsal fin lepidatrichia, usually bath. The
dorsal fin fald of all mesalarvae IlI specimens was
discontinuaus between the dorsal and adipose fins  some
mesalarvae II shawed this characteristic!, and the anal fin was
clearly demarcated. The largest, most campletely developed
specimen collected still did nat have a full complement o+
median fin rays, nar did it show evidence af forking in the
caudal fin. There was still no evidence of ray formation in the
pectoral ar pelvic fins in this specimen, although the pelvic
fin- were aver 1 mm long. Modes af marphometry and myamere
caunts are not reported in Tables 2 and 3 for this ~tage due to
the small sample si=e.

Nesalarval Pigmentation � � The number af melanophares
increased gradually during the mesolarval phase. In the early
mesolarval ~tage, most of the parietal area of the head was
covered by a combination of stellate and small contracted
melanophores. Small contracted melanophores were also present
in the occipital region and on the -naut. Most early mesolarvae
had farmed two more or less unintorrupted rows of melanophares
e'.:tending f rom the predorsus to the tip of the >rrostyl e. Of ten
these dorsal rows became more regular and were more dense from
the dorsal fin anlage to the middle of' the caudal peduncle.
Along this area many specimens displayed regular pairing af
melanophores on either side of the fin fold, a pattern
associ ated wi th C. c lupeaf ormi s larvae. Qf ten the ovate
stellate melanophores in this regian were larger than the
myomere widths  in bath reared and wild caught specimens>.
Ventrally, the anterior margin of the yolI: sac remnant became
demarcated from the isthmus by a line af melanophores that
e.<tended laterally to the ventral insertions of the pectoral
f'ins buds.

By the end of the early mesolarval stage, more melanaphores
were present laterally along the intestine and on the ventral
caudal penduncle. Several small but conspicuous melanophores
were present an each opercle. The pigmentation patterns af
mesolarve II and I! I were similar to that of early mesolarvae
e'.-'.cept that the pigmentation was more intense. More
melanophores were gradually added along the dorsus and some
e;-:tended onto the dorsolateral aspect of the body. Additional
mel anphor es developed lateral ly and super f iczal ly to the
intestine. No pigment developed in dorsal, anal or lateral
fins.
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Table 2. Summary of mor phometry of larval 1 ak e herring col l ected f rom
~est em Lake Superior 1981 � 82  TL=total length; SL=standar d length;
PRAL=preanal l ength; PDL=predorsal length; ML=head I ength; MD=head depth�-
DE<D=body depth under dorsal f in; YBD=greatest body depth at the yolk: sac-
ED=eye di ameter: YSL=yol 4 sac length; YSD=yol k. sac depth; GGD=oi 1 gl obul e
diameter! ~



Tail e . Summary of myomere counts of larval lake her ri ng col l ected from
western Lake Sc~.perior, 1982 � 8'.  PAM=preanal myomeres; PtAM=postanal
myomeres; TotM=total myomere coUnt!.
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early early ill

Count range mode range mode range mode range mode range mode+
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COMPARISONS OF THE SAMPLERS

The catches and corresponding CPE's fram the paired sampling
tests are given in Table 4. Surprisingly, the side af the Bongo
sampler with the 0.200 mm mesh size always caught nearly the
same number af larvae as the side with the 0 ' 506 mm mesh size.
Paired t-tests showed no significant differences for number of
larvae caught or CPE at P.;:0.05. The meter net often caught as
many total larvae as the Bongo sampler, but its CPE's were
f airly consistently and si gni f i cantl y �.05 level! lower than
those of the Bango sampler. This was e>;pected because the
bridles preceding the meter net should tend ta increase larval
avoidance.

The Tucker trawl caught more total larvae than did the
Bongo sampler during every test. However, because it. filtered
nearly four times as much water during each run, its CPE's were
sometimes lower than thase of the Bongo sampler. The
differences between Tucker trawl and Bongo sampler CPE's were
nat signif icant. Based an these results we estimated larval
densi t i es only f ram Bongo samp 1 er and Tuel',er trawl catches in
1981.

Although the Bongo sampler and Tucker trawl yielded similar
estimates af density  CPE!, we decided to use Tucker trawls in
198 far twa reasons. Far the same amaunt af towing time, Tucker
trawls provide mare total larvae, especially in areas of law
density  Table 4! . Relatively large numbers of larvae are
de-irable when length frequencies need ta be reliably
determined. Also, since Tucker trawls can be opened and closed,
t hey can sample descrete depth strata without contamination fram
other str ata.

SEASONAL OCCURRENCE, RELATIVE ABUNDANCE, AND D I STR1 BUT ION

Seasana1 Occurrence and Rel at i ve Abundance

Dur ing 1981 and 1982 respect i vel y, a total of 801~ and 854
lake herring larvae were collected fram western Lal.e Superior.
Table ~ summarizes the catches for each sampling excursion
due ing the twa years. Larval lake herring were present in the
stitdy area on every sampling date but their relative abundance
as measured by CPE was highly variable through space  as will be
shown later! and time  Fig.. !. In 1981, mean CPE remained near
ar abave 200 throughout May, but fell ta 18 by 4 June. In
contrast in I'782, mean CPE remained well below 100 until 24 May.
It reached a peak araund 28 May and remained abave 100 into
June. By 11 June mean CPE had fallen sharply to 4. Plots af
ma:;imum CPE showed the same seasonal patterns of relative
abundance as did mean CPE  Fig. '!.

We were unable ta determine a preci-e period when hatching



Table 4 ~ Paired sample catches used to evaluate relative catch
ef f iciencies of the three samplers used in 1981. Catches with
CPE s less than 1 were not used in pai -ed t-test analyses.

37 222.081 78.2 48 158.2

14 72.894 118 ~ 4 1 109. 1

418 610 ~ 326 1766. 245 1 2520. 7

65 84. 8 46 254. 9 47 260.5
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0 0.<> 0 0.0

0.8 0 0 0 0
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Table 5. Summary of catches of larval l ak:e herring f rom western Lake
Superior, 1981-82. Catch per ef f ort  CF'E! i s the total number of lan vae
caught per 1000 m of water f i 1 ter ed. Mean CPE i s the sum of the sample
CF'E ' s di vi ded by the number of samp 1 es cont ai ning I ar vae.

Sampling Dat es

5/7 5/15 5/.I 5/-8 5/28 6/41981

3 181 255 18446

14
-9 � 1384

78
� 942

4 49
-543

Range
CPE

686 2149 5 4111 940 122No. Larvae

602 10.No. Me as ur ed 1898

No. Samples
with larvae

148

18 -6Total Sampl es 1715 ,l9

4/., 5/7 5/14 5/ 4 5/..8 5/30 6/.. 6/11 6/18198:

Mean CPE ' 99 13696

Range
CF'E

I
� 109

1
� 980

4
-1118

1
� 1<.!<�

1
� 14

1
-6

No. Lar vae 1887 1554 1796385182 3 'v

No. Measured ;60 1091 77 ! 104 C! .-0

No. Samples
with lar vae

1019 17

Total Samples 2 ! 14 l4 w4

I Sampl es not f rom normal study are, not included in late analyses.
Day samp 1, es   13K!! !-143 ! hrs!
Ni ght sa mp l es �~. 0-01< � hr s!
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4 20 8
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af lake herring began in each year. However, it i» clear from
the pr esence of 17 mm and longer metalarvae in the 7 May catches
of 1981 and 198  Figs. 4 and 5! that at least one cohort of
1 ake herring had hatched wel I bef ore the f ir st of May in both
years. The f act that only 1 newly hatched larva   I i-11 mm! was
cal l ected on 2~ April 1982 suggests that the f irst major hatch
occurred during the last week of Apr il in 19S . In 1981, the
predaminance of 1 mm larvae on 7 May sho~s that another cahort
hatching series was wel 1 under way by that time. This cohort
was discernable throughaut the sampling series, and there was
little evidence of substantial recruitment of other hatching
cahorts  Fig. 4! . In contr ast, the 198 ~ length frequency data
shaw that a new cahort had just begun hatching on 7 May and that
substantial hatching cantinued wel 1 into May  Fig 5! .

Larval lal.e her r ing were sti11 present in the study area on
the last sampling date of each year � June 19S1 and 18 June
1982!, but their abundance was .very Low. The movement out of
the study area in J~ne was not size specif ic, suggesting that
some physical or biotic factor unrelated ta ontogeny caused the
emigratian. Regardless of size, lake herring larvae usually
are not tound in this area af ter mid-June  M. Bal cer and hi.
Swenson, Center for Lake Superior Environmental Studies,
Universi ty of Wisconsin-Superior, pers. comm. ! .

Distribution

In 1981 samples were taken in a variety of locatxons to
give us a preliminary idea of the where lake herr ing were
located. lAe concentrated the sampling in the upper 2 m af water
column based on the result~ of Anderson and Smi th �971! and
Sel gaby et al. �978! ~ General. ly, larvae were more abundant
nearshore than of f shore, and they were particularly abundant in
the area around the Duluth entry  Fig. 6!. Lake herring larvae
wer e not found in deep, open waters sampled on 7 and 21 May.

The 198= sampling was more systematic and included 4 � 6 m
depth samples as well as upper m samples. These results
suggest several trends. First, CPE was consistently highest
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l arvae col 1 ected in western LaI:e Superior in May and Jvne of 1981
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Fi gure 4. Length frequency di str ibut i an a+ l ake herring 1 ar vae
col leaked in western Lake Superior 7 May � 4 June, 1'781.
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along the north share, especially in zane NS !, which !.s in the
area of the Duluth Harbor Entry  Fi gs. 7 through 1.~~! . The
length frequency- patterns  based on CPE! strongly suggest that
larvae were hatching somewhere along the north shore and were
congregating  or hatching! in NS !. The consistency af the
pattern from date ta date further indicates that larvae were not
dispersing to the west and south shares ta any large extent.
Second, the south shore apparently was utilized primarily by
la> vae from an earlier hatching series as evidenced by the
length distribution data in Figs. 7 and 8. We da not know if
these larvae hatched in this area  SS I> or dispersed to it
later f ram another area. Appar ent1y very f ew larvae f rom the
Nay hatching seri. es util i zed the sauth shore area. Third,
although larval 1ake herring were nearly always mare abundant in
the 0-2 m stratum than in the 4-6 m stratum, at times they did
occur in substantial numbers at 4-6 m along the narth share.
Gnly rarely were they present in this depth stratum alang the
west and sauth shares.

There is some slight evidence that in June larvae maved
away fram the west end af the lake to deeper water. Gn 11 and

� 18 June 198 nearly all larvae collected were in -ones NS II and
SS II and in the apen water between these zones  Figs. 11 and
1 ~ ! .

ln general the vertical pattern of distibutian was what we
expected based on the studies previously mentioned. We need
additional sampling to fully characteri e the hari=antal
distributian. The 1982 data clearly indicate that the nearshore
area around the Duluth Entry and along the narthshore is a very
important high-density area The 1981 data suggest that thi-
high-density area extends aut from the west � and narthshores
into deeper water, but exactly how far we do not know.

.probably does not extend much further east than the Lester River
nar much further south than the Superior Entry. The density in
Duluth Entry ar ea freqently exceeded 1000/1000 m and was 10 ta
100 times higher than densities along the west and south shores.

We were unable ta sample in ar eas much less than 5 m deep,
and it. may be that larvae were even mare dense in these areas.
F'ritchard �9~0!, Faber �970!, and Clady �976! all report
large numbers af lake herring larvae in very shallow water near
shore. Clady attributes this nearshore aggregation to active
movement. by the larvae. The 1981 and 198. data taken together
suggest that prior to emigration in middle June larval density
decreases rapidly with distance from the shoreline. Any further
quantitative sampling will have ta include shallow-water
sampling as well as more deep-water sampling sa that a clearer
picture of hari antal distribution can be obtained.

SRGWTH AND MORTALITY ESTIMATES

We had not intended ta estimate growth and mortality rates
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Figure 6. Wean CPE  no. /10<>0 m ! o$ lake herring 1 arvae at each
sampl ing station, 7 Nay � 4 June, 1961.

26



SS

NS

0
Z

vs zi

Figure 7. Si =-e-speci f i c di stributi on of larval l ak e herring
captured in western Lake Superi or on 7 Nay 1992. �-2 m depth
stratum denoted by solid part of bars; 4-6 m depth stratum denoted
by dotted portion of bars! .
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Figure 8. Si=-e-speci f ic distribution of larval lake herring
captured in western Lake Superior on I4 May 198 ~ . <0-2 m depth
stratum denoted by sol id part of bars; 4 � 6 m depth stratum denoted
by dotted portion of bars! .
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by dotted par tian of bar s! ~

29

88

6B

48

ze

88

68

4e

28

4

88

6B

48

2B

0

188

168

148

128

188

88

68

48

28

....L....~.~.~, ~.~..~.~.~.~.~. L......j.

9 18 11 12 13 14 18 16 17 18 19 28 21 22

STANO4RD LENGTH



SS I I

188
SS I

288

e
1888 6

~ I < -4.---t ~L.

NS I

NS II

188
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fr om the 1981 and 198 ~ data since these data were col lected
pr imarily to answer questions about haw, when and where ta
sample. However, since the praject was nat cantinued, we
decided ta attempt preliminary estimates af instantaneaus growth
rates using the methods af Hackney and Nebb �978! . Af ter
pl atting the 1981 mean CPE f ar each length graup against
sampling date ta determine the dates on which an average
individual attained a given length, it was apparent that aur
data wauld nat yield reasanable results far larvae smaller than
11 mm SL and larger than 16 mm SL. Ne began sampl ing too late
to adequately sample the smal 1er larvae, and we did nat capture
enough 1arger larvae ta make reasonable plot.s. However, f or
Larvae between these lengths we computed the f ol lowing
evpanent i al grawth curve � n-transf armed!: ln L = 2. 293 + rO. 0545
t  r = 0 ~ 994!, where L is the standard length in mm and t time
in days  8 = V. 0545! ~

Fram this equatian we determined the age af each length
group between 11 and 16 mm SL. Although we used whale number,
1-mm length groups in our graphs, the actual midpoint lengths
were used in all calculations. The midpoi nts were' 10.60,
11. 75, 12. 70, l~~. 80, 14. 85, and 15 90. Af ter the age in days
had been assigned to each af these midpoints, we plotted the
natural logarithm af cumulative CPE  the area under a mean CPE x
sampling date plot! against age to give a larval catch curve.
The slope of this curve was � O.4110 <r = 0.994!, which means
that the instantaneous mortality r ate Z has the value af 0 4110
when age is e.pressed in days.

A rather similar estimate af Z was obtained when a grand
average af CPE was used instead af cumul ati ve CPE. The Z value
of thi s catch cur ve was O. 4176  r = O. 992! .

Ne attempted one mare set af calculations based an the 1982
catch data fram zone NS I, the zone of highest density
throughout May and early June. Fram these data we calculated
8 = 0.054  ln L = 2.,520 + 0.0543 t; r = 0.974!. A catch curve
based an cumulative CPE yielded Z = 0.58.>7  r = 0.970!, while
one based on grand average CPE yielded Z = 0 59~~1  r = 0.958!.

The growth rate estimates from the 1981 and 198 data agree
rather closely with each other, but we believe that they are
overestimates. If we use the 1982 data to calculate average
daily grawth increment during the first week after hatching, we
get a mean of 0.69 mm/day. Anderson and Smith �971! reported
increments of 0. 1~-0. 6i mm/day  converted f ram average weekly
incr ements! far C. artedii larvae reared fram stack fram the
Du1uth-Superior area. Their larvae grew ta -~7 5 mm TL under
simulated Lal:.e temperatur es �. 1-10.. C! . The grand average
increment was V. 7 mm per day. Table 1 indicates that our
specimens probably e::perienced similar or slightly lower
temperature- and thus it seems unlikely that they would have
grawn 0.69 mm/day, especially during their f ir st week. Hinr ichs
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1 y or daily increments f or the C.
eel oui ati ons f r om hi s data yi eld

m/day during the f ir st 16 days.
temperatures of 9.9-1~.0 C, whirh

awth temperatures reported for this
�9713.

�979! does nat report week
artedii that he reared, but
consistent values of 0.25 m

These larvae wer e reared at

are close to the optimum gr
speci es by NcCormi ck et al .

It i s sti 1 1 passib1 e that the f' i el' spec i.mens could have
grown faster than reared specimens if quality and quantity af
Eood was low for reared specimens. Evagenaus nutri.tion is
e<tremely impartant for good growth even during the yalk sac
phase  John and Hasler 1956! ~ The specimens that we r eared fed
poorly, and their average daily increments during the first week
were 0.08-0. 13 mm, with a grand average gf r3. 11 mm. The highest
incremental growth rate determined for any individual was 0.2~~
mm/day f ar a i2-day larva  using 10.!3 mm SL as a mean size at
hatching! When length ranges aE our Ei eld and hatchery
specimens are compared at similar stages af develapment, it is
clear how much grawth rate can be af f ected by food avai 1abi 1 i ty
 Table 6! ~

IE we compare our incremental rates from the field with
thase af other field estimates, ours still seem high. Clady
�976! reported a valve of 0.6 mm/day far Gneida Lake lake
herring larvae, but this was an average over a size range of
11-'1 mm TL and also included data fram 6 years. Oneida Lake is
also much warmer and much mare productive than Lake Superior.
Growth candi. t i ans in the Bay af Uuinte, Lake Ontario o, are al so
mar e f avar able than those of Lake Superi ar, and 1al.e herring
l ar vae there showed an average daily increment of 0. 58 mm during

7-day per iod in ear l y Nay. We calculated this va! ue f ram mean
l engths of specimens captur ed each day as repar ted by F'r i tchard
<19:0! . However, Pritchard also reported that 16 mm TL larvae
wer e abar!t 20 days old. Since his newly hatched specimens
averaged 10 mm TL, the daily increment would be 0. 5 mm.

The ages that we determined for 1981 and 1982 larvae
between 11 and 16 mm SL were similar in, as the similar growth
rates suggest. We assigned ages of 6.97 � 8.49 days for larvae
in the 14.85 �5! mm SL length category. For the reasans
discussed above, we believe that these larvae were somewhat.

It is clear fram the si=e-specif ic catch data in bath years
that we under sampled newly hatched larvae �0 mm SL! . Such
under representation in the catch would contribute to an
underestimatian of age and, thus, an overestimation of growth
rate. The same bias would lead to an underestimation of
martal ity rate. Hawever, the lass of larger larvae f ram the
catch due to emigr ation probably overcompensated Ear this bias
and gave us an unrealistical ly high mortality rate. Rates
calculated f'ar other freshwater larvae have been below O. ~
 Hackney and Webb 1978; Dahlberg 1979; Cada and Hergenrader
19803.



Table 6. Size comparisons of wild-caught and reared larval lake
herring at similar stages of development. Wild-caught larvae from
western Lake Superior, 1981-8

B. 8 � 12. 2 9- 5 � 1 i. 9

11. 5 � 14. 3 10. ~~ � 12. 4

12. 6 � 17. 2 10. 8 � 14. 0 10 � 1

1~~. 5 � 17. 5 21 � ~914. 0 � 21. 0

19. 1 � 2..4 15. 3 � 18. 4-~ � 6 1
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Developmental
stage

Ear I y
Protol arvae

Late
Protolarvae

Early
Nesolarvae

Meso!arvae
II

Nesolarvae

III

Size Range <SL mm!
Wild-caught Reared

Age Range of
Reared Larvae

 days!



older than this' From the data in Table 5, which compares
developmental stages of our wild-caught and reared larvae and
associates them with age, and from comparisons with the studies
cited above, we estimated that on the average lake herring
larvae spent about 14-2V after hatching in the study area..
During this time they reached the middle to late mesolarval
stage of development  mesolarva I.I or III! and attained sizes of
k7- 2 mm SI.
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CUNCt USIONS

41 though this was a preliminary study, we feel justif ied in
drawing the following tentative conclusions. First, we believe
that the north shore area in the vicinity of the Duluth Harbor
Entry is an important developmental area for lake herring in
western Lake Superior. 4 rather large number of larvae
apparently hatch .in this area and remain there thraugh all of
the protalarval phase and mast of the metalarval phase. We da
nat have a tatal abundance estimate, but the densities measured
in this area were une:<pectedly high. Sampling closer to shore
may well reveal even higher densities in future.

Second, we believe that the Duluth-Superior area of western
Lake Superiar offers excellent potential far developing inde<
stations for measuring larval relative abundance. Reckan �978!
has demonstrated the utility of using larval abundance estimates
from inde:< stations for predicting subsequent year-class
strength in lake whitef ish  Caregonus clupeaformis3. ?f it can
be shown that larval abundance is a rel iable predictor of
year-class strength ar if it can be shown that it is a reliable
predictor under certain conditians, fishery managers will be
able to estimate the status of recruitable stocks ~~ ta 4 years
sooner than it is now possible. Because lake herring larvae
congregate in the Duluth-Superior area, they are relatively easy
ta ~ample in replicate. Thus, it should be possible ta develop
f airly precise estimates of larval density with r el atively
1 i ttle ef f art.

Third, we believe that r easanably accurate estimates of
growth and mortality rates also can be determined. The
estimates can be improved greatly by increasing the catch
efficiency of newly hatced larvae. This can be dane by
including sampling stations claser ta share and by sampling more
often. Even though our growth r ates are probably overestimates,
they sti11 indicate that 7-day sampling intervals are toa lang.
Mortality estimates can be improved bath by mare accurate grawth
estimates and by sampling sa that same estimate of emigration
f ram near shor e ta deeper water can be made. Even i f accurate
estimates are nat possible, precise, systematic estimates from
year ta year would al law biologists ta assess what e<trensic
factors lead ta goad relative growth and law mortality in larval
populations.
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