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Abstract

¥e studied the food habits of over 760 larval yellow perch {5.0-9.9 mm,
total length}l collected during May in 1977 and 1978 in the Detroit River to
investigate whether degraded water gquality redoces the feeding activity of
jarval fish and to detearmine Lf the kinds and amcunts of food saten by larvae
changed as they passed dowmstream from relatively unpolluted waters near Belle
Tsle to waters heavily impacted by industrial and sunicipal waste discharges
near Grosse Ile. Larvae in the 5.0-7.9 mm length range collected from the
upper (relatively unpolluted) waters and lower [polluted) waters of the river
had eaten small copepods, copepod nauplii, and rotifers. Larvas in the
B.9=9.9 ma langth range collected from the same waters had eaten primarily
large copepods. Although the composition of the diets of yellow perch larvae
collected from both portions of the river were similar, the incidence of
feeding and the feeding rates of larvae collected from the lower portion of
the river were markedly reduced when compared to the feeding behavior of
larvae collected from the upper portion of the river. The results of this
study suggest that a cause-effect relation exists between reduced water
quality in the lower river and reduced feeding rates of larval yellow perch,



Introduction

laboratory atudies (Shelford 1917, Willis 1937, Silver et al. 1963,
Alderson 1972, Smith and Osedd 1972) have shown that the larvae of many
spacies of fish are adversely affected by the chemical compounds and elements
found in the industrial and municipal wastes present in many of our inland
lakes and streams, yet few fisld studies have been done to demonstrate tho
impacts of such wastes on fish larvae in natural waters soch as thes Detroit
River. Therefore, we conducted this field study to teat the hypothesis that a
sensitive and useful indicator of the effects of water pollution on the
fisheries resources of an aquatic system might be a change in the feading
behavior of fish larvas exposed to reduced water quality.

The Detrolr River has many features that make it feasible to demonstrate
the effecta of municipal and industrial wastes on the transient populations of
fish larvas in that system including: (1) water gquality at the head of the
petroit River is relatively high but bescomes progressively lower as water
passes through the systes enrouats to Lake Erie (USEPA 1974, Ball 1980); (2)
industrial and punicipal wastes sgimilar to those found in the Detroit River
are known from laboratory studies to adversely affect fish larvae; (3} large
nuabers of larvae are flushed through the Detroit River annually (Hatcher and
Haster, in preparation); (4) the average flushing time of the river is short
(1% hours), thereby minimizing natural mortality effects on the transiant
populations of larvae relative to the effect caused by waste dlscharges; and
[5) transient populations of fish larvae can be followed as they progress
through the river to determine 1f they exhiblt any detrimental effects of
axposure to wastes during passage.

The yellow parch was sslected for study because: (1) it supports valuable
fisharies in the Great Lakes, (2) it has a pelagic larva, (3) large numbars of
yallow perch larvae ars flushed through the Detroit River, and (4) the source
of these larvae appsars to ba spawning grounds in Lake 5t. Clair.

Material and Methods

Tha yallow perch larvae on which this study is based were collectad with
0.5 m, 35 um mesh plankton nets on May 11 and 18, 1977, and on May 25, 1378,
at 3 stations on each of 2 cross-river transecta on the Detroit River (Fig.
1} Transsct v was located in the relatively higher quality waters of the
gpper Detroit River near Bealle Isle and transect VI was located in the more
heavily polluted watars of the lower Detroit River near Grosse Ila. Watar

1/ These collections were made to satisfy the requirements of a study designed
~ to determine the status and potantial of the Detroit Riwver as spawning
and nursery hablitat for Great Lakes fishes; detailed descriptions of the
study area, the gear used to capture the larvae, method of preparation,
and overall study design are given in Hatcher and Nester (in prep.).



quality measurementa {(chlorides, silica, dissolwed oxygen, and turbidity) made
in the surface waters of the Detroit River at transects ¥V and V1, April
18=-July 28, 1977 (unpublished data, GLFL) indicatad that water quality was
roduced in the lower Detroit River. The EPA (1974) and Bell (1980) also
reported reduced water guality in the lowar Detroit Rivar.

Larvas ware individually removed from the 30% sthanol in which they had
bean preserved, placed in a drop of demineralized water on & microscope alide,
and measured with & stage micromster to the nearest 0.!' mm under a dissecting
microscopa. The presence or absence of a yolk sac was recorded (a yolk sac
was recorded as present if oil globules were discernable nasar thes gut). The
alimentary canal was then dissectsd from the larva and retained on the alida.
All other parts of the larva were discarded. A longitudinal slit was pade
along the alimentary canal and the gut contents wers gently removed and placed
alongside the alimentary canal. A permanent stained mlcroscops slide mount of
the alimentary canal and its contanta was made by applying a drop of mounting
madium and cover slip to the preparation. The mounting medium consisted of 1
part of a 1% aguacus solution of chlorazol black E stain combined with 9 parts

HAydramount

Gut contants were analyzed using an inverted microscope with a
magnification rangs of 25-1000X. Food organisms were identified and counted
as copepods (nauplil, calanoid or cyclepoid), cladocecans, rotifers, or
unidentified invertsbrates. Algae were not counted becauss they occurred anly
within rotifers or in dlacrete masses which appearad to have been ingested by
a rotifer or other invertsbrate that was subsequently ingested by the yellow
parch larva. The width and length of each invertebrate remgved from the gut
of a larva was measured to the nearest micron with a calibrated ccular
micrometer. Copspods were measurad from the cephalothorax to the base of the
cavdal ramli and across the broadast portion of the cephalothorax. Cladocerans
waras measursd from the head to the posterior end of the carapace [excluding
the tail) and across the broadest portion of the carapace. Rotifars were
measursd from the anterior tip of the head to the base of the trunk and across
the broadest section of the organisam.

Aesults and Discussion

The 764 yellow perch larvae examined in this study ranged from 5.0 to 9.9

mm in total 1unqr.h.’.|"'. The langth fregquancy of all larvae examined is given in
Table 1., Most larvas in the 5.0-6.9 mm length interval wers yolk sac lacvas

and most longer than 6.9 ma Wwere non-yolk sac larvae, With the exception of
the larvas in the 9,0-9.9 ms langth interval, there were higher nuabers of

both yolk sac and non-yolk sac larvae collescted from the lower river [transect
¥I} than the upper river (transsct V).

2/ Mention of brand names in this report does not indicats or imply
endorsemant by the U.5. Government.

3/ Only two larvas were gollected which were leas than 5.0 mm total langth
{one 4.6 mm and one 4.8 mm) and the alimentary canals of both ware empty.



Food habits analyses indicated that prey organisms first appeared in the
alimantary canals of yellow perch larvae in the 5.0-5.% mm length range before
the yolk sac was completely absorbed (which occurred in all larvae by 8.0 am).
Higher percentaces of the yolk sac and non-yolk sac larwae were feeding in the
upper river than in the lower river, with the exception of yolk-sac larvae in
the 7.0-7.9 mm length interval (Table 2). Reduced feeding among larvae in the
lower Detroit river may have been a response to the more heavily polluted
waters of the lower riwver,

Yollow perch larvae in the 5.0-7.% mm length range ate primarily small
copepods, copepod nauplii, rotifers, and unidentified invertebrates, whereas
larvae in the 8.0-9.9 mm lenath range ate mostly large cyclopoid and calanoid
copepods (Table 3). As the size of the yellow perch larvae increased there
was a shift in the composition of the diet from small immature copepods and
rotifers to large cyclopold copepods and calanoid copepods (Table 3). Similar
changes in feeding habits by yellow perch larvae have been reported by Siefert
(1972), Bulkley et al. (1976), Clady (1977}, and Feast [1980). With the
exception of the larger number of copepod nauplii eaten by larvae examined
from the upper river, the composition of the diet of yellow perch larvas
collected from the upper river differed wery little from that of larvae
collected from the lowsr river.

wWith the saxception of larvae in the 9.0-9.9 am length interval, the mean
number of organisms ingested by yellow perch larvae was markedly higher in
the upper river than in the lower river (Table 4). These data indicate that
the reduced water quality in the lower river may depreas the feeding rate or
abilities of yellow perch larvae.

Yolk sac larvae fed on larger organisms in the upper river than in the
lower river (Table 5). The non-yolk sac larvae collected from the lowsr
rivar, however, ate larger organisma than the non-yolk sac larvae gollected in
the upper river (Table 5). It is unknown whethar these differing trends in
tha data reflect differences in the relative availability of largce and small
prey in the upper or lower portion of the river or that the feeding selectivity
of the yellow perch larvae from the upper river varied from that of the larvae
in the lower river.

The results of this study suggest that deqraded water guality in the lower
river reduced feeding abilities of yellow perch larvae. This was especially
apparent among larvae in the 5.0=7.% am length range, the majority of which
were yolk sac larvae. Little reduction in feeding was observed among non-yolk
sac larvae in the B.0-9.9 mm length range. Although these results do not
verify the hypothesis that reduced feeding incidence and feeding rates of
larval fish are reliable indicators of the effects of water pollution on fish
populations, they indicate the hypothesess should not be rejected, and indeed
suggesnt that additional study may well result in a confirmation of the
hypotheses. I1f additional studies are undertaken, they should include
concurrent saspling of the food source, most likely zooplankton, to detarmine
the composition and abundance of the local zooplankton populations,
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Table 1. Leangth fregquency distribution of yolk sac and non-yolk sac yellow
perch larvae on which this stody is based. (Larvae were collected at
transects ¥V and VI in the Detroit River in 1977=78. Percentages of yolk
sac and non-yolk sac larvae in each length interval, by transect., are
given in parentheses.)

Length Nusher of larvae in length interval
intervals [mm) Transact ¥V Transact VI
Yolk #on-yolk Total for ¥Yolk Non-yolk Total for
aas aac tranaect sac sac transect
5.0 = 5.9 45 3 49 57 2 59
94) {6) [RE:LE) 97} (1) {100}
6.0 = 6.9 51 12 a3 L] 28 127
73} 27} (1001 (70} fao0) (100}
7.0 = 7.9 15 A5 o0 17 "4 1061
[15) [as) (o0 AN (81 [R LR
8.0 - 8.9 L] a7 ar ] 92 L-F
iy (100} {100} o) {100} {1aoy
9.0 - 3.9 1] 43 11 o 21 23
[{:}] R UL R ton) (o) (100) 188}
Total 122 240 352 153 2319 102

(34} (66) (100} 41 {59) (160}
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Table 2. Incidence of Ffesding among yolk sac and non-yolk sac yellow perch
larvas by length interval and transect. (Tabular values show the percent
of larvae in sach catagory that had saten at least ons food organism.)

Langth Yolk sac larvas Hon=-volk sac larvae
intervals (mm) Transect V Tranaect VI Transact V Transoct VI
5.0 = 5.9 28 9 100 S0
6.0 = 6.9 a7 4 95 45
T0 = 7.9 23 o4 o5 a3
8.0 = 8.9 == - a3 a5




Table 3.

Fushers of ocganisms saten by
v and VI in 1977=TH.

of total for tranaect.]

{Tabular valosn ar e

yellow perch larvae of difforent 1angth intervals at transacts
shers of organisms eaten and, in parentheses. percent

Langth
Transect {ntervals Copepod Cyclopsid  Calancid tnkposn  Clad- Rovl- Dnidentified
(ma) nauplili  copepods copepala copepeds ocera LT inwartebrates Tokal
v 5,0 = 5.9 ] 4 o 8 o 5 % 37
3
6.0 = 8.9 27 46 5 44 o 23 L1 239
34
7.0 = 7.9 50 161 41 4% 2 12 17 LE T
{28)
8.0 = 8.2 45 a4 -] 43 a 2 T 406
[3a)
9.0 = 9.9 3 73 T8 25 2 o 1 8
115}
Total 126 438 ne 169 2 42 13 1194
(R0 }] 142} (8111 Lva) [en) (41 12 fvoa)
¥i 5.0 = 5.% L] 1 o 1 o 1 4 -
(58]
§.0 = B.9 2 0 L] T o T 25 69
el
70 = T8 L] oy 37 7 L 12 7 204
1291
B0 = B9 & 152 132 26 1} 7 2 N5
(47}
9.0 = 8.9 3 4 » 4 o o i B4
m
Total 16 an 26 &5 16 a7 0 o
2 [asy (& ]3] (83 12} t4) i (1001
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Table 4. Mean numbers of organisms ingested
by yellow perch larvae in different
langth intervals on transects V and V1

in 1977-78.
Langth Transect
intervals (mm} v vl
5.0 = 5.9 2.3 1.3
6.0 - 6.9 1.4 1.5
T«0 = 7.9 1.5 2.5
B.0 - B.9 4.8 3.8
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Table 5. Mean length (um) of organisms ingested by yolk sac and non-yolk sac
yellow perch larwae of different lengths on transects ¥ and VI in 1977-7&,

Langth Yolk sac Ban-yolk sac
intervals larvas larvae

of larvae [(mm) Transect ¥ Transect VI Transect ¥ Transect VI
5.0 = 5.9 31794 350.9 228.4 699.6
6.0 - 6.9 369.2 327.2 516.3 617.5
T = 7.9 #89.3 357.8 508.7 B40.7
B.0 - B.9 — m—— 624.5 T66.1

9.0 - 3.9 s m— 681.8 B22.8
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1977-78 Sampling Locations

Figure 1.





