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Abstract

A relationship between total lengths and body depths of certain fish larvae was used to predict
the effectiveness of small-mesh screens in limiting entrainment of fish larvae at cooling-water
intakes. Total length-body depth regressions were linear for eight species (293 larvae) common
to Lake Michigan near the J. H. Campbell Power Plant at Port Sheldon, Michigan. Regressions
indicated that 35-100% (depending on species) of the fish larvae that had been entrained by the
J. H. Campbell Plant in 1978 would have been excluded if 0.5-mm mesh screening had been
employed in the plant’s cooling water intake system instead of 9.5-mm bar mesh vertical traveling
screens. 'These calculations do not take into consideration approach velocities of intake water,
larva avoidance behavior, or mortality due to impingement on or extrusion through the screens.

Water drawn from aquatic systems and used
for once-through cooling in power plants some-
times contains large numbers of fish larvae.
Small-mesh screening (0.5-2.0 mm) employed
at cooling water intakes is one larva-exclusion
system that has drawn attention from several
investigators (Tomljanovich et al. 1977; Chees-
man and Cheesman 1978; Hanson et al. 1978;
Magliente et al. 1978; Murray and Jinnette
1978; Musalli et al. 1978; Gulvas and Zeitoun
1979) and institutions (United States Environ-
mental Protection Agency 1976; Oak Ridge
National Laboratory 1979), and that has been
examined in workshops and symposia.

Effectiveness of small-mesh screens as a lar-
va-exclusion system depends in part on body
dimensions of larvae in relation to screen sizes.
Of various body measurements, length data oc-
cur most frequently in the literature. However,
Tomljanovich et al. (1977) state that because of
vast differences in body shapes, body length
alone is not a good indicator of percent reten-
tion on fine-mesh screens; cross-sectional di-
mensions generally are superior to total length
for predicting potential entrainment. Here we
establish a relationship between total length
and body depth of larvae in a first attempt to
assess usefulness of this relationship to predict
larva exclusion from small-mesh screens at in-
takes.

Methods

Total lengths (TL.), body depths, and body
widths were measured for certain species of lar-
val fishes (defined as any fish less than 25.4 mm)
common to Lake Michigan near the J. H.
Campbell Power Plant, Port Sheldon, Michigan.
Species included alewife (Alosa pseudoharengus);
common carp (Cyprinus carpio); Cottus spp.';

johnny darter (Etheostoma nigrum); rainbow

smelt (Osmerus mordax); spottail shiner (Notropis
hudsonius); trout-perch (Percopsis omiscomaycus);
and yellow perch (Perca flavescens). Specimens
were obtained from the Great Lakes Regional
Fish Larvae Collection housed at the Great
Lakes Research Division, University of Michi-
gan (see Dorr and Jude, in press) and from
larvae collected in nets towed in Lake Michigan
between 1973 and 1979 near the J. H. Camp-
bell and D. C. Cook power plants (Jude et al.
1975; Jude et al. 1978; Jude, et al. 1979; Jude,
et al. 1979). All larvae were preserved in a 5%
buffered formaldehyde solution. Shrinkage of
larvae due to formaldehyde preservation was
found to be only 3.8% by both Toetz (1966)
and Sameoto (1971).

Total length and body depth (measured at
the point of greatest depth, including yolk sac)

! With taxonomic keys available during this study,
it was not possible to distinguish between larvae of
two sculpin species (Cottus cognatus and Cottus bairdr)
found near the J. H. Campbell Plant.
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FIGURE 1.—Scatter plots, regression lines, and 95% confidence bands for total lengths and body depths of two species of

fish larvae from Lake Michigan.

of each larva were measured to the nearest 0.1
mm under a 10X binocular microscope. Body
widths were measured for representative num-
bers of larvae and in all cases body depth
equalled or surpassed body width. Body depth,
therefore, was used for our analyses. Tomlja-
novich et al. (1977) also found that for all
species used in their study, mean depth was
equal to or greater than mean width. Scatter
plots and simple linear regressions for body
depth versus total length were generated by the
Michigan Interactive Data Analysis System (Fox
and Guire 1973). Ninety-five percent confi-
dence bands were calculated and plotted for
regression lines.

Regressions were used to calculate total
lengths of larvae corresponding to body depths
of 0.5, 1.0, and 2.0 mm for each species. These
lengths were then compared to cumulative
length frequencies for some of the most com-
mon larvae entrained during 1978 at the
Campbell Plant. Entrainment sampling at
Campbell was conducted with a 363-um mesh
plankton net suspended in the plant’s discharge
canal. Larvae were measured to the nearest 0.1
mm and entrainment estimates were generated
based on sample densities and total flow
through the plant (see Jude et al. 1978 for de-
tails). From these comparisons, we estimated
the percentage of fish larvae that could have
been either passed or retained by 0.5-, 1.0-, and
2.0-mm mesh screens.

Results

Of eight species analyzed, alewife, common
carp, rainbow smelt, spottail shiner, and yellow
perch were among the fish most frequently en-
trained at the J. H. Campbell Plant by the ex-
isting cooling water intake, which draws water
from Lake Michigan and Pigeon Lake. Cottus
spp., johnny darter, and trout-perch are addi-
tional species potentially susceptible to entrain-
ment when offshore intakes become fully oper-
ational in 1981.

Alewife (Fig. 1), common carp, rainbow
smelt, spottail shiner (Fig. 1), trout-perch, and
yellow perch all showed linear relationships be-
tween total length and body depth with high
coethicients of determination (R? = 0.85: Table
1). High coefficients of determination, low
mean-square errors, and narrow confidence in-
tervals are evidence of the high correlation and
good predictive relationship between total
length and body depth. Small larvae of Cottus
spp. (Fig. 2) and, to a lesser extent, johnny dart-
er showed nonlinear total length-body depth
relationships due to the presence of a sizable
volk sac. As the yolk sac was absorbed, body
depth decreased as length increased. After
yolk-sac absorption, body depth increased with
length, as with other species; consequently, the
relationship became linear (Table 1, Fig. 2).

Alewife and rainbow smelt were two of the
most frequently entrained species at the Camp-
bell Plant. Newly hatched alewives entrained in
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FIGURE 2.—Relationship between body depth and total length for Cottus spp. found in Lake Michigan. (4) Scatter plot
of all available data. (B) Scatter plot, regression line, and 95% confidence bands for the total length—body depth

relationship excluding fish with yolk sacs.

May, June, and July 1978 at the Campbell Plant
could pass through a 0.5-mm mesh screen (Ta-
ble 2). Of a projected 211,000 alewife larvae
entrained in May, we estimate that only 27%
would have been large enough to be excluded

by a 0.5-mm mesh screen, and mesh screens of
1.0 and 2.0 mm may not have excluded any
alewife of this early life stage (Table 3). Protec-
tion for only 18% of the estimated 3.17 million
alewife larvae entrained in June would have

TABLE 1.—Summary of linear regressions of total length versus body depth for common Lake Michigan larval fishes. R?

= coefficient of determination, Y = body-depth axis.

Total Body

length range depth range Hatching Mean-

measured measured length Y- square

Species N (mm) (mm) (mm) Slope intercept R? error
Alewife 45 2.5-25.0 0.3-3.7 2.5 0.12 -0.19 0.85 0.13
Common carp 29 3.5-24.5 0.3-4.8 3.0-6.4° 0.21 —-0.43 0.88 0.13
Cottus spp.° 28 5.0-25.0 0.5-4.0 6.0-7.0¢ 0.09 1.12 0.26 0.78
Cottus spp.® 13 9.0-25.0 1.1-4.0 0.16 -0.21 0.83 0.13
Johnny darter® 30 3.0-25.0 0.6-3.9 5.0f 0.13 0.24 0.85 0.15
Johnny darter® 19 7.2-25.0 0.7-3.9 0.16 -0.39 0.92 0.07
Rainbow smelt 35 4.0-25.0 0.2-2.7 4.1-6.0% 0.10 -0.20 0.89 0.07
Spottail shiner 54 4.3-24.9 0.4-4.5 4.3-6.1" 0.17 —0.28 0.95 0.06
Trout-perch 21 4.5-25.0 0.6-4.5 5.3-6.00 0.19 —0.21 0.97 0.05
Yellow perch 51 4.8-25.0 0.5-3.8 4.8-6.0° 0.17 -0.29 0.95 0.05

2 Jones et al. (1978).
> Lippson and Moran (1974).
¢ Calculated from all available data.

¢ G. Heufelder, personal communication, Great Lakes Research Division, University of Michigan, Ann Arbor, Michigan.

¢ Calculated excluding data for yolk-sac larvae.
fFish (1932).
£ Jude, et al. (1979), Cooper (1978).

" Jude, et al. (1979), Wang and Kernehan (1979), G. Heufelder, personal communication, Great Lakes Research Division,

University of Michigan, Ann Arbor, Michigan.
! Jude, et al. (1979), Magnuson and Smith (1963).
' Dorr et al. (1976), Norden (1961), Jones et al. (1978).
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TaBLE 2.—Total length in millimeters at which common
Lake Michigan larval fish would attain a body depth of
0.5, 1.0, and 2.0 mm. Total-length values were obtained
Jrom regression equations.

Body depth (mm)

Species 0.5 1.0 2.0
Alewife 5.8 9.9 18.2
Common carp 4.4 6.8 11.6
Cottus spp.? b b 13.6
Johnny darter2 b 8.4 14.5
Rainbow smelt 6.9 11.9 21.8
Spottail shiner 4.7 7.7 13.7
‘I'rout-perch 3.8 6.4 11.7
Yellow perch 4.7 7.6 13.6

2 Calculated from fish without yolk sacs.
® Predicted lengths from the regression equation are not
valid because yolk-sac larvae were deleted.

been provided by a 0.5-mm screen. Numbers
of entrained alewife were greatest in July (16.7
million) and August (16.5 million); predicted
percentages of exclusion by 0.5- and 1.0-mm
mesh screens increased somewhat (15-33%)
during these months due to larva growth. How-
ever, not until September, when 232,000 ale-
wife larvae were entrained, was 100% exclusion
predicted if 0.5- or 1.0-mm mesh screens had
been employed.

Eighty-five percent of a projected 989,000
entrained rainbow smelt larvae, newly hatched
in May, could have passed through 0.5-mm
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mesh screens, but rapidly growing smelt larvae
would have become increasingly less susceptible
to entrainment through small-mesh screens in
later months (Tables 2, 3). By June, 46% of
496,000 entrained smelt larvae, and all the
rainbow smelt entrained in July (35,100) and
August (7,630}, could have been excluded by
a 0.5-mm mesh screen.

Other species for which length-frequency
data were available (common carp, spottail
shiner, and yellow perch) would theoretically
have been almost totally protected from en-
trainment by a 0.5-mm mesh screen during all
months in 1978 (Table 3). Minnow larvae less
than 9.0 mm were difficult to identify positive-
ly, but if all unidentified minnow larvae that
were entrained at the J. H. Campbell Plant in
1978 were assumed to be spottail shiners n cal-
culations, the predicted exclusion by 0.5-mm
mesh screens would have been 85% in May and
higher in subsequent months.

Discussion

Estimates of exclusion were made on the as-
sumption that fish larvae pass through screens
lengthwise and that larvae with body depths
equal to mesh size would be excluded. Other
factors must be considered, however. For ex-
ample, Tomljanovich et al. (1977) found that
in some cases, depending in part on approach
velocity of intake water, fish with body depths

TABLE 3.~—Percentages of some common Lake Michigan fish larvae entrained at the J. H. Campbell Plant that could be
excluded by 0.5-, 1.0-, and 2.0-mm mesh screens. Percentages were calculated from 1978 length-frequency entrainment

data. Blank spaces represent no data.

Month All

Mesh size months

Species {mm) May Jun Jul Aug Sep Oct Nov combined
Alewife 0.5 27 18 21 33 100 100 100 35
1.0 0 4 15 16 100 100 100 24
2.0 0 0 0 7 97 88 86 13
Common carp 0.5 100 99 100 100 99
1.0 45 59 18 0 41
2.0 0 0 0 0 0
Rainbow smelt 0.5 15 46 100 100 29
1.0 0 17 87 100 9
2.0 0 1 24 100 1
Spottail shiner 0.5 100 100 100 100
1.0 100 100 100 100
2.0 0 0 0 0
Yellow perch 0.5 99 100 100 99
1.0 13 36 42 14
2.0 0 0 ] 0
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up to 84% greater than mesh size could be com-
pressed and extruded through the mesh. Fur-
thermore, larva avoidance behavior could
greatly influence entrainment rates. Hanson et
al. (1978) observed screen avoidance by aquar-
ia-held striped bass (Morone saxatilis) larvae
(5.2-9.2 mm) in all experiments. Using small-
mesh screens on pumps in Lake Michigan, Gul-
vas and Zeitoun (1979) found that field-larva
densities (plankton-net data) were much great-
er than entrained-larva densities (as measured
through a pump). Differences in densities were
attributed to screen avoidance behavior by most
species. In the same study, however, some
species (minnows, darters, sculpins, and trout-
perch) were attracted to structures presumably
for cover or nesting; these species (and their
eggs) were entrained at higher rates than would
be expected from field density data.

Before fine-mesh screens become a biologi-
cally acceptable alternative to conventional
traveling screens, it must be shown that mor-
tality rates of larval fish impinged on fine-mesh
screens are significantly lower than mortality
rates of entrained larvae. Such data are scant
or nonexistent (Fritz 1980). Some of the most
important factors influencing postimpingement
survival include impingement duration, fish
size, and approach velocity (Tomljanovich et al.
1977). Impingement mortality is site- and
species-specific and must be determined from
in situ studies during plant operations (Oak
Ridge National Laboratory 1979). One solution
to mitigate impingement losses of larvae in-
volves a system in which a water spray gently
dislodges larvae from small-mesh screens and
carries them by a trough back to water where
the larvae may survive (Magliente et al. 1978).

Due to many complicating factors, our pre-
dictions of exclusion based on larval total
length-body depth regressions probably have
wide limits. However, such predictions are use-
ful for comparing relative exclusion effective-
ness of different screen mesh sizes. Preferential
protection of certain sizes of larvae should be
considered because as size increases, larvae be-
come relatively less susceptible to entrainment
(Jude et al. 1978) and for several taxa of larvae
that were experimentally impinged on screens,
long-term survival increased with larval length
(Tomljanovich et al. 1977). Larger larvae also
have higher natural survival rates; therefore,
their losses have stronger ecological implica-
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tions for the population than would loss of new-
ly hatched larvae. Therefore, it may be effica-
cious (considering also operational costs and
clogging problems of small-mesh screens) to
preferentially protect larger larvae from en-
trainment by determining screen mesh sizes
that, when employed, would exclude large lar-
vae and entrain small ones. Size-specific spatial
and temporal distribution of larvae, and their
densities and survival rates, would have to be
known for calculation of projected population
effects brought about through size-selective
protection of larvae. Small-mesh screens then
could be employed during certain months of
the year when larvae of the size determined to
require protection are present in large num-
bers; screen removal may be appropriate dur-
ing months when larvae are less abundant.
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