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Figure 14
Length-frequency distribution by tow with salinity values for juvenile
Atlantic menhaden from the 1977 trawl survey in Hancock Creek, North
Carolina. (The 1977 weighted distribution of Figure 10 resulted from

these distributions.)

Figure 15
Length-frequency distribution by tow with salinity values for juvenile
gulf menhaden from the 1966 trawl sampling activities in Dog River,

Alabama.

Proportional representation of
regional stream densities

Proportional representation of fish densities in regional
streams in the survey was evaluated using length-frequency
distributions. It was assumed that a near-constant propor­
tional cross-section of the juvenile population was not sam­
pled each year if patterns of length-frequency distributions
were not similar within streams among years, when patterns
were differentially mixed among streams within years.

Some survey design problems can be attributed to early
assumptions on life history and the concept of "primary
nursery area." The hypothesis, developed early in the
studies, was that young (late-larval and prejuvenile)
menhaden migrate upstream into small estuarine streams,
where near 00/00 salinity occurs, and then progressively
move downstream as they grow. This hypothesis was sup­
ported by observed length-frequencies in a large portion of
the streams sampled, as juveniles appeared to be stratified
by size along the salinity gradient (Figs. 14 and 15). Not
infrequently, however, similar size distributions were ob­
served when no apparent salinity gradient existed (Fig. 16).
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Implicit to a survey design based on streams selected for the
occurrence of a salinity gradient is the assumption that a
population of fish once immigrated into a stream will remain
in that stream until emigration in late summer or fall. Often,
however, length-frequency distributions have missing por­
tions, i.e., the right, left, or middle of an expected size­
frequency distribution was not represented in the catches in
one stream but was present in another stream during the same
year. Thus, it appears that there are varying degrees of inter­
change between survey streams and the larger estuarine
system to which they are tributary. The interchange appears
to be especially common in the Chesapeake Bay system.

Uniform format of survey

Considerable care was exercised during the 1971-78 Gulf
of Mexico and 1972-78 Atlantic surveys to keep all aspects
of the survey as constant as possible. Some minor problems
were created when a stream could not be adequately sam­
pled due to periodic plant growth such as water hyacinths
(Eichornia crassipes) or duck weed (Lemna sp.) as well as
by irregular boat or barge traffic (note differences in sam­
pling effort between Tables 1 and 2, and 5-8).



Figure 16
Length-frequency distribution by tow for juvenile gulf menhaden from
the 1975 trawl survey in Dog River, Alabama (all salinity measurements

were 0'/00).

Dog River, Alabama All Samples 0 'lb.

~f
6/19/75

.. Ww Tow 7

I, , ,,, ,

~1 , ' L11..l.lJ , I , , , , , ~Ow 6

> :f .. "iliuJ, Tow 5

~

~ 1 .!,Will,,,lI! Tow 4
u..

::f ,,,Iltu.u,.! ... Tow 3

20

10

t .. .I,t.llL" ...
28 32 38 40 44 48 82 8'&

FORK LENGTH (mm)

Tow 2

Tow 1

84 88 72

CPUE estimates in some fisheries may be useful as a
measure of abundance, if the interacting effects of other age
groups can be separated. CPUE is usually inappropriate for
use with the commercial menhaden purse-seine fishery. For
CPUE to reflect true abundance, the catchability coefficient
must be (nearly) constant. It is, however, inversely related
to population size for both the Atlantic menhaden (Schaaf
1975) and gulf menhaden (Nelson and Ahrenholz 1986)
fisheries.

VPA estimates are the closest to being true estimates of
year-class strength. This analysis provides an estimate of
number of recruits for a fixed time-period before significant
fishing has taken place on the year-class. VPA for Atlantic
menhaden should include age-0.5 fish, as large catches of
estuarine-emigrating juveniles are frequently made. This is
not the case for gulf menhaden, where age-l is an appropriate
recruitment age. A preliminary VPA estimate can be obtained
only for the Atlantic fishery after landing and port-sampling
data are processed for the complete fishing season on 3-year­
old fish of a given year-class. The VPA estimates appear
to be stable after the fifth year for the Atlantic and the third
year for the Gulf fishery. Because of these constraints, a
preliminary correlation analysis of the first 3 years of a
survey would not have been possible for either fishery until
about 7 years after the survey was initiated.

General discussion
and conclusions _

Suitability of independent estimates
of year-class strength

Several potentially comparative estimates of year-class
strength can be obtained from commercial purse-seine land­
ing statistics and port samples: Landings in biomass in a fixed
number of subsequent years, landings in numbers at a fixed
age for a given year-class, catch-per-unit-effort for a given
age, or VPA or cohort (backward sequential) analysis which
estimates number of recruits at a fixed age for a given year­
class. Each has advantages and disadvantages.

Estimates of landings in biomass, which during the time
of the survey were dominated by age-2 fish on the Atlantic
and age-l fish in the Gulf of Mexico, are readily obtainable
and are the most accurate. Strong correlations with survey
means would depend on constant growth rates among age­
classes, as well as each age group comprising a near-constant
percentage of the landings among years. Also, the rate of
fishing would have to be nearly constant. These conditi.ons
are not well met, so more adjustments would be needed.

To use age-specific landings in numbers as a measure of
year-class strength, the rate of fishing on the age group would
have to be (nearly) constant from year to year. This condi­
tion is only marginally met over short spans of years, so again
adjustments need to be made. Sampling errors about esti­
mates for the numbers-at-age landed appear to be at accept­
able levels (see Chester 1984, Chester and Waters 1985).
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Although substantial biogeographical and life-history infor­
mation for these two species of menhaden resulted from
juvenile surveys, the original objective of the sampling was
not achieved, i.e., the ability to forecast year-class strength.
It appears that the survey suffered from assumptions that were
not met.

Following the preliminary life-history studies and tech­
nique developments of the 1950s and 1960s, the survey was
initiated and the format was "locked in." Since success
would depend on the survey being conducted in a constant
fashion, any new information pertinent to the survey design
could not be implemented. Quite simply, a substantial in­
vestment had already been made in research funds and time.
Initial assumptions could not be adequately evaluated as to
whether or not the survey was effective until a sufficient
number of years had passed. Continued adjustments would
require additional years of data for testing, since the historic
database would be incomplete or noncomparable.

Once sufficient data were in hand, the straightforward com­
parison of weighted mean CPT, using weighting factors
derived independently from survey and catch data, with what
are believed to be analytically the best available estimates
of year-class strength, is fundamental. The lack of a reason­
ably strong (and significant) relationship is a logical and
prudent stopping point for a survey of this type. A risk is
present, however, as some analytical fault may lie with esti­
mates of ages, numbers landed, and other factors associated



with purse-seine, fishery-dependent measures of year-class
strength.

The results of an extensive number of analyses were not
reported here. These included multiple regressions, various
weighting schemes, a number of derived measures of abun­
dance, and stream or regional combinations in correlation
analyses with a variety of types of fishery-derived measures
of year-class strength. Without a preconceived hypothesis
of cause and effect for variables selected in these analyses,
approaches of this type are simply trial-and-error searches,
and will no doubt result in one or more apparent significant
relationships due simply to chance. The risk here, of course,
is that one of the potential trial-and-error solutions is correct.

Development of a new survey format should be undertaken
to incorporate new information from other studies and types
of analyses that were not available or apparent during the
inception of the discontinued survey. Emphasis should be
placed on the geographic timing of the survey relative to
parental spawning in the region, and on obtaining more useful
sampling-stratification criteria.

The stratification criteria used here were geographic. These
criteria apparently did not relate that strongly to actual dif­
ferences in juvenile fish density. Significant reductions in
the variance about the stratified mean CPT were not gained
over a single-stage model (tow being the primary sampling
unit), or a purely random sampling model.

Some promise with respect to an alternate approach is
offered by the density-dependent growth relationship. While
the observed correlations are not extremely strong, at least
for forecasting purposes, they are encouraging considering
the degrees of bias associated with length parameters derived
from samples of purse-seine landings. The purse-seine
catches are not systematic relative to time of year, and tend
to be selective towards larger individuals. This tends to distort
the apparent relationship on the left-hand portion of Figures
10 and 11, particularly for fishery data from North Carolina
(Fig. 10).

Because of the selective size bias and attempts to reduce
commercial catches of younger-age Atlantic menhaden
(ASMFC 1981), no attempt was made to refine this relation­
ship. Estimates of mean length from field sampling, which
would parallel relative abundance sampling, may be a plaus­
ible approach. The discussions presented earlier on length­
frequencies indicate that this aspect of sampling will also
require substantial refinement. If this approach proves useful,
a verification of the technique may be possible using data
from historic surveys, once more in-depth analytical explana­
tions of the observed length-frequency distributions are
obtained.
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Estimates of means and variances were obtained from:

number of regions (geographical strata) ,_
number of potential streams in region h,
number of streams sampled in region h,

mean stream size (of those sampled) in region
h (equivalent to mean number of potential tows),
size of stream i, region h,
number of tows in stream i, region h,
finite population correction for streams by
region (nhINh),
finite population correction for tows by stream
(mhiIMhi),
catch-per-tow j, in stream i, region h,

mean catch-per-tow in stream i, region h,
weighted mean catch-per-tow for region h,

stratified mean catch-per-tow for entire coast,
L

Wh = regional weight (NhMhl ~ NhMh),
h=1

v ( ) = estimate of the variance of an estimate ( ), and
S2h? = estimate of variance of catch-per-tow for stream

i, region h.

Yst

Yhij

Yhi

YR,h

Estimates of weighted mean catch-per-tow were obtained
from the following stratified two-stage cluster sampling
design. Equations are from Cochran (1963).

Given:
L
Nh

nh

Mh

(5)

(6)

Confidence intervals (CI) were estimated as follows using
the appropriate value of Students t:

95% CI = Yst ± t [v(Yst)]1/2. (7)
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