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ABSTRACT

Blueback herring were collected during the 1977
spawning run in Herring Creek, Virginia to: 1) validate
the otolith ageing method for this species; 2) compare the
level of agreement between scale and otolith ageing
methods; 3) establish von Bertalanffy growth curves for
each sex; and 4) contribute to the descriptive biology of
blueback herring in Virginia. Of the 519 specimens
examined, 459 otoliths and 442 scales were suitable for
ageing.

Seasonal changes in the appearance of the otolith
edge of young-of-the-year blueback herring indicated
that one hyaline and one opagque zone are formed annually.
In general, mean observed fork lengths-at-age agreed with
mean back-calculated lengths-at-age. Agreement in age
assignment between two readers was 82% for scales and
84% for otoliths. Scale and otolith ages agreed in 81% of
344 comparisons. There was no significant difference in
the two age frequency distributions. The fork length-scale
radius and fork length-otolith radius relationships were
linear with no significant sexual differences. Mean lengths-
at-age back-calculated from otoliths were larger than mean
lengths back-calculated from scales, but the differences
were not significant for ages 4 through 9. Mean calculated
fork lengths-at-age were used to develop von Bertalanffy
growth curves. There were no significant differences
between these theoretical lengths—-at-age and observed
lengths-at-age for both scale and otolith ageing methods.

Otoliths were more efficient than scales for ageing
blueback herring. The otoliths did not require sectioning
or grinding because of their small size. Also, otoliths
did not require cleaning, mounting, and pressing as did
the scales. Thus, although otoliths required more time for
removal, overall preparatory time was much less. One
advantage of scales is that they provide a spawning history.

The Herring Creek spawning run lasted 54 days. The
age composition and spawning frequency were indicative of
the decline of blueback herring in Virginia.

viii



AGE DETERMINATION AND GROWTH OF THE BLUEBACK

HERRING, ALOSA AESTIVALIS




INTRODUCTION

Various aspects of the age and growth of the blueback

herring, Alosa aestivalis (Mitchill) have been reported.

Cockerell (1910, 1913) first described the scales of this
anadromous clupeid but did not attempt to determine age

from the scales. Marcy (1969) aged blueback herring to a
maximum of 7 years using scales and found a linear
relationship between total body length and scale length.

He used scale measurements and transverse groove count to
confirm the location of the first annulus on scales of

older fish. Beal (1968) validated the annuli of blueback
herring scales and back-calculated fork length at successive
annuli. Xornegay (1978) has compared scale and otolith
ageing techniques for the blueback herring; the level of
agreement between the two ageing methods was 68%.

Kornegay's back-calculation of scale annuli, however,

tended to estimate values higher than otolith annuli
measurements, especially for the younger age groups.

Netzel and Stanek (1966) and Norden (1967), used alosine
otoliths to verify age as determined from scales but did not
provide otolith reading techniques. Norden found a close
agreement between scale and otolith readings but otoliths

from the small, landlocked alewife (A. pseudoharengus,

Wilson) were not easily accessible and were difficult to

2



work with. Von Bertalanffy growth curves were developed
for male and female blueback herring from St. John River,
Canada by Messieh (1977) using mean back-calculated lengths
for a limited number of specimens. He determined age from
otoliths but used scales for the back-calculation of growth.
Much of our knowledge of the age and growth of the
blueback herring has been established from studies of its
alosine counterparts, the alewife and the American Shad,

A. sapidissima (Wilson). Alewife age has been determined

from scales (Pritchard 1929, 0Odell 1934, Graham 1956,
Rothschild 1963, Norden 1967, Joseph and Davis 1965, and
Marcy 1969) and from otoliths (Netzel and Stanek 1966,
Norden 1967, and Messieh 1977). La Pointe (1957), Cating
(1953) and Judy (1961) have fully described the growth of
the American Shad.

The objectives of this study were: (1) to validate
the otolith method of ageing blueback herring, (2) to
compare otolith and scale readings, (3) to establish wvon
Bertalanffy growth curves from mean back-calculated lengths,
and (4) to provide an addition to the descriptive biology

of spawning blueback herring in Virginia.



METHODS AND MATERIALS

Data Source

This study was based on data obtained from 394 blueback
herring collected from Herring Creek, Charles City County,
Virginia, between March 19 and June 3, 1977. Herring
Creek is one of the smaller tributaries to the James River
with a surface area of about 1.3 km? and runs a distance of
8.3 km from Harrison Lake to Ducking Stool Point (Figure 1).
The creek is well within the spawning ground boundaries of
the blueback herring, entering the James River between
kilometers 94 and 95.

Two sampling sites were established in Herring Creek.
A welir was set, with wings completely blocking the stream,
approximately 0.7 km above the fall line. Downstream, 5.5
km from the mouth of the creek, two fyke nets were set
side by side. At low tide, the fyke nets blocked about 75%
of the cross section of the creek. All nets were checked
every other day until April 11, after which the nets were
checked daily. All blueback herring were bagged, iced, and
returned to the laboratory for processing. Surface water
temperature was recorded for each collection. It was
assumed that the fyke nets and weir used in this study were

non-selective of blueback herring.



Individual total length, fork length, total weight,
eviscerated weight (weight less gonads), sex, and sexual
condition (unspawned, spawned) were recorded. Length was
measured to the nearest mm; total length was measured with
the upper lobe of the caudal fin depressed parallel to the
long axis of the body. Weight was recorded to the nearest
0.1 g using a Mettler P2000 balance.

To obtain blueback herring of age class I-1IV, samples
were taken off the mouth of the Chesapeake Bay between
36°30'N latitude and 37°30'N latitude from March 13 to March
21, 1978. A modified 46 m wing trawl was utilized within
45 km of the beach and in the vicinity of the 10-20 fathom
contours. A total of 85 specimens were collected ranging
in total length from 98 mm to 245 mm.

An additional 40 blueback herring were taken in May,
1977 from pound-net catches in the Rappahannock River.
These herring were selected on the basis of unusually large
or small length and were processed identically to the
samples from Herring Creek.

Young-of-the-year blueback were obtained from weekly
beach seines on the James River from June 1977 to January
1978, The beach seine stations were located at kilometers
95, 90, and 47 (Figure 2). Total length, fork length, and

total weight were recorded for each specimen.



Scale Characteristics and Preparation

Blueback herring scales are thin, cycloid, usually
subquadrate structures arranged in an imbricate fashion.
The unexposed anterior field is characterized by transverse
grooves, transverse ridges, and annular markings and is
separated from the posterior field by the baseline (Figure
3a-4d) .

Transverse grooves are well defined lines which arc
posteriorly across the anterior field. Curvature of the
grooves is more pronounced near the anterior margin and
diminishes posteriorly until the groove approximates a
straight line, the baseline. The number of transverse
grooves is variable but seems to be related to age (Beal
1968, Marcy 1969) and to the size of the scale (Rothschild
1963). The focus is a point midway on the baseline.

Transverse ridges are the more numerous fine crenu-
lations which roughly parallel the anterior edge of the
scale. They are often discontinuous and branching and may
be interrupted by annuli and spawning marks.

Annuli are non-ambiguous rings which follow the general
contour of the scale margin and can usually be traced
completely around the anterior field. Annuli are often
evident in the posterior field as well.

Spawning checks are scar-like marks similar to annuli
which are formed by erosion of the scale during the spawning

migration. They are often present in both the anterior and



posterior fields. Often erosion is so great that spawning
checks converge at the lateral edges of the scale.

Scales of the blueback herring also have a freshwater
zone. This zone is formed during the first year migration
to sea (Cating 1935) and appears inside the first annulus.

Approximately 20 scales were removed from the left
side of the fish just above the midline anterior to the
insertion of the dorsal fin and placed in numbered envelopes.
Five scales from each fish were soaked in fresh water for
several minutes then cleaned of adhering material by rubbing
between the thumb and forefinger. Impressions of the cleaned
scales were made in clear Kodacel acetate sheets. Scales
from seven fish were placed on a single 7.6 cm x 12.7 cm
sheet. The scales were held in place by heat resistant tape
then subjected to a pressure of 20,000 lbs at a temperature
of 76° to 82°C for 1.5 minutes. The heat resistant tape and
adhering scales were removed and discarded. A legend was
added to the sheets indicating date and specimen numbers.

Scale impressions were examined at 40X using an
Eberbach projector. The age, yearclass, number of spawning
checks, and number of transverse grooves were recorded for
each specimen. Of the five scales mounted, one was
chosen as characteristic. Then a second reading was made
to check age determinations and to measure the distances
from the focus to successive annuli. All measurements used
for the scale radius-body length relationship and back-

calculations were made from the focus to the dorsal corner



of the scale where the lateral and anterior edges meet.
Judy (1961) used the antero-lateral radius in age

determination of Alosa sapidissima and Miller (1946) and

Everhart (1950) used this radius in back-calculation of

body length of Thymallus signifer and Micropterus dolomieui,

respectively. Beal (1968) found that differences between
antero-lateral radius and anterior radius of blueback
herring scales were not significant.

All scales were examined by a second reader. Any
disagreements were noted and re-examined by both readers.
If reader agreement could not be established the specimen
was excluded from further analyses.

This study followed the methods of Cating (1953) and
Judy (1961) in which ageing of the blueback herring scale
involved counting the number of annuli and spawning checks

and adding one year for the scale edge.

Otolith Characteristics and Preparation

The sagittal otoliths of the blueback herring are
laterally compressed, minute, oval structures with irregular

margins and are very similar to young Clupea harengus

harengus otoliths described by Watson (1964). Anteriorly,
the otolith is deeply cleft forming a long ventral rostrum
and a short antirostrum. Posteriorly, the basal end is
rounded. The proximal surface of the otolith is convex with
a deep longitudinal furrow, the sulcus acusticus, extending

from the cleft to the center of the otolith. Both surfaces



taper outwardly to a thin edge. The central area or focus
is that point around which deposition takes place
(Figure 4a-4d).

The structure of the otolith in reflected light was
characterized by alternating light (opaque) and dark
(hyaline) bands. Although the exact time of zone formation
may vary, hyaline growth is usually associated with winter
growth and opaque growth with summer (Williams and Bedford
1974).

Otoliths were removed from each specimen by making a
vertical incision approximately 1 cm posterior to the
margin of the eye. This cut exposes the brain and anterior
portion of the inner ear. Removal of the brain exposes
the sacculi in the bony recesses at the base of the skull.
Lifting of the sacculi causes the semi-circular canals to
break, dislodging the sagitta, the largest otolith. This
otolith was used for age determination. Following removal,
the otoliths were stored dry in one dram vials numbered
serially to correspond with collection records.

The otoliths were prepared for examination by placing
them in a culture dish and completely covering with
glycerin. A sixty second immersion in the glycerin
enhanced the zoned appearance. The otoliths were examined
under a zoom dissecting microscope (50X) with a black
plate base. The surface was illuminated by reflected
light in a manner described by Williams and Bedford (1974).

For each specimen, age, yearclass, number of hyaline and
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opaque 2zones, and margin type (opaque or hyaline) were
recorded. An otolith annulus was considered as one opaque
zone and its successive hyaline zone. All measurements for
back-calculations were made from the focus, in a longitu-
dinal direction toward the basal end of the otolith, to
successive hyaline zones.

Otoliths were examined by a second reader and those
disagreements in age which could not be resolved were
excluded from further analysis. An arbitrary birthdate

of January 1 was assigned for all age determinations.

Data Analysis

Although the annuli of blueback herring scales have
been validated (Beal 1968), the annuli of the otoliths have
not. The validation of the otolith annuli was based on
criteria similar to those suggested by Hile (1941):

1. The mean lengths of age groups based on otoliths
should coincide with modes in the length frequency
distribution;

2. A regular increase in fish length should occur
with each succeeding annulus; and

3. The mean calculated length of a fish at any
annulus should closely agree with the mean actual
length of the fish of that corresponding age

group at the time of capture.
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Chi square analysis was used to statistically compare scale
and otolith ageing methods.
Back-calculated lengths at successive ages were
established using a modified proportionality formula

developed by Fraser (1916) and Lee (1920):

S
L—C:.__I_l.

n = (L - C)

where Lp is the length of the fish when annulus 'n' was
formed, L is the length of the fish at the time of capture,
Spn is the radius of annulus 'n' at length L,, S is the
total radius of the scale or otolith, and C is the inter-
cept with the ordinate in the body length-scale (or otolith)
radius regression.

Length—-at-age data was used to construct a von
Bertalanffy growth equation (1938). The von Bertalanffy
model was chose because it is an accepted growth function
for many species, and it provides estimates of growth
parameters which could be incorporated into stock

assessment models (Gulland 1975). The basic model is:

L, = Lo [1 - e X(t-to)y

where Ly is length-at-age t, L is the asymptotic length of
the fish, i.e., the average maximum size, K is the rate at
which length approaches IL,, and tp is the hypothetical time

at which the blueback herring would have been of zero
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length if it had always grown according to the established
eqguation.

Estimates of the parameters L_ and K were obtained
from a computer program developed by Fabens (1965). This
version of the size-increment method fits the von
Bertalanffy model by the least squares method using data
on growth increment in known time intervals but makes no

assumptions about absolute age. The model is written as:

Ly = Le (1-be K%

where b is an estimate of the theoretical proportion of
potential growth in length that occurs after hatching.
The estimates of L_ obtained from the Fabens growth

model were used as initial values in Beverton's (1954)

expression:
loge (Lo - lt) = logg Lo + Kto - Kt
where a graph of log, (L, - lg) against t is sensitive to

changes in L,. Additional values of L, were then
substituted into the equation to obtain the best line
(highest r?). The value of K was determined from the

slope of the line and tp was obtained from:

ty = (a = logg L) /K

where a is the y-intercept.
Length-weight curves were obtained from the power

function:
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W = aLb

where W is weight, L is length, and a and b are constants.

The least squares linear representation is:
log, W = log,ga + blog;,L

and the regression of log, W on log,,L was used to estimate

the values of a and b.

e —
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RESULTS

Validity of Otolith Age Determination

Examination of the seasonal changes in the appearance
of the otolith edge indicated that only one opagque and
one hyaline zone are formed each year. The first zone to
appear on the otoliths of blueback herring is opaque.
Young~of-the-year, collected from August through October,
showed a distinct opagque nucleus with no hyaline margin.
The radius of the otolith at that time was 0.45 to 0.69 mmn.
Beginning in November, most juveniles had formed the
beginning of a narrow hyaline zone at the edge of the
otolith. This was regarded as the beginning of the first
annual hyaline zone, but for ageing purposes was not
counted until January 1 of the next year. Juvenile
herring taken in late January had otolith radii that
ranged from 0.65 to 0.81 mm and showed an increase in the
width of the hyaline margin.

All specimens taken during the spawning run, from
March to May, had deposited hyaline marginal zones, but no
substantial increase in the width of the margin occurred
over these months. While complete monthly data were not
available, the period of opaque zone formation probably
extends from June through October and is the period of

fastest growth. The hyaline zone deposition process begins
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in November and apparently continues through the period of
cold water with little growth occurring during the spawning
run.

Mean observed lengths at capture should coincide with
back-calculated lengths at successive ages if annulus for-
mation occurs just prior to the spawning run, and if no
appreciable deposition on the otolith edge occurs during
the spawning migration. Data in Tables 1 and 2 show
reasonably good agreement between mean lengths at capture
and the back-calculated lengths. The greatest differences
were in younger fish, 2 year old males (16 mm) and 3 year
old females (10 mm). Tables 1 and 2 also show a general
increase in fish length with each succeeding annulus. Modes
of the length frequency distributions for each sex corre-
sponded approximately with the mean lengths of age groups.
However, due to the great overlap in the sizes of fish in
adjacent age groups and the small sample sizes the mean
lengths—-at-age did not correspond exactly to the modes of
the length frequency distributions. This criterion usually
holds for only younger age groups which were not collected
in the Herring Creek study. Thus, Hile's criteria for
validation of annuli are met and blueback herring otoliths

are acceptable for ageing.

Comparison of Otolith and Scale Readings

Of the 519 specimens examined, 459 otoliths and 442

scales were suitable for ageing. Although, the specimens
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were treated with great care, some scale loss did occur.
This scale loss, however, was no where near as great as
that which occurs with commercially obtained samples.

Initial agreement in age assignment between the two
readers was 82% for scales and 84% for otoliths. The
greater percentage of the disagreements was obtained from
fish above age 6. The 7, 8, and 9-year-old age groups
accounted for 73% fo the scale ageing disagreements and
57% when using otoliths.

Ageing disagreements are partly explained by the
crowding of annuli on the scales. 1In many cases, spawning
checks formed on the scales in later years converge with
checks of previous years making accurate age determination
more difficult. False checks also appeared on many scales,
especially between the second and fifth annuli. These
checks usually could not be traced completely around the
anterior field of the scale, but some misinterpretation
could have occurred.

As blueback herring increase in size, the widths of
alternate hyaline and opaque zones of the otolith become
increasingly smaller and less distinct and thus more
difficult to read. A splitting of the opaque 2zones of the
otolith was also noted. These secondary checks were
rarely seen but usually appeared during the second year of
growth. They were always less distinct than the annual

hyaline zones and were usually incompletely formed.
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Crystallinity of the otolith, although rare, was
another cause of illegibility. Of 519 pairs of otoliths
examined, 3% had a single crystalline otolith and another
1% had paired crystalline otoliths. Partial crystallinity
also occurred (<1%) but the number of annuli could be
interpreted.

Scale and otolith readings agreed in 81% of the 344
comparisons. The distribution of the agreements and
disagreements by age group is shown in Table 3. Twelve
percent of the otolith readings were lower than the scale
readings while 7% of the scale readings were lower than
otolith readings. A chi square test of independence
indicated no significant difference (P>0.9) in the two age

frequency distributions (Table 4).

Growth Calculations from Otoliths and Scales

The relationship between fork length and otolith
radius and the relationship between fork length and scale
radius were linear but not directly proportional (Figures
5 and 6). Analysis of covariance indicated no significant
difference (P>0.10) between sexes for both relationships,
thus the data were pooled. Least square regressions
applied to the data (sexes combined) gave the following

equations:

FL = -52.8 + 180.05 R_; r?=0.94, N = 548

and

FL = 20.8 + 0.86 Rg; r’=0.94, N = 548
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where FL is fork length (mm), Rg is scale radius (mm x 40)
and R, is otolith radius (mm) and r®? is the coefficient of
determination. Specimens used for the two relationships
ranged in fork length from 40 mm to 297 mm.
The relationships between total length and otolith
radius and total length and scale radius were also linear

and highly correlated. The least squares regressions were:

TL = -60.1 + 203.82 Ry; r?=0.94, N=548
and

TL = 23.4 + 0.97 Rg; r?=0.94, N=542
where TL is total length.

Although both the body-scale and body otolith
relationships are linear, the rates of growth (regression
coefficients) of the scales and otoliths and the correction
factors (y—-axis intercepts) are quite different. This
fact is obvious upon examination of the scales and
otoliths. The otolith is much smaller than the scale and
the annuli are spaced much more closely on the otolith.

Back-calculations of length at successive ages were
made from 347 male otoliths and 112 female otoliths
(Tables 1 and 2) and from 350 male scales and 89 female
scales (Tables 5 and 6). Blueback herring reached a
maximum age of 9 years (as determined from both ageing
methods). Back=-calculation of mean length-at—age by both
methods showed females to be larger than males at all ages.

In general, the mean lengths for both sexes obtained
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from back-calculations of otoliths were larger than lengths
calculated from scales. Individual t-tests of lengths-at-
age determined by the two methods for each sex were not
significant for ages 4 through 9 (P>0.05 for all tests).

Annual growth increments were also estimated and
indicated that females grow at a faster rate than males
(Tables 1, 2, 5, and 6). Otolith calculation of mean
length-at-age indicated that the most rapid growth in length
of males occurred during the second year of life with annual
increment decreasing each year thereafter. Growth of
females was greatest and about equal during the first and
second years of life. Lengths derived from scales, however,
indicated that annual growth in length declines throughout
life for both sexes. Lee's phenomenon (Lee 1912) of the
apparent change in growth rate was evident in the growth
data for both sexes calculated from both scale and otolith

samples.

Growth Curve Analysis

FPitting von Bertalanffy growth curves to mean back-

calculated fork lengths resulted in the following equations:

Males (scale data)

Ly = 263 (1-e~0-397(t-0.016))

Males (otolith data)

Ly = 262 (1-e~0.468(t-0.333))
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Females (scale data)

Ly = 290 (1-e=0.313(t+0.042))

Females (otolith data)

Ly = 280 (1-e-0.436(t-0.366))

Estimates of length-at-age were obtained from the above
equations and were plotted to provide growth curves
(Figures 7 and 8).

Von Bertalanffy lengths—-at—-age are compared with
ohserved lengths—-at-age for both sexes in Table 7.
Analysis of variance indicated no significant difference
(P>0.75) between the theoretical and observed lengths-at-

age for both ageing methods.

Length-Weight Regressions

Specimens used for the length-weight regressions
ranged in total length from 53 to 336 mm, 47 to 296 mm fork
length, 1.1 to 312.6 g total weight, and 5.4 to 291.0 g
eviscerated weight. A power function, W = aLb, best
described all the observed weight-length relationships

(Figures 9-12). The logig=-linear equations were as follows:

Total Weight - Total Length
Males: Logi1oTW = 3.3626 Log;,TL - 5.9570; r?=0.96, N=383

Females: Log,,TW = 3.3997 Log;,TL - 6.0354; r®=0.98, N=81
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Total Weight - Fork Length
Males: Log,,TW = 3.3380 Log,,FL - 5.7160; r®=0.96, N=383

Females: Log,,TW = 3.4159 Log,,FL - 5.8918; r?=0.98, N=81

Eviscerated Weight - Total Length
Males: LogioEW = 3.2060 Log;,TL - 5.6059; r2®=0.97, N=383

Females: Log; EW = 3.1995 Log;,TL - 5.5953; r?=0.98, N=81

Eviscerated Weight - Fork Length
Males: Log,,EW = 3.1826 Log,,FL -5.3794; r®=0.97, N=383

Females: Log,,EW = 3.2149 Log, FL - 5.4603; r?=0.98, N=81

Analysis of covariance indicated no significant
differences between male and female length-weight regressions
(P>0.10 in all cases). Accordingly the data were pooled

and produced the following relationships:

™ = (1.070 x 10~ %)Tr3-%7%1, +2=0.97, N=464
™ = (1.670 x 10 ®)Fr®-36%%. r2=0,97, N=464
EW = (2.424 x 1075)TL3°2°9%96,. »2=0_.98, N=464

EW = (3.700 x 10~ %)FL3-20%%,: r2=0.98, N=464

where r? is the coefficient of determination for the log;¢-
linear relationships. Plots of the curves are presented
in Pigures 9 and 10.

Estimates of asymptotic weight (W,) were obtained
from the total weight-fork length relationship and the

previously reported asymptotic lengths (Lg):



Males (scale data)

L, = 263 mm; W, = 231.4 g
Males (otolith data)

Lo, = 262 m; W, = 228.5 g
Females (scale data)

Lo = 290 mm; W = 321.5 g

Females (otolith data)

Lo = 280 mm; Woo = 285.7 g

Total Length - Fork Length Conversions

Conversion equations were developed to facilitate
comparison of fork lengths reported in this study with
total lengths reported in other literature. The highly

correlated least squares regressions are:

TL = 0.17 + 1.13 FL; r2=0.99, N=542

and

FL = 0.12 + 0.88 TL; r2=0.99, N=542

where TL is total length and FL is fork length. The

specimens used ranged from 43 mm to 333 mm total length.

Description of Herring Creek Spawning Run

Male blueback herring were first captured at Herring
Creek collection site A (Figure 1) on March 21, 1977 and
upstream at site B on April 14, when water temperatures

were 12.8°C and 19.0°C, respectively. The first females
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did not enter site A until April 9 and were not taken up-
stream until April 15. Water temperatures on these dates
were 13°C and 19.4°C, respectively. Surface water tempera-
ture is plotted for the spawning run duration in Figure 11.

The migration of the adult herring lasted 54 days
(March 21 - May 13) and 394 blueback herring were taken at
the two collection sites. Only one spawning wave was
observed during this period with peak catches of 63 blueback
herring at site A on April 22 and 104 blueback herring at
site B on April 27. Chi square analysis indicated that male
blueback herring were significantly more abundant than
females during the entire spawning migration. The ratio
of males to females was 3:1 at site A and 14:1 at site B.
Females outnumbered males in only three collections from
site A, but these catches were usually preceeded by larger
numbers of males. Upstream, males were always
significantly more abundant than females, with sex ratios
reaching 18:1 at the peak of the spawning wave.

Age composition and spawning frequency were derived
from scale analysis and are presented in Table 8. The modal
age for blueback males taken during the spawning run was
age 6, but the data indicated a co-dominance of ages 6 and
7 for females. Mean ages were 6.35 and 6.43 for males and
females, respectively. The average number of spawning
checks was 1.35 for males and 1.30 for females. The
percentage of male virgin spawners was 65.2, 38.0 and 6.0

for age classes V, VI, and VII, respectively; percentages
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for females first spawning were 100.0, 57.1, 28.0, and 10.0
for age classes IV, V, VI, and VII. Only 28.0% of the
Herring Creek blueback population were virgin spawners.

The maximum number of spawning checks was 4 for 7, 8, and
9-year-old males and 3 for 8 and 9-year-old females.

Mean total lengths and total weights for male and
female blueback were 276 mm, 287 mm and 182.3 g, 202.3 g,
respectively (Table 9). Ranges of length and weight (sexes
pooled) were 249 to 314 mm total length, 217 to 278 mm fork
length, 140.7 to 312.6 g total weight, and 130.4 to 255.9 g
eviscerated weight. Average gonad weight was 15.0 g for
males and 22.7 g for females.

Weekly changes in mean total length, mean total weight,
and mean eviscerated weight are summarized in Table 10.
Regression analysis indicated no significant change in
total lengths for females (P>0.50), however the regression
coefficient was marginally significant for males (.01<P<.05)
and indicated a decrease in total length as the spawning
season progressed. Changes in total weight were also
significant for males (P<0.001l) and females (P<.0l) with
total weight decreasing during the sampling period.
Eviscerated weights also decreased significantly for males

(P<0.001) and marginally for females (.01<P<.05).
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DISCUSSION AND CONCLUSIONS

Otolith Validation

Use of the otolith as an ageing structure for blueback
herring was validated. Examination of the seasonal changes
in the otolith indicated that one hyaline and one opaque
zone is formed each year. Lengths and ages determined from
otoliths were similar to those calculated from scales and
were in agreement with empirical length-at-age data.

It is also concluded that the otolith is a practical
ageing structure. Traditionally, blueback herring in the
Virginia fishery have been aged from scales. Scales are
large and relatively easy to collect but fishing and
handling techniques tend to remove scales from the
specimens. Thus, key scales are difficult to obtain. In
this sense, otoliths are a more permanent ageing device.
Although otoliths are small and require more time for
removal, they do not require cleaning, mounting, and
pressing as do the scales. With experience, dissection
time of the otolith was greatly reduced and total
preparation time was less than that for scales.

Reader agreement for both scale and otolith ageing
methods was approximately equal. The difficulty of

interpreting the annuli of older fish, however, was more
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pronounced in scales because of the erosion and absorption
of the scale edge during the spawning migration. The
otolith annuli also become less distinct with age, but
overlap and convergence of annuli was not seen at the basal
end of the otolith and interpretation of their annuli was

less subjective.

Growth Calculations

The linearity of the blueback herring body-otolith
relationship in the present study is contrary to that
reported by Kornegay (1978). He found a curvilinear
relationship between fork length and otolith radius.
Kornegay also reported significant sexual differences in
the log-linear fork length-otolith radius regressions. His
low coefficient of determination (r?) for males (0.29),
however, suggests a very poor fit to the data; the r? for
females was 0.97.

The correction factors calculated from the body-scale
and body-otolith regressions represent necessary
mathematical parameters but do not correspond to the
morphological length of the fish at the time of scale and
otolith formation although these parameters do frequently
have a value near the length of the fish when scales (and
otoliths) are first formed (Hile 1970). The correction
factor, 20.8 mm fork length, used in this study is roughly
equal to the blueback herring length at scale formation

(25.0 mm total length), reported by Mansueti and Hardy
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(1967) . The correction factor calculated for the otolith
back-calculations was -52.77 (-60.1l mm total length).
Although this does not represent a true morphological
length it does indicate that the otoliths are probably
present upon hatching. Most species of fish have otoliths
when hatched since they must be able to orient themselves
in their environment immediately upon hatching (Williams and
Bedford 1974).

Kornegay (1978) found significant differences between
blueback herring male and female body-scale regressions
with correction factors of 75.74 for males and 29.84 for
females. Beal (1968) calculated a correction factor of 37.97
for the fork length-scale regression for blueback herring
from Rappahannock River commercial samples. However, his
data lacked specimens between 100 and 200 mm. Marcy (1969)
calculated a factor of 77.72 for a total length-scale
radius relation for Connecticut River blueback herring.
Apparently Marcy's data were more variable since r? for the
relation was 0.60. Also Marcy (1969) used scales from the
left side above and below the midline at the level of the
vent as opposed to above the midline at the insertion of
the dorsal fin. Geographic variability as well as the
varied position of the key scales could account for the
differences of the body-scale regressions. Hile (1970)
suggested that a species body-scale relation rarely exists.

Differences in back=-calculated lengths computed from

scales and otoliths were especially pronounced for ages 1
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and 2 and were attributed to the arbitrary position of the
first and second annuli on many of the scales. The first
annulus was especially indistinct. Erosion of the scale
edge during spawning may account for the underestimation of
lengths—-at-age as compared to lengths calculated from
otoliths. Beal (1968) compared calculated lengths-at-age
of virgin spawners with repeat spawners to test the extent
of marginal erosion on blueback herring scales. In most
cases the lengths of virgin spawners were greater than the
lengths of repeat spawners, however, the differences were
not statistically significant. Greatest differences in
growth increment were again associated with the second year
and were probably a function of the arbitrary placement of
the second annulus on the scales.

The occurrence of Lee's phenomenon in the data could
be due to natural selection and/or size selection by the
fishery. Faster growing fish of a cohort tend to mature
and die earlier than slower growing members of the year-
class (Gerking 1959). Virgin blueback herring spawning
generally occurs at age 4 but may occur at age 3 or not
until ages 5 and 6 (Marcy 1969). Thus, if initial
maturation is, at least in part, a function of size,
fishing pressure would be greater on the faster growing
members of a cohort who recruit at ages 3 and 4.

The inequality of male and female back=-calculated

lengths, especially after the third year is most probably
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the result of the onset of sexual maturity. Since females
were larger than males at all ages greater than 3, the
estimates of a larger asymptotic length (L_) but a smaller
growth coefficient (K) relative to males were appropriate
since the two growth parameters are inversely correlated
(Ricker 1975). Likewise, this accounts for the fact that
growth curves calculated from otoliths tended to approach
their asymptotic length more quickly than did the scale
growth curves. Scale erosion and convergence of the
spawning checks on the scales causes a decrease in the
distance between annuli and thus could account for the
smaller X and greater L, relative to those estimated from
otoliths.

Estimates of asymptotic fork length, 263 mm and 262 mm
for males and 290 mm and 280 mm for females, and corre-
sponding asymptotic total lengths of 297 mm and 296 mm for
males and 328 mm and 316 mm for females seemed biologically
reasonable. Hildebrand and Schroeder (1928) reported an
average total length of 280 mm for blueback herring (sexes
pooled) in the Chesapeake Bay. Messieh (1977), however,
calculated asymptotic fork lengths of 231.33 mm for males
and 259.85 mm for females from St. John River, New
Brunswick. These differences lend support to a hypothesis
of geographical variation in growth and possibly the
existence of different stocks of blueback herring. Although

mature blueback herring lengths—at—-age calculated by



30
Messieh (1977) were smaller than my estimates, his lengths
at ages 1, 2, and 3 were very similar. Marked changes in
the growth rate apparently occur when the fish reaches

sexual maturity.

Herring Creek Analysis

The spawning run of blueback herring in Herring Creek
for 1977 was extremely poor and indicative of total state
landings. Virginia river herring landings were a record
low and only 37% of the previous record low in 1976
(Loesch et al. 1977). Personal communication with
dipnetting fishermen concurred that the seasonal run was
very poor.

Peak catches of blueback herring were taken when water
temperatures approximated the range of 21 to 24°C reported
by Bigelow and Welsh (1925). However, spawning blueback
were first taken when surface water temperatures were
considerably lower (12°C). Spawning blueback were also
taken when temperatures fell below this range during the
first week of May at the end of the spawning season in
Herring Creek. Loesch and Lund (1977) also report spawning
of blueback in Connecticut at temperatures considerably
below this range.

The high ratios of males to females taken in Herring
Creek (3:1 site A; 1l4:1 site B) may indicate that males
remain on the spawning grounds for a longer period of time

while females return to sea immediately after spawning.
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Loesch and Lund (1977) reported temporal and spatial
variation in the sex ratio of spawning blueback herring in
Connecticut, and based on day of spawning run entry they
estimated a 2:1 ratio of males to females on or near the
spawning ground. Joseph and Davis (1965) previously
reported an equal sex ratio in blueback herring in the
lower Chesapeake Bay while Loesch et al. (1977) reported a
sex ratio of 1.7:1 for blueback herring in the James River.

The high freguency of six-year-o0ld blueback herring
and the absence of four-year-olds is further evidence of
the decline of blueback herring in Virginia reported by
Loesch et al. (1977). Prior to 1976, age 4 blueback
herring were generally the dominant yearclass in the
fishery (Hoagman and Kriete 1975). A mean age of 6.4 and
mean number of spawning checks of 1.34 determined from
scales (sexes combined) is slightly higher than the 5.6
mean age and 0.60 mean number of spawning checks reported
by Loesch et al. (1977) for commercial samples of blueback
herring taken from the James River.

The mean fork lengths and mean total weights of 243.5
mm and 178.3 g and 253.7 mm and 206.4 g reported for male
and female blueback herring, respectively, in the James
River commercial fishery (Loesch et al. 1977) are in
reasonable agreement with the mean lengths and weights
reported in this study.

The decrease in total length of males as the spawning

season progressed is possibly attributed to the late
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arrival of smaller fish. Cooper (1961l) found the same
relationship with spawning alewife in Rhode Island. He
felt this indicated that the larger adults become ripe at
an earlier date than do the smaller adults. Changes in
total weight may be attributed to an increase in the
number of partially spent fish, especially since males
remain on the spawning grounds for extended periods.
Cooper (1961l) also found changes in average weight for
male and female alewife as the spawning run progressed.
Changes in eviscerated weight are supported by the fact

that blueback herring do not feed during the spawning run.
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SUMMARY

Otoliths were more efficient than scales for ageing
blueback herring. Although the otoliths required
more time for removal, overall preparatory time was
much less.

Seasonal changes in the otolith edge of young-of-the-
year blueback herring indicated that one hyaline and
one opaque zone are formed annually.

Agreement with Hile's (1941l) criteria for annulus
validation suggested that otoliths were suitable for
ageing blueback herring.

Between reader agreement in age assignment was 82%
for scales and 84% for otoliths.

Ageing disagreements with scales were partly explained
by the convergence of spawning checks and the presence
of false annuli.

Ageing disagreements with otoliths were explained by
the crowding of annuli after the fourth year.

Scale and otolith readings agreed in 81% of 344
comparisons. A chi square test of independence
indicated no significant difference in the two age
frequency distributions.

The fork length-otolith radius and the fork length-
scale radius relationships were linear but not directly
proportional.

Mean lengths-at-age for both sexes obtained from back-
calculation of otolith annuli were larger than lengths
calculated from scale annuli and may be due to the
erosion of the scale edge during the spawning
migration.

Mean fork lengths-at-age for scale and otolith data
were used to derive von Bertalanffy growth curves.
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The Herring Creek spawning run lasted 54 days.
age composition and spawning frequency were

indicative of the decline of blueback herring in
Virginia.

The
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TABLE 3. Summary of the age determinations of 344 blueback
herring. Values indicate the number of specimens having a
given age determined by both scale and otolith methods.

Italicized values represent those cases in which scale and

otolith readings are in agreement.

Scale Age
1 2 3 4 5 6 7 8 9
1 3
2 2 2 1
3 9 2 1
& 4 1 4 5 2
<
f: 5 3 50 8 3 1
S 6 4 125 8 1
5
7 2 5 66 9
8 5 1 16 1




TABLE 4. Chi square (X?) test of independence of age

frequencies based on scale and otolith ageing methods.

42

Age 1 2 3 4 5 6 7 8 9
Scales 5 2 11 9 62 145 79 27 4
Otoliths 3 5 12 12 65 138 82 23 4

X2 = 2.88 with 8 4f; P>0.9.
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Figure 1. Location of fvke nets (A) and weir (B) sampling

stations in Herring Creek.
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Figure 2. Beach seine collection sites (JA47, JA90, and
JA95) for young-of-the-year blueback herring

in the James River.
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Figure 3. A. Scale from Alosa aestivalis in age group

V with one spawning check. B. Scale in age
group VI. C. Scale in age group VII with three

spawning checks. D. Regenerated scale.






Figure 4. A. Otolith from Alosa aestivalis in age group

V. B. Otolith in age group VI. C. Otolith
in age group VII. D. Partially crystallized

otolith.






Figure 5. Fork length - scale radius relationship for
male and female blueback herring. Dots show
the scatter of the data but do not necessarily
represent unique data points. Coefficient of

determination is r?2.
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Figure 6. Fork length - otolith radius relationship for
male and female blueback herring. Dots show
the scatter of the data but do not necessarily
represent unique data points. Coefficient of

determination is r?2.
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Figure 7. Von Bertalanffy growth curves for male
blueback herring derived from scale and

otolith back-calculated lengths-at—-age.
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Figure 8. Von Bertalanffy growth curves for female
blueback herring derived from scale and

otolith back-calculated lengths-at-age.
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Figure 9. Total weight - fork length (A) and total
weight - total length (B) relationships for
male and female blueback herring. Coefficient
of determination for the linear expression is

r?.
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Figure 10.

Eviscerated weight - fork length (A) and
eviscerated weight - total length (B)
relationships for male and female blueback
herring. Coefficient of determination for

the linear expression is r?2.
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Figure 11. Surface water temperature in Herring Creek
during the blueback herring spawning run in

1977 starting March 21 and ending May 13.
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