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VALIDATION OF PRESUMED ANNUAL MARKS ON SECTIONED
OTOLITHS OF SPOTTED SEATROUT, CYNOSCION NEBULOSUS, IN
THE CHESAPEAKE BAY REGION

Thomas F. Ihde and Mark E. Chittenden, Jr.

ABSTRACT

Annual otolith incremnet deposition has not been validated for spotted seatrout popu-
lations north of Florida. To validate the marks on sectioned otoliths of Chesapeake Bay
spotted seatrout, a size-stratified subsample (n = 683) was randomly selected from a total
of 2763 fish collected from June 1996 to March 1999. Monthly marginal increment fre-
quency plots and monthly frequency of 0 marginal increment plots showed that pre-
sumed annual marks —interpreted as the distal edge of the translucent margin— formed
once a year, during March and April, thus validating the sectioned otolith method in
spotted seatrout of ages 1-5 for the Chesapeake Bay region.

Many methods have been used to age fishes, but most studies have relied on the pre-
sumed annual marks on calcified structures to indicate age. Length-frequency analysis
has been an useful alternative to calcified structures for aging many fishes, but this method
has not been effective for spotted seatrout, Cynoscion nebulosus, because sizes-at-age
overlap so much that no age groups (except the first) have been clearly evident (Pearson,
1929; Tabb, 1961; Wakeman and Ramsey, 1985). Of the various calcified structures, only
scales and otoliths have been used to age spotted seatrout. Most studies have used scales
(Pearson, 1929; Klima and Tabb, 1959; Wakeman and Ramsey, 1985). In a comparison of
aging structures, however, Ihde (2000) found sectioned otoliths far superior to scales,
dorsal fin spines, pectoral fin rays and whole otoliths, because the presumed annual marks
on sectioned otoliths were clearest, reader confidence was highest, and agreement was
100% both within and between readers. Similarly, Cottrell (1990) found otolith aging to
be more reliable than scales. Yet only three published studies have used sectioned otoliths
(Sundararaj and Suttkus, 1962; Maceina et al., 1987; Murphy and Taylor, 1994), and all
of these took place near the southern end of the US range of spotted seatrout.

To be useful, an aging method must accurately reflect age of the animal. Few attempts
have been made, however, to validate either the scale or sectioned otolith aging methods
for spotted seatrout. Moffett (1961) and Rutherford (1982) validated the scale method in
Florida for spotted seatrout with 2—4 annuli, and Maceina et al. (1987) and Murphy and
Taylor (1994) validated the sectioned otolith method for fish with 1-4 annuli in Texas
and 1-3 annuli in Florida, respectively.

Brown (1981) used an unvalidated scale method in her study of Chesapeake Bay spot-
ted seatrout, and reported the oldest spotted seatrout ever recorded (15 yrs). It seems
unlikely that this scale age was accurate, however, since a fish the length and weight of
Brown’s (1981) 15 yr-old corresponded to only an 8.7 yr-old fish in Thde’s (2000) otolith-
based study. Cottrell’s (1990) results also suggest that scales overestimate age, 85% of
his age disagreements were caused by scale-aged overestimates. Beamish and McFarlane
(1983) showed that using unvalidated ages can lead to dangerous and costly mistakes in
fisheries management. Moreover, aging methods should be validated for each age and
each population since the appearance of annuli can vary among ages and populations
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(Williams and Bedford, 1974; Chilton and Beamish, 1982; Beamish and McFarlane, 1983).
This may be particularly pertinent to spotted seatrout, because many studies have shown
that this species exists as separate subpopulations in individual estuaries, as indicated by
tagging studies (Moffett, 1961; Iversen and Tabb, 1962; Baker et al., 1986), electrophoretic
comparisons (Weinstein and Yerger, 1976), and mitochondrial DNA diversity (Gold et
al., 1999).

This study uses marginal increment analysis (MIA) to validate the use of sectioned
otoliths for aging spotted seatrout in the Chesapeake Bay region, a location near the
northern edge of the range. Until now, no published study has validated any structure for
aging spotted seatrout north of Florida, an area that includes nearly half the range of
spotted seatrout in U.S. waters.

METHODS

Fisu CoLLEcTION.—Spotted seatrout (n = 2763) were sampled from commercial haul-seine and
gill net fisheries over 3 yrs, June 1996 to March 1999. Most fish came from the Chesapeake Bay
(89%) where they are subject to some of the most extreme annual temperature ranges known for
coastal ecosystems (Murdy et al., 1997). As a result, and even though spotted seatrout are relatively
non-migratory, they generally leave Chesapeake Bay waters from November to April. It is thought
that this population winters approximately 200 km south, near Cape Hatteras, North Carolina (H.
C. Yarrow in Goode, 1884; Murdy et al., 1997), where temperatures remain higher throughout the
winter. Consequently, Chesapeake Bay catches (n = 2448) were supplemented with fish caught
near Cape Hatteras, North Carolina (n = 315) from November to April.

ProcessING ProceDURES.—Each fish was measured for standard length (SL) and total length
(TL) to the nearest mm, and for total weight (TW), and eviscerated weight (EW) to the nearest
gram. A regression of TL on SL was calculated (n = 1357) in order to convert between lengths for
Chesapeake Bay spotted seatrout. Because torn or damaged caudal fins were common, calculations
and reported TL values were based on SL.

Sagittal otoliths were removed from each fish, wiped, and stored dry. A size-stratified subsample
of fish (n = 683) was randomly selected each month from our total catch to validate the sectioned
otolith method. All fish were included in the subsample if less than 20 fish were collected in any
month. If more than 20 fish were collected in any month, however, the subsample was made up of:
15% of the fish smaller than 450 mm TL (n = 245), 30% of fish 450-701 mm (n = 414), and all of
the fish 702 mm or larger (n = 24).

Right or left otoliths were randomly selected and transversely sectioned through the focus with a
variable-speed Buehler Isomet saw. Sections 0.5-0.6 mm thick were mounted on clear glass slides,
and presumed marks were enumerated in transmitted light on a dissecting microscope at magnifi-
cations of 120-500x. Differences between left and right counts were tested for significance with
the Mann-Whitney test (Wilcoxon rank sum test; SAS, 1989; Zar, 1996).

We interpreted the distal edge of the translucent growth band (i.e., a mark had to be defined by
new opaque margin growth before being counted) as being the edge of a completed presumed
annual mark (Williams and Bedford, 1974; Casselman, 1983). The two main counting paths used
for mark enumeration were from the focus to the edge, along both the ventral and dorsal sides of the
sulcal groove (Fig. 1). A mark had to be complete in both of the main counting paths before it was
considered a presumed annual mark.

Marginal increments (MIs) —the growth on the otolith since the last completed mark— were
measured as the distance from the distal edge of the last translucent band to the edge of the otolith
section (Fig. 2) using a dissecting microscope equipped with a calibrated Optimas® image analysis
system. All measurements were made along the ventral side of the sulcal groove, in random order
without knowledge of fish size or collection date.
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Figure 1. An otolith section of a spotted seatrout, with three presumed annual marks indicated by
the arrowheads. These marks are each complete in that they are present in both main counting
paths, the ventral (A) and dorsal (B) sides of the sulcal groove (SG).

A Kruskal-Wallis test (SAS, 1989; Zar, 1996) was used to determine if there was a significant
difference in the distances of MIs among months. Differences between individual months were
then further examined for each presumed age group, using monthly plots of MI frequencies. Pre-
sumed ages were based on the number of presumed annual marks on sectioned otoliths.

The sectioned otolith aging method was considered valid, and mark formation was termed ‘an-
nual’, if, for a given age group, one presumed annual mark was formed each year (frequency), at a
similar time of year (timing).

Figure 2. The marginal increment (indicated by arrow) is the distance (in mm) from the distal edge
of the last translucent band to the edge of the otolith section. All measurements were made along
the ventral side of the sulcal groove (SG) as indicated by the line.
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Frequency of mark formation was evaluated by how many times a year a new mode appeared in
MI frequency plots. A new mode was considered to be composed of individuals that had just formed
a new mark and subsequently showed very small MIs. Typically, during the month(s) that a new
mode appeared, individuals that had not yet formed a mark were still present in a second mode of
relatively large MIs. As a result, months of mark formation were usually indicated by a bimodal M1
frequency distribution, and by the occurrence of ‘0’ MIs in plots of 0 MI frequency by month. A 0
MI” was defined as an otolith section that had a continuous, very narrow opaque margin that de-
fined the distal edge of the translucent band. In these cases, the margin of an otolith section called
‘0 MI” never exceeded 0.089 mm.

Timing of mark formation was evaluated using these same plots, to establish whether or not all
age groups formed a mark each year at the same time of year.

Annual mark formation can be most conclusively shown when: (1) a new mode of very small
MIs is formed, (2) that mode can be followed throughout the year as the Mls grow, and finally,
twelve months later, (3) the mode (now composed of large MIs), co-occurs with a new mode of
small Mls.

FormaTION OF THE FIRST MARK.—To show that the first presumed annual mark actually forms
during the first year of life, otoliths of young-of-the-year (YOY) spotted seatrout caught monthly in
the Chesapeake Bay from July to November 1998 were transversely sectioned as described above.
The appearance of marks on YOY otolith sections (0.5—0.6 mm thick) and the size and shape of the
sections were then compared to those of presumed age 1+ fish. The first presumed annual mark was
considered to actually form during the first year of life if YOY sectioned otolith marks, as well as
size and shape, were consistent with those of presumed age 1+ fish.

Rejection of the null hypothesis was based on oo = 0.05 for all statistical tests. In all instances, P
refers to probability, ‘z’ refers to the normal deviate, and SE stands for standard error. When P is
given alone, it refers to the probability of observing a greater test value.

RESuULTS AND DiscussIoN

Annual marks are formed on spotted seatrout otolith sections once a year in the Chesa-
peake Bay region, during March and April. The annual mark in Chesapeake Bay region
spotted seatrout consists of a bipartite set of bands, a narrow opaque band formed in early
summer and a wide translucent band formed over the rest of the year. The Kruskal-Wallis
test found highly significant differences in marginal increments among months (P <
0.0001). For otolith sections with 1-5 annuli, monthly MI frequency plots were typically
unimodal (Figs. 3,4), and the progression of the mode was easily followed over long
periods of time (i.c., May through November) as the MIs increased. The MI mode reached
its maximum size in November, and generally remained stable (indicating very slow
winter otolith growth in this region) through March or April, when rapid otolith growth
resumed. A new mode of very small increments appeared in sections with 1-5 annuli
during March or April, indicating individuals had formed a new mark during these months.
Also, 0 MI’s occurred only in March and April (Fig. 5). These consistent patterns of MI
growth indicate (1) the frequency of mark formation was once a year, and (2) the timing
of mark formation in the Chesapeake Bay region was restricted to the same short time
period each year, March and April.

Annual margin growth slowed drastically after age 1, though growth patterns remained
consistent between presumed ages (Figs. 3,4). The maximum margin growth was about
0.8 mm in fish with 1 annulus (Fig. 3). Growth then decreased markedly to about 0.6 mm
in fish with 2 annuli. Maximum margin growth of fish with 3—5 annuli, about 0.4 mm
(Fig. 4), was only half that of fish with 1 annulus.
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Figure 3. Monthly marginal increment frequencies for spotted seatrout with 1-2 presumed annual
marks (PAM). Upper limits of y-axes are in increments of 5 unless otherwise noted.
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Figure 4. Monthly marginal increment frequencies for spotted seatrout with 3—7, and 0 presumed
annual marks (PAM). Upper limits of y-axes are in increments of 5 unless otherwise noted.
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Figure 5. Monthly occurrence of ‘0’ marginal increments for spotted seatrout. Numbers in italics
above each month represent the number of fish examined for otoliths with 0 marginal increments,
bottom numbers represent the number of 0 marginal increments observed.

Though too few fish were captured to validate sectioned otoliths at ages 0 (n = 6), 6 (n
=4) or 9 (n = 1), their marginal increments follow the same pattern as fish with 1-5
annuli in several respects (Fig. 4): (1) a fish with six presumed annual marks and a 0 MI
was observed in March, (2) margins of fish with six presumed annular marks showed
growth from March through July, and (3) the overall pattern of decreasing margin growth
with increasing annuli was even more evident at age extremes, i.e., presumed age 0 fish
showed greater margin growth to November than any other age group; the size of the
otolith margins in presumed age 6 fish were most similar to those of age 35 fish; and the
only presumed age 9 fish caught showed little margin growth since its last mark formed,
even though the last mark was well defined and apparently formed well before capture in
May.

Both the appearance of the YOY otolith marks and the size and shape of the YOY
otolith sections themselves are similar to those of presumed age 1+ fish at their first
mark, indicating that the first presumed annual mark is definitely formed during the first
year of life. A roughly triangular, opaque, mark (TM) appeared in all otoliths sectioned
(Fig. 6). This mark extends from the focus of the otolith, so it apparently begins to form
very early in life, probably about the time of hatching. The mark appears along the ven-
tral side of the sulcal groove; it was completed about late July in our YOY otolith sections
(Figs. 6A,B), and apparently reflects a short period of rapid early otolith growth. The
shape and size of this mark in YOY captured in late fall (Fig. 6C) are nearly identical to
their appearance in presumed age 1+ fish caught the following year (Fig. 6D). Further,
the MI size (YOY MI were 0.62—0.83 mm in October—November; see Fig. 7A), and the
size and shape of a typical otolith section in YOY in late fall are nearly identical to those
in older fish at their first mark (mean MI of otoliths with >1 and <2 annuli = 0.81 mm; SE
= 0.0054; n = 242). These similarities could only occur if: (1) otolith growth is slow in
YOY in the winter months, as it is for fish with 1-5 annuli (see Fig. 3,4), and (2) the first
mark forms when rapid growth resumes during the first spring of life. We inferred from
this evidence that the first presumed annual mark definitely forms during the first year of
life, at least in the Chesapeake Bay region.
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Figure 6. Appearance and size of otolith sections (0.5—0.6 mm thick) in young-of-the-year (YOY)
(A, B, C) and presumed age 1+ (D) spotted seatrout. Arrows indicate an early opaque triangular
mark (TM) along the ventral side of the sulcal groove (SG) seen in all otolith sections. (A) Otolith
from an 82 mm TL YOY, collected in late July, the smallest fish sectioned. The TM appears complete
in this section. (B) TM formation ended prior to early September when this YOY was caught. (C)
YOY section collected in late October. The size and shape of otolith section C is similar to section
D at D’s first annual mark. Scaling bar marks are 1mm.

The observed TL—SL regression was: TL=10.56 + 1.1537 * SL (r*= 0.995; df = 1356
P < 0.0001). There was no significant difference in number of presumed annual marks
between left and right otoliths (P > |z| = 0.200).

CONCLUSION

We have found that, in the Chesapeake Bay region, annuli form once a year, at the same
time each year on sectioned otoliths of spotted seatrout with 1-5 annuli. These findings
validate this aging method for fish in this region, and generally agree with the limited
literature validating sectioned otoliths in spotted seatrout. Our validations over age 1-5
agree with validations for ages 1-4 in Texas by Maceina et al. (1987) and for ages 1-3 in
Florida by Murphy and Taylor (1994). And, similar to Maceina et al. (1987), we found
that annual marks formed on sectioned otoliths only in March and April. Murphy and
Taylor (1994) found a more extended period of mark formation in Florida (November—
May) but the simple mean, minimum, and maximum marginal increment values that they
presented may not have been sufficient to more specifically resolve the timing of mark
formation. More detailed examinations of the marginal increment frequency distribu-
tions for bimodality, similar to those we used, might have more clearly resolved specific
months of mark formation.

As a result of the studies by Maceina et al. (1987), Murphy and Taylor (1994) and
ourselves, sectioned otoliths have now been validated for spotted seatrout over the ex-
tremes of the range in U.S. waters—Texas in the west, Florida in the south, and the
Chesapeake Bay region in the north—and over the most commonly observed ages, 1 to 5.
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Figure 7. Sizes of marginal increments of young-of-the-year spotted seatrout (A), compared to
marginal increments at the first presumed annual mark for all fish with only 1 complete annulus (B)
(n =242). Dashed line in A is fit to the points. Solid lines in both A and B are the mean marginal
increment at the first annulus, as calculated from all marginal increments shown in B (n = 242;
0.0054 mm SE).
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