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Abstract.—Tilefish stocks along the Atlantic coast of the United States have a history of
rapidly becoming overfished. Since 1916 when the unexploited southern New England-
mid-Atlantic stock yielded 4,500 metric tons (mt), there have been three 20- to 25-year
cycles of rapidly increasing landings followed by equally rapid declines to very low levels of
catch. Landings have exceeded the long-term potential yield (approximately 1,200 mt) dur-
ing each of the periods of high catches, especially from 1977 and 1982 when the fishing
mortality rate was three times that necessary to obtain maximum yield per recruit.

The complex life history of tilefish may have made them exceptionally vulnerable to
exploitation. They are relatively long lived, slow growing and late maturing; for example,
females attain 35 years and 95 c¢m fork length (FL), and mature in 5-7 years. Adults con-
struct shelters (e.g., burrows) in portions of the continental shelf where there is both mal-
leable substratum and relatively warm temperature {9-14°C). Thus, stocks are restricted to
specific identifiable portions of the outer continental shelf, making them especially vul-
nerable to fishing. Reproductive and fishery data indirectly indicate that sexually dimor-
phic and behaviorally dominant males receive higher fishing mortality resulting in unusually
rapid declines in reproductive success of the stock.

Tilefish is a demersal gonochoristic species
found in the western Atlantic Ocean along the
outer continental shelf from Nova Scotia south
to Surinam, but exclusive of the Caribbean Sea
(Dooley 1978; Markle et al. 1980). Within the U.S.
Mid-Atlantic Bight (Cape Cod, Massachusetts, to
Cape Hatteras, North Carolina), they inhabit a
narrow zone of relatively warm bottom tempera-
tures (9-14°C) in 80-240 m depth (Able et al. 1982;
Grimes et al. 1986). They are long lived and slow
growing, maximum size and age being 95 cm fork
length (FL) and 35 years and 112 ¢m FL and 26
years in females and males, respectively (Turner
et al. 1983). Tilefish spawn during summer uti-
lizing a complex breeding system featuring be-
haviorally dominant males (Grimes et al. 1988).
Both sexes are functionally mature (i.e., produce
gametes) at about 50 cm FL and 5 years, but some
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males do not develop ripe testes for 2-3 years and
10-15 cm in additional length; that is, they ap-
pear to delay participation in spawning. Adults
are sexually dimorphic, with males attaining
larger sizes and developing conspicuously en-
larged adipose flaps (an apparent indictor of
male breeding status) at 65-70 cm FL (6-7 years),
the size and age by which virtually all males de-
velop ripe testes. Based upon the timing of the
development of large ripe tastes and enlarged
adipose flaps, Grimes et al. (1988) reasoned that
this is the size and age when males begin to par-
ticipate in spawning, not when, based upon his-
tology of the testes, they begin producing sperm.
Following a brief period as pelagic larvae (Fahay
and Berrien 1981; Berrien 1982), juveniles settle
to the bottom.

Tilefish select sedimentary substrata, con-
structing a variety of shelter habitats. Grossman
et al. (1985) found a strong correlation between
soft sediment composition and tilefish occur-
rence. Both juveniles and adults occupy conta-
giously distributed vertical burrows, the primary
habitat, in Pleistocene clay (Able et al.1982;
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Grimes et al. 1986). Adults also inhabit horizon-
tal excavations into more vertically oriented clay
sediments in submarine canyons called "Pueblo
Habitats” (Cooper and Uzmann 1977; Warme et
al. 1977; Grimes et al. 1986) and scour depres-
sions under and around glacial erratic boulders
(Valentine et al. 1980; Grimes et al. 1986).
Tilefish in the mid-Atlantic-southern New
England stock (Katz et al. 1983) have long sup-
ported important fisheries, and annual commer-
cial catches have varied widely since 1916 when
4,500 metric tons (mt) were landed in 10 months
(Freeman and Turner 1977). In the early 1970s an
important long-line fishery developed, centered
in New York and New Jersey, and became one of
the most valuable fin fisheries in both states dur-
ing most years since 1978 (Grimes et al. 1980;
NOAA, NMFS 1997). A small recreational head-
boat fishery that developed in New York and New
Jersey during the 1980s landed less than 100 mt
per year and is now essentially nonexistent.
The purpose of this paper is to review past
trends in the commercial fisheries, pointing out
that tilefish have a history of becoming rapidly
overfished. Furthermore, we argue that the com-

plexity of their life history, in particular long life,
slow growth, habitat specificity, and a complex
breeding system featuring behaviorally domi-
nant males have made them especially vulner-
able to overfishing.

Historical Trends in Landings

Historical landings show three 20- to 25-year
cycles of rapidly increasing landings followed by
equally rapid declines to very low levels of catch
(Figure 1). Catches were first recorded in 1915.
In 1916 a record 4,500 mt were landed, but then
catches rapidly declined to about 500 mt in 1920.
Landings then steadily increased to about the
200-mt level in 1930, but crashed thereafter; and
by 1942 less than 100 mt were recorded. Catches
again increased during the late 1940s and at-
tained the 1,500-mt level during the early- to
mid-1950s, but declined to about 30 mt in 1969.
In the early 1970s, with the development of the
long-line fishery in New York and New Jersey,
landings again increased, reaching 3,700 mt in
1979, but once again declining to about 500 mt
by 1988. Perhaps entering yet afourth cycle, land-
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FIGURE 1.—Commercial landings of tilefish in the Mid-Atlantic-southern New England region and the
long-term potential yield estimated by Shepherd (1994).
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ings have increased since 1988 to a recent high
of about 2,700 mt in 1993, but have declined to
1,200 mt in 1995. While the decline in landings
during the 1940s can also be attributed to low
fishing effort during World War II, the 20- to 25-
year cycles of increasing and declining catches
are clear and most likely attributable to over-
fishing.

Contrasting the trend in commercial land-
ings of tilefish with those of Atlantic cod Gadus
morhuafrom Georges Bank for roughly the same
period (Figure 2), the cod fishery has not experi-
enced a boom and bust pattern, let alone any
trend suggesting a cyclic period of high and low
catches.

Both age-based and biomass models were
used to assess the stock status during the early
1970s to early 1980s (Turner 1986), and more re-
cent analysis of catch and effort and surplus pro-
duction was done (Shepherd 1994). Based upon
nonequilibrium surplus production analysis,
long-term potential yield is estimated to be about
1,200 tons (Shepherd 1994). According to the cri-
terion of the catch exceeding the long-term po-
tential yield, the stock has been overfished during
each of the four periods of high catch, especially
the latter two periods, and rapid declines in catch
have followed. Trends in catch rate indicated that
during the latter period of high catches, the
population level continuously declined, that is,
from 1975 to 1993 catch-per-unit of effort de-
clined by 80% (Shepherd 1994).

Age-based analysis also indicated that the
stock was overfished during the late 1970s and

early 1980s (Turner 1986). Yield-per-recruit
analysis showed that the maximum (1.75 kg per
recruit) was available at the instantaneous fish-
ing mortality rate of 0.23 at the assumed in-
stantaneous natural mortality of 0.10. Virtual
population analysis showed that weighted mean
fishing mortality rate in 1982 for all recruited
ages was 0.69, threefold higher than the rate re-
quired to harvest maximum yield per recruit.

Life History

Longevity and Growth

Because tilefish are long lived and slow grow-
ing, stock productivity is relatively low. Age esti-
mates of tilefish from transverse sections of
saggital otoliths indicated that females reached
35 years of age and 89 cm FL, and the oldest
males 26 years at 96 cm FL. Both sexes grew about
10 cm per year for the first five years of life after
which growth slowed, but more so in females
than males. For example, in 15 years females
reached 75 cm and males 90 cm FL. Apparent
greater longevity of female tilefish may be a re-
sult of more rapid growth of males causing them
to reach harvestable size sooner than females,
and thus expose males to fishing mortality longer
than females. This process would reduce the
probability of males attaining old ages. Alterna-
tively, males may be behaviorally dominant, at
least during the breeding season, as will be dis-
cussed in a subsequent section of this paper.
Behaviorally dominant males may have prefer-
ential access to baited hooks on longlines and
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FIGURE 2.—Commercial landings of Atlantic cod from Georges Bank. Redrawn from Serchuck and Wigley

(1992).
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thus receive a higher rate of fishing mortality
than females,

Tilefish generally occur alongthe outer con-
tinental shelf in depths of 100-300 m. Within that
depth zone, their spatial distribution pattern is
defined by substratum type and temperature.
Wherever tilefish have been observed, they had
constructed habitats in the seafloor. The simplest
habitat they occupied were scour depressions
under glacial erratic boulders and under slabs of
sedimentary rock. Boulder habitats occurred
mostly in the New England area, a region sub-
Jected to late Pleistocene glaciation, the source
of the boulders. Rock slab habitats were observed
in Baltimore Submarine Canyon at the southern
end of the Mid-Atlantic Bight. Pueblo habitats
Occupied by tilefish are horizonta excavations
into vertically oriented outcrops of stiff gray
Pleistocene clay deposits in the walls of subma-
rine canyons off New England.

The primary habitat of tilefish in the mid-
Atlantic and southern New England region are
vertically oriented burrows, These funnel-shaped
excavations into Pleistocene clay deposits were
secondarily burrowed by associated crustaceans
and small fishes. The size, structure, spatial dis-

E
150~

WATER DEPTH (m)

tribution, and other Species-associated with the
different habitat types have been described in
detail (see Grimes et al. 1986).

Sediment type is a critical factor in allowing
successful construction of shelters. Only sedj-
ments with sufficiently high degrees of malleabi-
ity and cohesiveness would allow excavations to
be constructed and persist. Stiff semilithified silty
clay deposits of Pleistocene origin (e.g., around
Hudson Submarine Canyon) were ideal (Twichell
et al. 1985; Grimes et al. 1986), but burrows were
also found in other soft substrata composed of
sand, silt, and a relatively high percentage (ap-
Proximately 30% by weight) of clay (Able et al.
1987). The importance of sediment type in deter-
mining the distribution of tilefish was demon-
strated using side-scan sonar (100kHz) to identify
individual burrows, and a 3.5 kHz depth sounder
to profile upper bottom sediments and identify
clay (Figure 3). Burrows were found where stiff
Pleistocene clay was exposed near the surface of
the substrata. For example, at a site in Hudson
Canyon, the sidescan Sonogram and sub-bottom
profiler records indicated a transition from bur-
rowed to smooth bottom and different sediment
profiles on each side of the transition. On the byr-
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rowed side, there was a 20-m thick poor acoustic-
reflecting layer (clay) above a strong acoustic-re-
flecting layer (sand). The nonburrowed surface
was a strongly reflective sand bottom. This inter-
pretation was validated by direct observation dur-
ing submersible dives.

The second critical habitat defining factor is
temperature; in the mid-Atlantic-southern New
England region, tilefish are always associated
with a narrow zone of 9-14°C bottom water along
the outer continental shelf (Freeman and Turner
1977; Dooley 1978; Grimes et al. 1986). This
“warm belt” (Verrill 1882) represents the inter-
face between distinct continental shelf and slope
water masses. The area of the mid-Atlantic-
southern New England continental shelf bathed
by 9-14°C water varied seasonally (Figure 4). The
hatched area in the figure shows the shelf area
bathed in 9-14°C water for a representative
month in each season. Continental cooling of
shelf water in winter (represented by January)
reduced the 9-14°C area resulting in minimum
coverage in spring (March). Vernal warming of
shelf water increased the size of the “warm belt”
during the summer (July), eventually reaching
the seasonal maximum in fall (October).

Vuinerability to Fishing

The extreme habitat specificity of tilefish
makes them unusually vulnerable to fishing be-
cause characteristics like bottom temperature
and sediment type are easily measured and iden-
tified allowing concentrations of fish to be ac-
curately located using modern navigational
electronics. Vulnerability to fishing is demon-
strated by statistically significant seasonal trends
in catch rates in the long-line fishery for tilefish
from 1974 to 1978 (Grimes et al. 1980; Figure 5).
Trends reflected the seasonal changes in the shelf
area bathed in 9-14°C bottom water._Catch rate
was high in winter when available 9 —14°C habi-
tat was declmmg and highest in spring when 9-
14°C habitat was at a minimum and fish were
concentrated. ‘Conversely, catch rates were low
in summer and fall when available 9-14°C habi-
tat was expanded and fish were more dispersed.
Our interpretation that seasonally varying catch
rates reflect limited movements by tilefish in re-
sponse to seasonal variation in the shelf area
bathed in 9-14°C water is supported by submers-
ible observations. Smaller and less structurally
complex burrow habitats were observed in areas
of the southern New England continental shelf
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FIGURE 4.—Area of the Mid-Atlantic-southern New England continental shelf between 100 and 200 m
bathed by 9-14°C bottom water (shaded and cross hatched) during a representative month in each season.

Redrawn from Grimes et al. (1986).
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FIGURE 5.—Seasonal mean catch rates from the Mid-Atlantic-southern New England long-line fishery
for tilefish from 1974 to 1978. Plotted from Grimes et al. (1980).

that were not bathed by 9-14°C water year round.
Lower occupancy rates of burrows were also ob-
served in these seasonal habitats, that is, burrows
occupied only at certain times of the year
(Grimes et al. 1986).

Breeding System

Tilefish appear to have a complex mating
system, featuring behaviorally dominant males,
that can be disrupted by fishing. Based upon
time-lapse camera observations made during the
summer spawning season that showed a female
in a burrow during the night while the male re-
mained active nearby, Grimes et al. (1988) sug-
gested that behaviorally dominant, sexually
dimorphic males (larger adipose flaps than fe-
males) may spawn with females in association
with burrows. Sexual maturity was determined
by both visual inspection of gonads (presence of
ripe-appearing gonads) and histological exami-
nation of gonadal tissues (presence of mature
gonad structure and vitellogenic ova or sperm).
All females were determined to be mature by
both methods at about 60 cm FL. On the other
hand, all males were determined to be mature at
60 cm FL by histological examination; however,
they did not develop a large testicular mass until
2-3years later at about 80 cm FL (Figure 6). These
analyses may indicate that males were physi-
ologically mature and capable of spawning (pro-
ducing sperm) 20 cm smaller and 2-3 years
before they became behaviorally dominant

spawning males with a large testicular mass
(Grimes et al. 1988).

The timing of the expression of sexual di-
morphism in relation to gonad development is
additional evidence suggesting a behaviorally
mediated breeding system. Adipose flap height
increased with size in both sexually mature and
immature (determined by visual staging) male
tilefish, but adipose flaps were larger for all ma-
ture males at least 60 cm FL. Furthermore, flaps
became markedly larger for mature males greater
than 75 cm FL, and these large males all had large
well-developed testes (Figure 7). Grimes et al.
(1988) interpretation of these results was that
adipose flap size may be a signal of male repro-
ductive status. Large spawning males have large
flaps while smaller, perhaps subordinate, males
may be physiologically mature (as determined
histologically), but do not have enlarged testes
or large adipose flaps.

We hypothesize that fishing was selective for
large dominant males. During the period of time
when the long-line fishery in the Mid-Atlantic
Bight was rapidly expanding, catch rate (abun-
dance) diminished by 70% (Turner 1986), and the
size of recruitment to the fishery declined from
about 90 cm FL in 1974 to 45-50 cm FL in 1982
(Figure 8). The size of recruitment to long-line
fisheries is usually determined by hook size (i.e.,
larger fish take larger hooks). That was apparently
not the case for the tilefish fishery at this time,
because there were no changes in hook size on
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FIGURE 6.—The relationship of sexual maturity

(assessed by visual staging and histological methods)

and size for female and male tilefish, sample size is given for each data point. Redrawn from Grimes et al.

(1988).

longlines used in the fishery during this period.
We suggest that the size of recruitment declined
because as large dominant fish were removed
from the stock by fishing, the smaller and less
behaviorally dominant fish gained access to
baits.

A second line of evidence supporting the
contention that long-line fishing was selective for
large dominant males comes from sex-specific
instantaneous fishing mortality rates estimated
by virtual population analysis (Turner 1986).
Fishing mortality increased from 1974 to 1982
when the long-line fishery rapidly expanded as
previously described, but the rate was usually
higher for males (Figure 9). Although direct evi-
dence of sex-selective fishing is meager, it has
been reported for hermaphroditic species, but
not gonochores. Male gag Mycteroperca micro-

lepis, (Gilmore, Harbor Branch Oceanographic
Institution, personal communication) and
scamp M. phenax, (Gilmore and Jones 1992) were
reported to be selectively caught from spawning
aggregations observed from a submersible.
Gilmore and Jones (1992) postulated that fishing
selection was based on male behavior and that
it would result in differential fishing mortality for
males. However, gag and scamp are protogynous
hermaphrodites that breed in aggregations and
are suspected to have haremic breeding systems
(Gilmore and Jones 1992; Coleman et al. 1996).
Thus, these species may be more likely to develop
strong behavioral dominance in males, making
them more susceptible to selective fishing than
the gonochoristic tilefish.

We hypothesize that selective removal of
large dominant spawning males may disrupt the




SEDAR 22-RD-17

24 GRIMES AND TURNER
£ o )
80+ @ Immature n=238 3
e o
= O Mature n=92 _
& B0+ &,
5 ;
b 2] =
. 0 20%0
[ @ s
g 20 - ’ i
£ il .g ! i
< TTT ‘éﬂ T ¥ BID [ — ﬁb | —

Length {cm)

FIGURE 7.—The relation between mean predorsal adipose flap size and fork length in sexually mature
and immature tilefish. Maturity was assessed by visual staging. Sample size is given for each data point.
Redrawn from Grimes et al. (1988).
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FIGURE 9.—Instantaneous fishing mortality rates (from virtual population analysis) for male and female
tilefish during years of rapid development of the long-line fishery. Plotted from Turner (1986).

mating system because the remaining smaller
subordinate males with small testes could not
fertilize all the eggs produced by females. This
sperm limitation could result in reduced repro-
ductive success. Alternatively, reduction in the
number of dominant males could result in the
potential for lower reproductive success by re-
ducing spawning opportunities for ripe females.
Observation of natural spawnings, field experi-
ments, and theoretical models all suggest that
sperm limitation is a regular occurrence in sev-
eral marine taxa including fish (Levitan and
Petersen 1995). Furthermore, Coleman et al.
(1996) suggested that in gag a dramatic reduc-
tion in the proportion of males from fishing may
have resulted in some females not spawning, or
alternatively in sperm limitation if males at-
tempted to apportion spawning among all avail-
able females. Either scenario would result in
lowered reproductive success.

Conclusion

A brief review of the history of the commer-
cial long-line fisheries for tilefish suggests that
the stock is especially vulnerable to exploitation,
showing several 20- to 25-year cycles of rapidly
increasing landings, then overfishing followed by
precipitously declining catches. The extreme sus-

ceptibility of tilefish to overfishing is most likely
due to their complex life history. Long life and
slow growth result in relatively low stock produc-
tivity, and thus are contributing factors. More
importantly, the extreme habitat specificity of
tilefish, that is, restriction to sites defined by
narrow temperature limits and burrowable sub-
stratum, allow fishermen to easily locate concen-
trations of fish and very efficiently impose fishing
effort (i.e., catchability of tilefish is high). An ad-
ditional factor causing susceptibility to overfish-
ing is that fishing may disrupt the breeding
system by selectively removing large behavior-
ally dominant spawning males, resulting in
sperm limitation or reduced spawning opportu-
nities for females, either or both reducing repro-
ductive success.
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