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INTRODUCTION

Crevalle jacks, Caranx hippos (Linnaeus), are considered a ’southern’ species in the

western Atlantic and are distributed worldwide, but principally at subtropical and tropical
latitudes (Briggs 1960; Grosslein and Azarovitz 1982). Caranx hippos is important to
recreational fisheries in the southeastern U.S. and the Gulf of Mexico, but it is only

incidentally caught north of Cape Hatteras (Alperin 1967; Palko 1984; U.S. Dept. of

' Commerce 1986). Young-of-the-year C. hippos occur at small sizes (21-50 mm standard

length) in subtropical estuaries of the western Atlantic, and appear to use these habitats as
nurseries (Berry 1959).

Young-of-the-year Caranx hippos are, however, also reported for many temperate
estuaries, north of Cape Hatteras (Moore, 1894; Nichols 1921; Nichols and Breder 1926;
Hildebrand and Schroeder 1928; Vladykov 1935; de Sylva et al. 1962; Schaefer 1967;
Marcellus 1972; Gordon 1974; Vouglitois 1983; Tatham et al. 1984; Scott and Scott 1988;
Fletcher 1990), but the ecological consequences of their presence there has not been
evaluated. In the western Atlantic, C. hippos larvae are known only from the Straits of
Florida, therefore the individuals found at temperate latitudes are presumed to be dispersed
from subtropical spawning grounds. Comparative data for both southern and northern
estuaries are scarce, but such dafa do not indicate notably higher abundances of YOY C.
hippos at subtropical versus temperate latitudes. This suggests that northerly transport of
individuals constitutes a significant portion of the population. Thus, the fate of those
individuals arriving to the Hudson River and other northern estuaries (i.e., whether these fish
become expatriates or not) may be relevant to the population regulation of this species.

Despite this historic occurrence across a broad geographic area and the potential
significance for its population regulation, there is little known about Caranx hippos’ early life
history at any latitude. Herein, I report on the variability of abundance, length-frequencies,
and growth rates of C. hippos for the Hudson River estuary (Fig. 1). The data are

synthesized to consider the potential importance of the Hudson River as nursery habitat for

C. hippos and the implications for their population regulation.
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e _./: , As general background, both the literature and museum sources were reviewed for
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Kingston (86-93) i was compared to collections from the New York Bight. These temperate latitude collections
Hyde Park T % ?7?7-_31)3 """" ll were accessed from the New York State Museum, the American Museum of Natural History,
e, , cT and the Academy of Natural Sciences at Philadelphia.
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o R A Poughkeepsie ' Field sampling of the entire Hudson River
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West Point et .Zi:,ggs) ....... Newburgh : Consolidated E<.hson (ConEd) of the entire Hudson River (data source: John Young and Gene
Indian Point e (%393%) ___________ i Sentell, Consolidated Edison Com?my of New. York, Inc., 4 Irving Place, New York, New
Croton-Haverstraw |55, 63( 34-38) ...... L AJAIP ‘\‘ York 10003). Only data for the eight year period, 1986-1993, were analyzed for this study.
RS S BaA e Fish were collected during daylight over a one week period, every other week between mid-
Tappan Zee 39-55 (24.33.)\ "\..\ . June and mid-November. During each week a 30.5 X 2.4 m beach seine was set in a simple
SO, NJ, \ arc from a boat at approximately 100 stations. Station locations were selected in a stratified,
T:gir::ae Yonkers [19-39 (12.23) - random manner using 12 strata in a series from Manhattan to Albany, New York (from river
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g:g::s'::mw Sama typically 5-20 hauls were completed in each stratum at each biweekly interval. Further
:‘l:‘::f;;" Point ama;(a:; ! details of sampling design, procedures, and history can be found in annual 'year class
R=Roseton ﬁ £ reports’ prepared for Consolidated Edison (e.g., EA Engineering, Science, and Technology
1990).
lFigure 1 - Area map of the Hudson River, Haverstraw Bay, Jamaica Bay. and ot Mean ab-undance, Py month or stratum, was calculated from transfiormed values of
andmarks mentioned in the text. The strata used for sampling the | Y other number of fish in each seine haul (log,, [n+1]) and expressed as geometric means
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Sampling in Haverstraw and Jamaica Bays

Further analyses of the ecology of Caranx hippos in the Hudson River was explored
using data from an independent seining survey by the New York State Department of
Conservation (NYSDEC) (data source: Kim McKown and Byron Young, NYSDEC, Division
of Marine Resources, Building 40, SUNY, Stony Brook NY 11790-2356). The data
analyzed were for the same eight-year period (1986-1993) as the ConEd program. The
NYSDEC survey focused on two subregions of the estuary (Fig. 1): Haverstraw Bay (river
kilometer 39 - 63) and Jamaica Bay (a satellite embayment at the mouth of the river).
Haverstraw Bay is of particular interest because it corresponded to the ConEd strata numbers
2 & 3, while Jamaica Bay was well outside the range of ConEd sampling strata but was close
to the mouth of the Hudson River (Fig. 1).

Seining in Haverstraw Bay occurred biweekly from July to November. Typically, 25
stations were sampled during daylight over a two-day period, each station with a single haul
using 2 60 X 3 m beach seine set in an arc from a boat. This seine was used similarly in
Jamaica Bay from May to November, but sample frequency was generally monthly and 4-5
stations per bay were sampled each time. The abiotic parameters of temperature, salinity,
and dissolved oxygen were measured at time of each collection from bottom water samples
with a hand-held thermometer, refractometer, and by Winkler titration, respectively. Annual
abundance of C. hippos was calculated as geometric means using only data from July-
October for each bay. Further details about sampling can be found in McKown and Young
(1992).

Data for size-structure and estimations of growth rates were available from the
NYSDEC survey. At the time of collection, fish were measured to the nearest mm fork
length (FL) (or converted from total length [TL] measurements using the linear equation
FL=2.58 + 0.842 [TL]) before being released alive. Growth rate was estimated using least
square regression of FL (y) on day of the year (x) using a variety of linear models:

(I)y = a + bx,

(2) y = a + bx + b(x*x),

(3) In(y) = In(a) + x*In(b),

(4) In(y) = In(a) + b*In(x).
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Table 4 (cont.)
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1993
magnitude.
Haverstraw Bay (based on the

Sampling in Haverstraw _and Jamaica Bays
Caranx hippos was found in both Haverstraw and Jamaica Bays in all years (1986-
an order of

e 6). Annual abundances varied by

) of the NYSDEC survey (Tabl
en Jamaica Bay and

Annual abundance was not signi
NYSDEC survey, r=0.63; p

Haverstraw Bay data only;
d as late as November (i.e.,

June,

ficantly correlated betwe
=0.091) or between the ConEd

and the NYSDEC survey (based on r=0.61; p=0.109).
ally as early as July an the

ere never collected in May,
Most hauls

Caranx hippos occurred season
ths) in Haverstraw Bay, but they W
ed from May to November.

Bay and 23°C in Jamaica
). Fish

range of sampling mon
aica Bay where sampling OCCUIT
5°C in Haverstraw

hwater regions of the river (Fig. 4b

or November in Jam

collecting fish were from waters warmer than 2

Bay (Fig. 4a). Caranx hippos invaded nearly fres
ted at various DO concentrations, from 7.0 - 13.6 ppm (Fig. 4c).

were collec
y NYSDEC (61 m seine) for Haverstraw Bay (Left)

TABLE 6 - Catch statistics for survey b
ber of hauls (F), number of hauls collecting

for total num
etric mean based on

and Jamaica Bay (Right). Data ar€
collected (C), and geom

Caranx hippos (f), total number of C. hippos

collections from J ul-Oct only.

Haverstraw Bay Jamaica Bay

Year F_ _f C_ _GM_ F_ _f C_ _GM_
1986 22 6 21 0.02870 33 2 10 0.1894
1987 225 7 9 0.02871 56 4 14 0.1712
1988 220 21 45 0.11410 42 4 54 0.9419
1989 225 17 64 0.09923 49 2 2 0.0757
1990 217 16 39 0.09131 48 7 11 0.3741
1991 215 9 20 0.05509 58 4 6 0.1269
1992 221 35 5 0.01396 44 2 3 0.0848

- 1993 225 11 20 0.05577 43 3 11 0.2480
Total 1770 92 223 378 28 111
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e New York State Department of Environmental Conservation. Data is pooled for all
years, 1986-1993. Number of occurrences for which each parameter was measured = n
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Fork length ranged from 29 to 176 mm, in all years and for both bays, suggesting
that only YOY fish were present. Changes in size were similar between Haverstraw Bay and
Jamaica Bay (Fig. 5), particularly in the following aspects: length-frequency was fairly
unimodal in July (mean FL = 48 vs. 40 mm in each respective bay); mean length increased
only slightly in August (64 vs. 47 mm FL) while the variance increased more rapidly; the
most rapid increases were not clearly evident until September (mean FL = 120 vs 119 mm).

Growth was modeled using least squares regression of FL on day of the year. The
linear form of the exponential growth model (i.e., In[Y] = In[a] + X*In[b]) provided the
pest fit to the data, based on cbnsistently significant correlation coefficients and plots of
residuals that appeared unbiased against the predicted values. Instantaneous (OF specific)
growth rates in Haverstraw Bay were fairly consistent between years (0.5 - 2.2 % FL d
Table 7; Fig. 6). Size structure and growth rates appeared similar in Jamaica Bay, but

reduced sampling effort there precluded detailed comparisons.

TABLE 7 - Specific growth rates (G) of Caranx hippos representing the rate of growth (%
fork length per day) in Haverstraw Bay and Jamaica Bay, based on survey by NYSDEC (61
m seine). Coefficient of determination is also provided as these growth rates were modeled
using least squares methods of the linear model InFL=1n(a)+x*In(b). Significance of the
coefficient of determination is indicated as *p <0.05, #*p < (.01, and *p <(0.001. Number of
fish measured (n) is also indicated. Missing data indicates that C. hippos was not collected

on more than two separate dates.

Haverstraw Bay Jamaica Bay
Year G_ . G_ r.
1986 0.49 0.497 20 1.0 0.80" 10
1987 20 046" 9 3.6 0.73715
1988 1.8 0.847 45 0.8 0.16° 54
1989 1.0 0.24™ 62 - -- --
1990 1.4 051739 1.9 0.78" 11
1991 23 0.967 19 -~ -- --
1992 1.6 0.82° 5 -- -- --
1993 1.4 0.86™ 20 - -- -- --
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measured = n.
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DISCUSSION

Distribution and Abundance

Historically, young-of-the-year (YOY) Caranx hippos occur seasonally and are
broadly distributed throughout the New York Bight. They were widely distributed
throughout the lower Hudson River estuary during this study. These findings are more
consistent with the conclusions of Smith (1985) who referred to C. hippos as a "common
summer resident”, than with Greeley’s (1937) reference to C. hippos as "rare” or Nichols’
(1918) vague categorization for C. hippos as "tolerably common". The absence of C. hippos
in some previous surveys (Table 1) is quite likely the result of low sampling frequency
(usually monthly) by many studies, since even in this investigation the vast majority of seine
hauls collected no C. hippos. There was a positive relationship between independent
measures of annual abundance (i.e., in Haverstraw Bay as measured by ConEd and
NYSDEC surveys and between Haverstraw and Jamaica Bays for the NYSDEC survey), but
the lack of a significant correlation was unexpected. This may be related to a low sample
size (n=8 years). Small sample sizes are less likely to detect a relationship even if one
exists (i.e., Type II error).

Despite their broad distribution in the lower'estuary, Caranx hippos exhibited some
level of habitat selection. Their distribution was strongly associated with temperature, which
may have important consequences for the ecology of this species. This may, for example,
explain the concentration of fish in and near the Haverstraw Bay region versus other parts of
the river. Haverstraw Bay is the warmest part of the river because of its broad, shallow
areas that maintain slow water movements and large surface:volume ratios for transmission
of solar radiation (EA Engineering 1990). Temperatures in the Hudson River ar. generally
rising from June to August and falling from August to November (EA Engineering 1990).
Three power plants are also located in strata 3 & 4 (Fig. 1), each of which may elevate
further the temperatures of local areas. Winter temperatures become low enough to be lethal
to this species and no specimen has been collected in the Hudson River after November or
before July in any year. Daily water temperature maxima do not exceed 10°C for the four-
month period, December-March (as observed during 1951-1987 at the Poughkeepsie Water

Works near river kilometer 110; EA Engineering 1990). Hypothermal mortality of C.
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The influence of warm temperatures has bee

X oS
hippos was suggested by Hoff (1971), when he documented a fish kill of over 200 C. hippo
hippos hippos

i i - - . Cc
in an upstream portion of a Massachusetts river during October at temperatures of 7.4-9.0°
mn

n noted at southern latitudes as well. Tagatz and

o t,
pudley (1961) collected C. hippos at temperatures between 74-32°C, near Cape Lookou .
North Carolina and Gilmore et al. (1978) noted cold-induced mortality of C. hippos during

January, 1977, when temperatures dropped to 6°C in Florida. It is necessary, then, that

YOY C. hippos migrate out of the Hudson River, and well south, if they are to survive the

winter. | |
Caranx hippos was distributed up to freshwater portions of the Hudson River estuary

and several others have collected C. hippos from a wide range of salinities. Caranx hippos
was collected in 2-3°,, in Delaware Bay (de Sylva et al. 1962), 8-36°/,, near Cape Loc;l;c;x;t
(Tagatz and Dudley 1961), and generally above 30°/,, near North Inlet (Ogbum. et al..1 t).r
Smith (1985) also reported C. hippos in the Hudson River as far upstream as rver kilomete

110 in October and early November, $O it would appear that salinity only affects the

e . arics
distribution of C. hippos at the freshwater edge. Bottom salinity in the Hudson River v

with respect to season (low in spring and autumn due to freshwater discharges; EA

Engineering 1990). During July-October freshwater (<0.3 ppt) is generally found only

north of river kilometer 90-100 (EA Engineering 1990).

Caranx hippos was collected in a broad range of dissolved oxygen concentrations and,

1 ] an in
although oxygen concentrations measured in Jamaica Bay were generally lower th

i i in the
Haverstraw Bay, none were particularly stressful (i.e., < 2 ppm). Dissolved oxygen 1n
H . t
Hudson River decreases from July to August and increases from August to October, bu
. o - likel
there is no regular trend with respect to river kilometer (EA Engineenng 1990). It is likely

: b on of
that only extremely low concentrations of dissolved oxygen would affect the distribution

C. hippos, but these were not observed in this study. |
Dovel (1981) considered Haverstraw Bay as a ’critical zone’ that acts as a pr.'lmary d

nursery area in the Hudson River. Thus, aside from the abiotic variables already. dlscus'se ,

there is also a good forage base (i.e., Anchoa; Dovel 1981) which may attract this species.

Thus. YOY Caranx hippos are tolerant to a wide range habitats within the Hudson River,

and its particularly high abundance in the Haverstraw region is consistent with the

distribution of many regional, gstuarine specles.
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Size and Growth

The most rapid changes in size occurred in August-September, which suggested non-
linear growth, possibly as a result of the high temperatures during this period. Growth rates
were high relative to other YOY estuarine fish species in the New York Bight (Rountree and
Able 1992). This indicates that Caranx hippos uses northern estuaries, such as the Hudson
River, profitably for growth.

In general, treating fish from each year as a single *cohort’ appeared justifiable for
the purpose of modeling growth rates. The prolonged appearance of small fish (30-50 mm
FL) during August and occasionally in September suggests, however, that a series of young
fish may be new arrivals to the Hudson River estuary.

CONCLUSIONS

Caranx hippos is seasonally common and grows fast in the Hudson River estuary.
Latitudinal comparisons of C. hippos abundance is hindered by a lack of data and potential
changes in catchability in smaller versus larger seines. For example, C. hippos is a fast-
swimming, shoaling species (Kwei 1978) and likely to be capable of outswimming smaller
seines. Nonetheless, I have attempted to evaluate geographic variation in abundance of YOY
C. hippos based on the sparse data available. Keeping in mind that YOY C hippos are
rarely captured in smaller seines and trawls after a few weeks of arriving into estuaries
(Ogburn et al. 1988), then the seines used in the Hudson River (30.5 and 61 m) were well
suited for collecting C. hippos because they captured fish for a 4-5 month period. Since I
am unaware of any studies south of Cape May, New Jersey (Table 1), using a seine net
larger than 21 m, my interpretations may be biased, but I conclude that YOY C. hippos
density is as high or higher in temperate estuaries than in subtropical estuaries, aithough for

a shorter period of time (Jul-Nov versus Apr-Nov).
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no com . -
vOY C. hippos grow at similar rates in bo
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s could not be contrasted between latitudes, sinc
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i rthern estuaries
diverse assemblage of subtropically-spawned fishes occurs 1n no
iver
. uch as C. -
chaefer 1965; Milstein 1976). It has long bee
hey

- . . l
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floral species at Cape Hatteras and Cape Cod

i t
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e rther consideration that these fish may be cap

ambient temperatures,
interi s.
of migrating t0 southerly overwintering area

the disjunct distribution of many faunal and
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able
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oit habitats on both sides of Cape Hatteras

. expl
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79: McBride and
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o o ’ McBride et al. (1993) discuss the evidence tha

and subtropical latitudes. Regardless of
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Conover 1991; Hare and Cowen 1993).
YOY P. saltatrix use habitats at both temperate
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ortion of offspring are annually exported aw

. L .
rvive the overwintering period, if such a larg
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RECOMMENDATIONS

Dispersal of Caranx

hipp .
population regulation, for the 0s to northern estuaries may be important for their
- ’ reason discussed abov. i
information about th _ e, and is worth further resear
e . ch. M
ranges is likel carly life history of coastal marine species across wide 1 "
ikelv to ¢ ) wide latitudi
viows of s hy hallenge the static paradigm of faunal breaks and lead inal
of life history circui to more i
perspecti ry circuits for northwestern Atlantic fishes. Beyond thi dynamic
ve, there ar ot . is ecological
¢ applications for such research as well Examples' h -

investment for both |
ocal fishes, as well as for fish that move along routes b d
eyond local (and

certainly political) boundari i
undaries. The findings of this research project suggests that C
at Caranx

hippos is also such
an example for fish ecologists and fishery managers to k
rs to keep in mind.
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