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Abstract.—The spring spawning migration is a key period for effective management of anad-
romous populations of striped bass Morone saxatilis. Information on migratory behavior is needed
in order to develop appropriate harvest regulations and to conduct effective surveys while fish are
on the spawning grounds. We used ultrasonic telemetry to estimate the timing and duration of the
upriver spawning migration for the Roanoke River, North Carolina, population and to evaluate
whether a short-term fluctuation in temperature or flow would alter the distribution of telemetered
fish on the spawning grounds. Seventy-eight fish implanted with transmitters were released during
1993 and 1994. Twenty-nine telemetered fish migrated upriver in 1994, and 14 telemetered fish
entered the river in 1995. Migration of telemetered fish began in mid- to late April when water
temperatures in the lower river reached 17–188C. Males began their spawning migration signifi-
cantly earlier than females in 1994; the difference was not significant in 1995. The 165-km upriver
migration took about a week, as did the downriver migration after the spawning season. In 1994
and 1995 respectively, males remained on the spawning grounds for averages of 22 and 21 d,
females for 8 and 11 d. Because of shorter residency times only about half the telemetered females
were on the spawning grounds at any one time during the peak of the spawning season. Striped
bass remained on the spawning grounds during a short-term temperature decrease of about 48C
(over 5 d) and an increase in flow from about 190 to 390 m3/s (over 1 d).

Anadromous populations of striped bass Morone
saxatilis are found within several North Carolina
river systems. The largest population is in the Ro-
anoke River and its estuary, Albemarle Sound
(Smith 1907; Trent and Hassler 1968; Manooch
and Rulifson 1989). Striped bass of the Roanoke
River population spend much of the year within
Albemarle Sound and adjoining waters, migrating
up the Roanoke River in spring to spawn near Wel-
don, North Carolina (Figure 1) (Smith 1907; Trent
and Hassler 1968; Haeseker et al. 1996). This pop-
ulation historically supported important commer-
cial and recreational fisheries within Albemarle
Sound and the Roanoke River, but both commer-
cial and recreational landings declined substan-
tially from the mid-1970s through the late 1980s
(USFWS 1992). The decline in landings corre-
sponded to a decline in population size (USFWS
1992), which has been attributed to overfishing and
reduced recruitment associated with changes in
Roanoke River flow during the spawning season

* Corresponding author: jhightower@ncsu.edu
1 Present address: North Carolina Department of En-

vironment and Natural Resources, Division of Marine
Fisheries, Morehead City, North Carolina 28557, USA.

2 Present address: Department of Fisheries and Wild-
life, 13 Natural Resources Building, Michigan State Uni-
versity, East Lansing, Michigan 48824-1222, USA.

(Rulifson and Manooch 1990a; Dorazio 1995).
Management efforts to rebuild the stock have fo-
cused on limiting harvest and increasing recruit-
ment.

Previous studies have provided much informa-
tion about the general patterns of migration and
spawning of Roanoke River striped bass. The up-
river migration generally begins in late March and
ends in early May (Trent and Hassler 1968). Fe-
males tend to migrate about 2 weeks later than the
males (Hassler et al. 1981). Based on egg produc-
tion studies, spawning occurs from about mid-
April to mid-June, typically peaking in mid-May
(Hassler et al. 1981; Rulifson 1992). Spawning
generally begins when water temperatures on the
spawning grounds reach about 188C (Rulifson
1991).

This information about population-level pat-
terns of migration was obtained by monitoring var-
ious commercial and recreational fisheries and by
conducting conventional tagging studies and sur-
veys. An objective of our study was to obtain de-
tailed information about the movements of indi-
vidual fish during the spawning season. We used
telemetry methods to estimate the timing and rate
of the upstream and downstream migrations, the
amount of time individual male and female fish
spent on the spawning grounds, and the move-
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FIGURE 1.—The Roanoke River–Albemarle Sound system in North Carolina, showing temperature monitors
during spring 1994. Distances from the sound are given as river kilometers (rkm).

ments those fish made on the spawning grounds.
Differences between sexes in migratory patterns
and time spent on the spawning grounds produce
differences in vulnerability to harvest and to sur-
veys, such as the electrofishing survey conducted
annually on the spawning grounds (Kornegay and
Nelson 1995; Kornegay 1997). Using telemetry
methods to evaluate migration removes any bias
due to differences in vulnerability to conventional
sampling.

Our second objective was to examine the re-
sponse of Roanoke River striped bass to changes
in river flow and temperature. Earlier work had
established that recruitment is affected by the pat-
tern of flow in the lower Roanoke River during
spring (Hassler et al. 1981; Rulifson and Manooch
1990a). Flow affects the timing and location of
spawning, suspension of the semibuoyant eggs un-
til hatching occurs, and transport of larvae to crit-
ical nursery areas (Hassler et al. 1981; Manooch
and Rulifson 1989; Henry and Taylor 1991; Ru-
lifson 1991, 1992; Rulifson et al. 1992). Changes
in flow can affect spawning activity by causing
temperatures on the spawning grounds to drop be-
low 188C (Hassler et al. 1981; Manooch and Ru-
lifson 1989; Rulifson 1991). For example, a sharp
decrease in spawning activity attributed to in-
creased flow was observed in early May of 1989,
when flow increased from about 170 to 566 m3/s
and downstream water temperatures decreased
from about 18 to 168C (Rulifson and Manooch
1990b). This decrease in downstream temperature
resulted in about a 2-week period with no spawn-

ing activity (Rulifson and Manooch 1990b). In ad-
dition, Manooch and Rulifson (1989) and Kor-
negay (1997) have suggested that sudden flow or
temperature changes might cause spawning fish to
leave the spawning grounds. To examine the issue
of sudden change, we worked with the U.S. Army
Corps of Engineers in 1994 to introduce a short-
term change in flow during the period when tele-
metered striped bass were present on the spawning
grounds.

Study Site

The lower Roanoke River flows freely for 221
km between the Roanoke Rapids Lake dam and
the mouth at the western end of Albemarle Sound
(Figure 1). Average annual discharge is about 240
m3/s (Giese et al. 1985). The river drops about 15
m in 11 km at the fall line between the Roanoke
Rapids Lake dam and Weldon. Through this area,
the river bottom is mostly rock, and flow is chan-
neled around many islands and boulders. After
passing the last falls at Weldon, the river flows
through the Coastal Plain with a single main stem
about 100 m wide; the average drop is about 0.1
m/km.

Flow in the lower Roanoke River is controlled
by the John H. Kerr, Gaston, and Roanoke Rapids
Lake dams, which were built between 1950 and
1963 to provide hydropower and flood control.
Kerr Reservoir has the largest storage capacity of
the three impoundments and influences operations
of Lake Gaston and Roanoke Rapids Lake. Dis-
charge from the system of dams, which accounts
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for about 87% of the downstream flow (Giese et
al. 1985), influences water depth and current ve-
locity in the lower river. Maximum river depth
typically ranges from 3 to 6 m, but it can exceed
12 m in upriver areas during high spring flows or
other periods of prolonged high discharge. Current
velocity is typically around 0.5 m/s, but it can
surpass 1.0 m/s during high flow.

Prior to the construction of dams, the spawning
migration of Roanoke River striped bass report-
edly extended above the fall line at Weldon to
Clarksville and Danville, Virginia (Jenkins and
Burkhead 1994; Earley and Dossett 1996). How-
ever, the importance of habitats above the fall line
is unclear, both because downstream fisheries long
were intensive (Stevenson 1897) and because a
main-stem dam for hydropower production was
constructed around 1900 near the site of the current
Roanoke Rapids dam (Coe 1964). Since 1900, the
area between Weldon and Halifax has generally
been considered the primary spawning grounds
(Smith 1907; Hassler et al. 1981; Rulifson 1992).
During years of prolonged low flow, spawning can
occur further downriver near the towns of Halifax
and Hamilton (Manooch and Rulifson 1989).
Striped bass often migrate above the lowermost
falls at Weldon during periods of high flow, but
they tend to move downriver below the first set of
falls as flow decreases (Smith 1907; Kornegay and
Nelson 1995).

To the extent possible, flow regulation during
the striped bass spawning season is based on a
regime negotiated in 1988 between the U.S. Army
Corps of Engineers, North Carolina Power, and the
North Carolina Wildlife Resources Commission.
The regime consists of daily minimum and max-
imum flows and a maximum rate of change for
April 1 through June 15. For example, target flows
during May are about 170 m3/s, with an hourly
variation of no more than 42 m3/s. The intent of
the regime is to provide moderate sustained flows
during the spawning season. Strong year-classes
have tended to occur during years of low to mod-
erate river flows during May (Hassler et al. 1981;
Rulifson and Manooch 1990a).

Methods

We used ultrasonic telemetry techniques to
study the migration and spawning ground move-
ments of Roanoke River striped bass. Transmitters
were surgically implanted according to procedures
used in previous telemetry studies (Hart and Sum-
merfelt 1975; Hocutt et al. 1990) and based on
results from a 1993 pilot study in which we re-

leased 37 fish (Carmichael 1995; Haeseker et al.
1996). The transmitters (VEMCO Ltd., Nova Sco-
tia) operated on five frequencies (50.00, 54.00,
60.00, 63.66, and 65.54 kHz); unique pulse periods
within each frequency allowed identification of in-
dividual fish. The cylindrical transmitters were 90
mm long and 16 mm in diameter, weighed 33.7 g,
and had a volume of 19 mL. For each fish released,
we measured total length (mm) and weight (g),
and we collected scales for age determination. A
complete description of the surgical techniques
used to implant the transmitters was provided by
Haeseker et al. (1996).

Striped bass collected in the Roanoke River dur-
ing a 1993 pilot study exhibited strong downriver
flight responses following release (Carmichael
1995). Similar behavior has been reported in other
telemetry studies involving striped bass, American
shad Alosa sapidissima, shortnose sturgeon Aci-
penser brevirostrum, and chinook salmon Onco-
rhynchus tshwaytscha (Gray and Haynes 1979;
Hall et al. 1991; Moser and Ross 1995). Hassler
et al. (1981) also observed downriver flight re-
sponses by striped bass after conventional tagging,
so the effect is not due strictly to surgery. There-
fore, to minimze the effect of capture and handling
on movements during the spawning season, we
collected the fish for the 1994 spawning season in
Albemarle and Croatan sounds between December
1993 and March 1994. To insure that only mature
fish were tagged, we set a minimum tagging size
of 550 mm for females (age 4) and 500 mm for
males (age 3) (Merriman 1941; Hassler et al. 1981;
Nelson 1991; Olsen and Rulifson 1992).

Sonically tagged fish were located during April–
June 1994 by means of six fixed receiving stations
and manual tracking by boat (Figure 1). In 1995,
limited monitoring was done at the Jamesville and
Halifax stations to detect those fish that still
had working transmitters. The receiving stations
provided information about the timing and rate of
migration throughout the river; manual searches
were done primarily on the spawning grounds. The
lowermost fixed receiving station at river kilo-
meter (rkm) 29 above Albemarle Sound was up-
river of several known migration routes that by-
pass the main river channel; the uppermost station
was on the spawning grounds at Weldon (rkm 209),
just below the fall line. We used VEMCO VR-20
and Sonotronics (Sonotronics Inc., Tucson, Ari-
zona) USR-90 scanning receivers for data logging,
and a Sonotronics USR-5B digital receiver with a
directional hydrophone for manual tracking. Dur-
ing 1994, tagged fish were located at least once
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each day and during several nights once they
reached the spawning grounds. During most of the
spawning season, searches were confined to the
area below the last falls at Weldon because the
water level did not allow safe navigation of upriver
areas.

Upon locating a fish, we recorded the transmitter
frequency and pulse interval, time, date, location,
water depth, and water temperature 1 m below the
surface. Water temperature associated with fish
passing a receiving station was estimated from the
nearest temperature monitor (see below). Migra-
tory patterns were assumed to be related to spawn-
ing, even though spawning could not be confirmed
for individual telemetered fish. While on the spaw-
ing grounds, telemetered fish frequently were lo-
cated close to spawning fish.

In migration studies, it is important to define
criteria for the endpoints of migratory movements
(White and Garrott 1990). We used the first de-
tection of a fish at the lowermost station to indicate
the start of upriver migration. When a fish passed
the Halifax station, we considered it to be on the
spawning grounds. The beginning of downriver
migration was indicated by a fish passing the Hal-
ifax station without a subsequent return to the Wel-
don area. The end of downriver migration was de-
termined by detection at the lowermost station.

We used Satterthwaite’s t-test (Koopmans 1981)
to test for differences in the timing and rate of
migration between sexes or years when variances
differed significantly; otherwise, a standard t-test
was used. We used linear regression to determine
if the time on the spawning grounds was related
to the date of arrival. All analyses were based on
a 5% significance level.

We measured hourly water temperatures at Wel-
don, Hamilton, and Jamesville using submersible
loggers (HOBO TEMP, Onset Inc., Pokaset, Mas-
sachusetts). North Carolina Power provided hourly
water temperature data for the tailrace of the Ro-
anoke Rapids dam. Mean daily air temperature at
Roanoke Rapids was obtained from the North Car-
olina State Climatologist Office. We obtained flow
data for the U.S. Geological Survey (USGS) gag-
ing station at Roanoke Rapids (USGS gage
02080500), 4.5 km below the dam. To evaluate the
effect of a change in flow on water temperature
and the distribution of striped bass, we worked
cooperatively with the U.S. Army Corps of En-
gineers to produce a rapid change in flow while
several telemetered fish (seven males and three
females) were on the spawning grounds. Flow was

increased rapidly on May 4 from 190 to 390 m3/
s and held at that level for 24 h.

To estimate spawning activity, we counted
striped bass spawning acts or ‘‘fights’’ at the
water’s surface during May 2–30, 1994. Ross et
al. (1994) used a similar technique to estimate
spawning activity of American shad. The count
was taken from shore at Weldon, and the value
was the number of fights observed in a 5-min pe-
riod near dusk (about 1900 hours).

Results

Twenty-seven telemetered striped bass entered
the Roanoke River from Albemarle Sound during
the 1994 spawning migration. This number in-
cluded 25 of 41 fish released prior to the 1994
spawning season and 2 released during the 1993
pilot study. Fourteen females and nine males
reached the spawning grounds, three fish migrated
partially upriver before returning to Albemarle
Sound, and one disappeared between the Norfleet
and Scotland Neck stations (presumably it was har-
vested). Individual fish were located 10–50 times
while in the river.

Fourteen telemetered fish entered the Roanoke
River during the 1995 spawning season. Six fe-
males and five males reached the spawning
grounds, two were not located after migrating up-
river past Jamesville (presumably they were har-
vested or their tag batteries failed), and one was
harvested by an angler who reported the tag.
Twelve of the 14 fish also had completed the 1994
spawning migration, one had made a partial mi-
gration in 1994, and one had not been located dur-
ing either spring or summer 1994.

Telemetered male and female striped bass typ-
ically began upriver migration in mid- to late
April, although there was considerable variation
among individuals (Table 1; Figure 2). Males be-
gan migration significantly earlier than females
during 1994; no difference was detected in 1995,
although sample sizes were small. Telemetered fe-
males migrated significantly earlier in 1995 than
in 1994. In both years, males and females com-
pleted the 165-km upriver migration from James-
ville to Halifax in about a week. For 1994, mean
water temperatures were 17.38C (range, 15.2–
19.88C) when males passed the lowermost moni-
toring station and 17.68C (range, 15.0–20.38C)
when females did so at the start of migration. Mean
water temperatures at Halifax were 17.18C (range,
15.5–19.68C) and 18.88C (range, 16.1–22.38C), re-
spectively, when male and female striped bass
reached the spawning grounds.
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TABLE 1.—Means 6 1 SEs (in days) and sample sizes (number of fish, in parentheses) for the migration dates and
duration shown by telemetered male and female striped bass in the Roanoke River in 1994 and 1995. Probabilities (P)
indicate the statistical differences between years (94 and 95) or sexes (males, M, and females, F).

Migration datum

Males

1994 1995 P (94–95)

Date
Begin migration
Reach spawning
Depart spawning
Leave river

Apr 20 6 2.0 (7)
Apr 28 6 1.9 (9)

May 21 6 1.2 (9)
May 27 6 2.0 (7)

Apr 17 6 2.7 (5)
Apr 24 6 2.5 (5)

May 16 6 2.6 (5)
May 17 6 2.8 (4)

0.353
0.264
0.127
0.033

Duration (d)
Upriver migration
Downriver migration
Time on spawning grounds
Time in river

7.5 6 1.6 (7)
6.6 6 1.1 (7)

22.1 6 2.1 (9)
36.9 6 3.4 (5)

7.7 6 1.6 (5)
2.8 6 1.1 (4)

21.2 6 3.2 (5)
29.7 6 3.4 (4)

0.898
0.013
0.822
0.236

FIGURE 2.—Timing and duration of upriver and downriver migrations and spawning ground residency times for
individual telemetered male and female striped bass during 1994 and 1995. Vertical reference lines indicate timing
of the controlled flow experiment.
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TABLE 1.—Extended.

Migration datum

Females

1994 1995 P (94–95)

P (M–F)

1994 1995

Date
Begin migration
Reach spawning
Depart spawning
Leave river

Apr 29 6 3.9 (10)
May 9 6 2.8 (14)

May 17 6 2.4 (14)
May 24 6 2.6 (13)

Apr 16 6 2.1 (5)
Apr 29 6 2.8 (6)

May 10 6 2.8 (5)
May 16 6 2.0 (5)

0.016
0.014
0.064
0.018

0.05
0.01
0.26
0.47

0.86
0.32
0.15
0.64

Duration (d)
Upriver migration
Downriver migration
Time on spawning grounds
Time in river

10.6 6 1.8 (10)
7.1 6 2.0 (13)
7.9 6 1.4 (14)

26.1 6 2.4 (10)

11.5 6 1.8 (5)
6.0 6 2.0 (5)

11.3 6 1.5 (5)
29.1 6 2.4 (4)

0.757
0.784
0.258
0.557

0.23
0.87

,0.01
0.02

0.12
0.44
0.04
0.91

FIGURE 3.—Numbers of days that telemetered fish re-
mained on the spawning grounds versus arrival date for
male and female striped bass in 1994.

The time telemetered fish remained on the
spawning grounds was related both to sex and the
time of arrival. Telemetered males remained on the
spawning grounds significantly longer than fe-
males (Table 1). Males that arrived earlier stayed
significantly longer (r2 5 0.66; Figure 3). A sim-
ilar trend was indicated for females, but the re-
lationship was not significant (r2 5 0.27; P 5
0.06). Most telemetered fish left the spawning
grounds in mid- to late May (Table 1; Figure 2),
and the downriver migration took about a week
for both sexes. For 1994, mean water temperatures
at Halifax were 20.28C (range, 18.7–22.38C) and
19.58C (range, 18.2–21.18C), repectively, for male
and female striped bass departing the spawning
grounds.

The proportion of telemetered striped bass of
each sex on the spawning grounds was affected by
differences in residency time and the timing of
migration (Figure 4). All telemetered males that
migrated upriver occurred together on the spawn-
ing grounds for 6–9 d. Because individual females
spent less time on the spawning grounds and
showed more variability in the timing of migration,
the proportion of females was more variable and
peaked at about 50% in 1994 and 80% in 1995.

During 1994, we observed spawning activity
when water temperatures were above 188C, par-
ticularly when temperatures were increasing (Fig-
ure 5). The changes in water temperature from day
to day were similar for the reservoir discharge and
the spawning grounds and, at the observed flow
rates, appeared to be due largely to changes in air
temperature (Figure 6). Of particular interest was
a decrease in daily mean air temperature from 23.9
to 11.78C during May 1–5. There was a corre-
sponding decrease in water temperature on the
spawning grounds of 4.198C over the period May
1–6 (from 20.28 to 16.098C). No fish left the
spawning grounds due to this decrease in temper-
ature, although spawning activity halted (Figures
2, 6). The experimental increase in flow during
May 4–5 (from about 190 to 390 m3/s over 1 d)
did not noticeably affect water temperature (which
was already decreasing due to low air tempera-
tures), but did appear to reduce the diurnal fluc-
tuation in spawning ground water temperature. No
fish were observed leaving the spawning grounds
due to the flow experiment, but one telemetered
fish did move into a smaller tributary having lower
current velocities.

Discussion
The migratory patterns for our telemetered fish

were generally consistent with results of other
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FIGURE 4.—Proportions of telemetered striped bass that migrated which were present on the spawning grounds
versus date during spring 1994 and 1995.

studies. Trent and Hassler (1968) reported that
striped bass begin to migrate upriver in late March.
Male striped bass generally migrate through the
Williamston area (rkm 48) between March 25 and
April 20 (Trent and Hassler 1968). Most of our
telemetered males migrated past the monitoring
station at rkm 29 in mid- to late April. Our tele-
metered females generally passed the lowermost
station between mid-April and mid-May, which is
consistent with the interval of April 15–May 10
reported by Trent and Hassler (1968) for William-
ston. Telemetered female striped bass were on the
spawning grounds between late April and mid- to
late May, which is consistent with other infor-
mation regarding the timing of spawning activity.
Based on egg production studies, most spawning
occurs between mid-April and early June, the mid-
point of spawning activity occurring near mid-May
(Hassler et al. 1981; Rulifson 1991; Rulifson et al.

1993). Electrofishing surveys indicate that most
striped bass leave the spawning grounds by the
end of May (Kornegay and Nelson 1995; Kornegay
1997).

Our telemetry results for 1994 and other Roa-
noke River surveys (Trent and Hassler 1968; Hass-
ler et al. 1981; Henry et al. 1992) indicate that
male striped bass begin their spawning migration
earlier than females. We observed a mean differ-
ence of 9 d in the start of migration, whereas Hass-
ler et al. (1981) reported a difference of about 2
weeks. We did not detect a difference between
sexes in the initiation of the spawning migration
for 1995, although sample sizes were small be-
cause few fish still had working transmitters. Ear-
lier spawning migrations by males has also been
documented for Hudson River striped bass
(McLaren et al. 1981) and several other anadro-
mous species, including white perch Morone amer-
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FIGURE 5.—Daily spawning fight counts (symbols) observed for different combinations of mean daily water
temperature and change in mean daily water temperature on the spawning grounds, 1994. Vertical line indicates a
temperature change of 08C; horizontal line indicates 188C, the temperature that triggers spawning activity.

icana, American shad, blueback herring Alosa aes-
tivalis, alewife Alosa pseudoharengus, Atlantic
sturgeon Acipenser oxyrinchus, and Gulf sturgeon
Acipenser oxyrinchus destoi (Mansueti 1961; Hol-
land and Yelverton 1973; Chittenden 1975; Loesch
and Lund 1977; Dovel and Berggren 1983; Gilbert
1992; Van Eenennaam et al. 1996).

In both 1994 and 1995, we found that teleme-
tered male striped bass remained on the spawning
grounds significantly longer than did females.
Similar results have been reported for striped bass
in California (Chadwick 1967) and in Chesapeake
Bay (Hocutt et al. 1990). In another Chesapeake
Bay telemetry study, R. V. Jesien and C. H. Hocutt
(unpublished report to Maryland Department of
Natural Resources) found no difference in resi-
dency time between males and females. Only lim-
ited conclusions can be drawn from the Chesapeake
Bay studies, however, because the fish had already
reached the spawning grounds before monitoring
began. Male white bass Morone chrysops and blue-
back herring remain on the spawning grounds for
an extended time, whereas females leave soon after
spawning (Hasler et al. 1958; Loesch and Lund
1977). Male Atlantic sturgeon Acipenser oxyrin-
chus also remain longer on the spawning grounds
and in the river than do females (Dovel and Berg-
gren 1983; Van Eenennaam et al. 1996).

Although an earlier migration and longer stay
on the spawning grounds is documented for males
of various species, explanations for this behavior
are lacking. A possible explanation is that males
respond to a different migration trigger than do
females. Baker (1978) proposed that the timing of
migration is based on a ‘‘migration threshold,’’ and
that natural selection favors different influences on
the migration threshold of males and females. Ac-
cording to Baker, the male threshold may be in-
fluenced by the presence of receptive females,
whereas the female threshold may be physiological
and linked to egg maturation. Results for Atlantic
sturgeon appear to be consistent with that hypoth-
esis. Van Eenennaam et al. (1996) reported that
male Atlantic sturgeon were always present on the
spawning grounds during the spawning season but
that they increased in number whenever a ripe fe-
male moved onto the spawning grounds. For
striped bass, we observed considerable variation
in the timing of migration among individuals. We
hypothesize that individual females might migrate
according to their ripeness and that male migration
might be related to the upstream movement of
nearby ripe females. Cues for spawning ground
departure might also vary by sex. Females might
be impelled to leave soon after spawning, whereas
males may remain as long as ripe females are pres-
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FIGURE 6.—Daily spawning fight counts, daily mean air temperature (squares) along with hourly water temper-
atures for Roanoke Rapids dam discharges (broken lines) and for spawning grounds (continuous lines), and hourly
flows during spring 1994 in the Roanoke River near Weldon, North Carolina. Vertical reference line indicates
timing of the controlled flow experiment. The horizontal reference line in panel 2 indicates 188C.
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ent. Dovel and Berggren (1983) suggested that fe-
male Atlantic sturgeon may be on the spawning
grounds for only a few minutes to a few hours,
during which time they deposit eggs intermittently.

There are several management implications of
the sex-based differences in migratory behavior
observed for striped bass. An intensive fishery op-
erates on the Roanoke River spawning grounds,
and catch-and-release fishing is substantial when
creel limits are reached and after the season closes
(Nelson 1991). Our telemetry results showed that
individual male striped bass stay longer on the
spawning grounds than do individual females.
Thus, males would have a greater likelihood of
both fishing and hooking mortality. The differ-
ences in migratory behavior will also bias survey
estimates of abundance that could be used in stock
assessment. For example, catches of striped bass
on the spawning grounds typically range from 60
to 90% males (Merriman 1941; Trent and Hassler
1968; Kornegay 1997). Males occur in greater
numbers in part because they mature and migrate
at a younger age (Olsen and Rulifson 1992). Our
results indicate that the sex ratio will also be af-
fected by the tendancy of males to arrive earlier
and stay longer on the spawning grounds. A trend
in the sex ratio also occurs over the spawning sea-
son, the percentage of females increasing from
mid-April until sometime in May and then declin-
ing (Kornegay and Nelson 1995; Kornegay 1997).
Kornegay (1997) attributed this pattern to the de-
layed migration and shorter residency time on the
spawning grounds that Carmichael (1995) reported
for telemetered females.

The shorter residency time for individual fe-
males not only affects the sex ratio of catches, it
introduces bias in survey catch-per-unit-effort
(CPUE) data. At peak abundance, our results in-
dicate that all the migrating males but only half
the migrating females are on the spawning grounds
at a particular time. The CPUE data would not
account for the movements of individual females
in and out of the study area during the spawning
season. Capture–recapture or telemetry methods
could be used to account for such movements (Pol-
lock et al. 1990; White and Garrott 1990).

We also found evidence that telemetry data
could be used to estimate losses due to poaching.
Within the Roanoke River, the recreational season
closes during the spawning season once a preset
quota is reached; thus many fish remain within the
river after the closure. We documented through use
of the receiving stations and manual searching that
2 of 43 fish entering the river during 1994 and

1995 were lost while migrating upriver after the
season had closed. The fish that disappeared during
the 1994 migration was likely harvested, though
its transmitter could have failed. The fish harvested
during the 1995 migration was reported to have
been caught while the season was open, but our
telemetry data document that the fish was alive
and swimming upriver after the season had closed.

The fish in our study exhibited only localized
movements on the spawning grounds (Carmichael
1995). This differs from the results of a study in
several Chesapeake Bay tributaries, wherein fish
moved daily between the spawning grounds and
an estuarine area about 20 km downriver. Hocutt
et al. (1990) proposed that Chesapeake Bay fish
returned to brackish water for osmoregulatory pur-
poses. Roanoke River fish must adapt to freshwater
during their migration, because over 250 km sep-
arates the spawning grounds from brackish water.

We did not observe any notable changes in the
distribution of striped bass on the spawning
grounds in response to either a short-term (natural)
decrease in temperature or an (experimental) in-
crease in flow. The temperature change that we
observed was greater than that observed during a
natural storm in 1989, but it was short-lived be-
cause flows were relatively low and air tempera-
ture soon returned to more typical May levels.
Spawning activity began again within a few days
once water temperatures increased above 188C.
Our flow experiment resulted in only a moderate
change of short duration (from about 190 to 390
m3/s over 1 d), and did not cause a noticeable drop
in temperature. The storm in May 1989 caused
flow to increase from about 170 to 566 m3/s over
a 2-day period and remain at that level for 27 d
(Rulifson and Manooch 1990b). The resulting drop
in water temperature caused spawning to halt for
several weeks (Rulifson 1991). To fully evaluate
the effects on the movements of spawning fish,
further studies involving reservoir releases of
greater magnitude and longer duration at various
times during the spawning season would be nec-
essary.
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