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Distribution and Movement Behavior of Radio-Tagged
Grass Carp in Two Texas Reservoirs

EARrRL W. CHILTON II' AND STEVEN M. POARCH?

Texas Parks and Wildlife Department Heart of the Hills Research Station
HC Rowte 7, Box 62, Ingram, Texas 78025, USA

Abstract.—Triploid grass carp Crenopharvngodon idella with surgically implanted radio tags
were stocked in two Texas reservoirs, Lake Texana (4.453 ha) and Lake Weatherford (445 ha),
then tracked to detcrmine magnitude and scasonality of movement patterns, diurnal changes in
movement, and distribution relative to aquatic vegetation. After release. fish quickly became
associated with macrophytes. More than 50% of obscrved movement during the first 3 months
occurred within | week. Mean home range arca was 3,234 ha (SE = 1,190), and mean core use
area was 515 ha (SE = 193). Extensive movement was observed during 24-h tracking conducted
immediately after release. However. five 24-h tracking surveys that were conducted at least 3
months after release showed little movement after acclimation. Somewhat elevated movement was
evident from 0400 to 1200 hours. We conclude that immediately after stocking, an acclimation
period with relatively intense movement occurs followed by an cextended period of quiescence.
Mean duration of the acclimation period was approximately 7 weeks for Lake Texana and 8 weeks
for Lake Weatherford. Although both lakes in this study contained habitat considerably more
heterogeneous than other sitcs where 24-h radio-tracking of grass carp had been done. individual
fish did not appear to take advantage of the opportunity (via diel movement) to forage in different
arcas. Hence. daylight tracking alone should be sufficient to determine grass carp movement trends.
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In recent years. aquatic plant growth has become
a serious problem in many areas of Texas. Nui-
sance plants, primarily hydrilla Hvdrilla verticil-
lata, Eurasian watermilfoil Myriophvlium spica-
tum, waterhyacinth Eichhornia crassipes. and wa-
terlettuce Pistia stratiotes, disrupt recreational use
of water bodies including fishing and boating. De-
caying plant material may also adversely affect the
taste of public drinking water. Control of aquatic
plants through mechanical means is both expen-
sive and time consuming. Additionally, the me-
chanical harvest of aquatic vegetation may result
in more than 30% fish mortality. and replacement
costs of lost fishes can be high (Haller et al. 1980).
Chemical control may be many times as expensive
as biological control (Stott et al. 1971; Shireman
1982) and is often discouraged or restricted in wa-
ters used for drinking—either by livestock or hu-
mans. Further, some herbicides may remain in
aquatic sediments for as long as 2 years after use
(Engel 1990). As an alternative management tool,
grass carp Crenopharyngodon idella are effective
as biological control agents for aquatic macro-
phytes in many situations (Van Dyke et al. 1984:

! Present address: Texas Parks and Wildlife Depart-
ment. 4200 Smith School Road, Austin, Texas 78744,
USA.

2 Present address: Texas Parks and Wildlifc Depart-
ment, 2122 Old Henderson Highway. Tyler. Texas
75702, USA.

Noble et al. 1986: Thompson et al. 1988; Chilton
and Muoneke 1992). Although grass carp are cer-
tainly effective at controlling many types of aquat-
ic vegetation in closed systems, movement is an
important factor in the evaluation of their effec-
tiveness in larger open systems where potential
exists for emigration by the grass carp away from
target areas. There has been much discussion about
placing these fish in particular coves of large wa-
terbodies to eliminate localized vegetation prob-
lems. However, fish that move extensively are like-
ly to emigrate to other areas or other waterbodies
where the fish are unneeded or unwanted.

To assess the movement of triploid grass carp,
radio-tracking studies were performed in two Tex-
as mainstream reservoirs. Although much infor-
mation exists relative to grass carp feeding rates,
feeding preferences, and reproductive biology, de-
tailed observations of grass carp movement pat-
terns are rare. These observations usually report
on a limited number of fish (Nixon and Miller
1978: Hockin et al. 1989; Bain et al. 1990; Clapp
et al. 1993) or provide only short-term tracking
information (Nixon and Miller 1978). For exam-
ple. data from studies by Hockin et al. (1989) and
Beyers and Carlson (1993) included only 5 and 14
fish, respectively, whercas Nixon and Miller’s
(1978) study only lasted 1.5 months due to the
short battery life of the radio tags used.

Information about diel movements is particu-
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FIGURE 1.—Lake Texana, Texas. Solid circles indicate where radio-tagged triploid grass carp stocked in 1990
were found during 1990-1991. Open rectangles indicate stocking sites.

larly scarce, but it is vital to accurately assess the
effects of movement on grass carp effectiveness.
Daylight tracking alone may miss movement to
secondary or even tertiary feeding beds at night.
Unfortunately, only two studies, Hockin et al.
(1989) and Beyers and Carlson (1993), have re-
ported on grass carp movements during a 24-h
period. Both studies were conducted under limited
spatial conditions where habitat diversity was low.
Hockin et al. (1989) used an enclosed section of
the Lancaster Canal in Great Britain that was only
11 m wide and 1-2 m deep with slow-flowing wa-
ter and uniform vegetation. Similarly, Beyers and
Carlson (1993) used a small Colorado irrigation
canal. It is difficult to assess the effectiveness of
these studies in predicting the behavior of grass
carp in larger water bodies where a two- or even
three-dimensional range of movement is possible
and where habitat diversity and complexity are
substantially increased. Increased habitat diversity
may afford fish the opportunity to forage in dif-
ferent areas as temperature and light regimes
change during a 24-h cycle.

Objectives of this study were to determine (1)
magnitude of triploid grass carp movements within
each reservoir, (2) seasonal changes in magnitude
and direction of grass carp movements, (3) distri-
bution of grass carp relative to aquatic vegetation,
and (4) diel changes in magnitude of grass carp
movements.

Study Sites and Methods

Lake Texana is a 4,453-ha reservoir formed by
the impoundment of the Navidad River about 50
km east of Victoria, Texas. Other significant in-
flows are from Sandy and Mustang creeks (Figure
1). Mean depth is 4.7 m and maximum depth is
13.4 m. During November 1989 Lake Texana was
stocked with 15,300 triploid grass carp. Lake
Weatherford is a 445-ha reservoir formed by im-
poundment of the Clear Fork of the Trinity River
about 50 km west of the Dallas-Fort Worth area.
Mean depth is 4.6 m and maximum depth is 12.5
m. During July 1990, Lake Weatherford was
stocked with 1,100 triploid grass carp.

Ninety-five triploid grass carp (mean weight =
1.6 kg, mean total length (TL) = 503 mm, size
range = 0.5-4.7 kg and 369-813 mm) were sur-
gically implanted with radio tags equipped with
internal loop antennas during June 1990 (only trip-
loid grass carp were used in this study). Tag fre-
quencies ranged from 48 to 50 MHz. Tags trans-
mitting on the same frequency were distinguished
by pulse rate differences (either 40 or 50 pulses/
min).

The same implantation and postimplantation
holding procedures were used throughout. Fish
were anesthetized with either Quinaldine (Hyp-
no®) or MS-222 (tricaine methanesulfonate) dur-
ing implantation. A 3-cm longitudinal incision was
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made in the ventral wall about 7 cm anterior to
the pelvic girdle, and a transmitter was inserted in
the body cavity of each fish. Incisions were closed
with either surgical staples or sutures of 1.8-kg-
test fishing line combined with glue. After im-
plantation fish were held in 1,700-L tanks for at
least 2 d and given an antibiotic treatment of 29
mg nitrofurazone (Furacin®) per liter. Fish were
then transferred to either a hatchery pond or a large
raceway and held for a week before being trans-
ported to the reservoirs.

At Lake Texana, grass carp were divided into
groups of 16 individuals and released at each of
five stocking sites; a sixth site received only 15
fish (Figure 1). Tagged fish were tracked by boat
at 1-week intervals for 3 weeks, 2-week intervals
for the next 8 weeks, and 1-month intervals
through June 1991 (although a number of tags pre-
maturely stopped transmitting). To locate as many
fish as possible, the entire reservoir was searched
during tracking including several miles upstream
in the three major tributaries. On several occasions
the river was searched downstream from the dam
almost to the coast (approximately 11 km).

To determine if diel movement was a factor in
interpreting our tracking data, we conducted 24-h
tracking studies in December 1990 and in February
1991. Unfortunately, many of the 1990 tags pre-
maturely stopped transmitting, so the 24-h study
planned for summer 1991 could not be conducted.
Ten fish were tracked at 4-h intervals for 24 h on
each occasion.

Because of difficulties with reception of signals
from the original internal loop antenna tags, 26
additional triploid grass carp (mean weight = 3.75
kg, mean TL = 662 mm, size range = 5.34-9.31
kg and 586-688 mm) were implanted in April 1991
with tags with external whip antennas. Fish were
released at each of the six original stocking sites
in Lake Texana. All newly stocked fish were
tracked after 1 week at 2-week intervals for the
next 10 weeks and at 1-month intervals through
October 28, 1991 (although some tags stopped
transmitting before the last sampling date).

To determine grass carp movement immediately
after stocking, 12 of the newly stocked fish were
tracked at 4-h intervals for the first 24 h. The same
12 fish were located again 48 h after release. An-
other 24-h tracking study of the same 12 fish was
conducted in July 1991 (3 months after release).

Ten triploid grass carp (mean weight = 1.5 kg,
mean TL = 495 mm, size range = 1.4-1.8 kg and
482-506 mm) were implanted with internal loop
antenna radio tags and released at one stocking
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site in Lake Weatherford during August 1990.
They were tracked at 1-week intervals for | month,
2-week intervals for 2 months, and 1-month in-
tervals through June 19, 1991 (7 of the 10 tags
were still transmitting by the final sampling date).
Twenty-four-hour tracking was conducted in Oc-
tober 1990 and March 1991 by locating five fish
at 2-h intervals for 24 h on each occasion.

Throughout the study, locations of individual
fish were marked on a grid map. Every location
was assigned X and Y coordinates. Calculated
changes of X and Y (AX, AY) between recording—
monitoring dates were used to estimate straight-
line distances traveled between dates. Average dai-
ly movement (ADM), in m/d, was calculated for
each time interval between two tracking obser-
vations of a fish. We used ADM to analyze overall
movement patterns through time, to compare
movement between summer (May-October) and
winter (November—April), and to compare move-
ment among months. Only individuals located at
least four times (three movement measurements)
during each season were used in analyses of sea-
sonal movement patterns. Data collected during
the first 3 months after release were used to com-
pare differences in movement patterns between the
1990 and 1991 releases. Only data from fish lo-
cated at least four times were used; week | move-
ment data for 1991 were excluded because week
1 data for 1990 were not available for comparison.
Analysis of variance (ANOVA) was used to com-
pare ADM between seasons (SAS Institute 1987).
Data were log-transformed as log.(n + 1) to sta-
bilize variances. Core use area (95% confidence
ellipse to a fish’s mean location) and home range
area (95% confidence ellipse to a fish’s observed
locations) were calculated for each fish (Sokal and
Rohlf 1969; S. Kartalia and J. Foltz, Clemson Uni-
versity, personal communications). The SAS In-
stitute’s NPARIWAY procedure (SAS Institute
1987), which includes a suite of nonparametric
tests, was used to test for differences in patterns
of grass carp movement and habitat use between
lakes. A significance level of o = 0.05 was as-
sumed for all tests.

Results
Lake Texana

Only 69 of the original 95 radio-tagged grass
carp in Lake Texana were found. Six of these were
located only once, 8 were located twice, and 10
were located three times. Eight of the 45 individ-
uals that were located four or more times during
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FiGURE 2.—Vegetation in Lake Texana, Texas. Solid circles indicate hydrilla and other submergent plant species.
Open squares indicate emergent or floating vegetation (e.g., waterhyacinth and cattail).

the study exhibited two periods of concentrated
movement. Eleven moved almost exclusively dur-
ing the first few weeks after release. No fish were
found downstream from the dam.

Fish released in June 1990 were always found
at depths of 3 m or less and in association with
littoral vegetation, primarily hydrilla. Association
with coontail Ceratophyllum demersum was of
lesser importance, and decreasingly so were as-
sociations with American lotus Nelumbo lutea, cat-
tail Typha latifolia, smartweed Polygonum hyvdro-
piperoides. and pondweed Poramogeton spp., re-
spectively. Some fish were found in vegetation
stands as small as 1.8 m? in area. None were as-
sociated with waterhyacinth, although it was ex-
tremely abundant in certain areas of the reservoir.
Grass carp distribution was skewed toward areas
with the most abundant stands of hydrilla and

coontail, such as the western shore of the lake,
cove areas, and tributaries (Figures 1 and 2). In
particular, the area just south of the Navidad River
inflow, coves just south of the state park, and the
large cove in the southwestern corner of the res-
ervoir all had extensive hydrilla growth and a cor-
respondingly high number of grass carp observa-
tions.

Overall ADM for fish released in June 1990 was
31 m/d (Table 1). Similarly, mean ADM during
the first 3 months after release was 28 m/d (Table
1). However, in general, ADM decreased sharply
through time (Figure 3). Location data from 22
fish (214 movement observations) were used to
compare differences in movement between sum-
mer (1990) and winter (1990-1991). The mean *
SE of ADM was 32 = 7 m/d for 101 summer
movement observations and 7 * 2 m/d for 113
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TaBLE |.—Average daily movement (ADM; SE in parcntheses) in Lake Texana and Lake Weatherford of radio-
tagged triploid grass carp found at least four times during the first 3 months of each study period. Sample size (N) is
the number of movement periods—time intervals between observations—summed for all fish observed in the period
(e.g.. N = 3 indicates a fish was located four times so three ADMs could be calculated).

Mean ADM (nvd) for

Percent of total movement for

study period during

Year First 3 months  Full study period Full study
tagged Study period after week 1 after week | including week 1 First 2. d First 7 d
Lake Texana
1990 Jun 1990-1991 28.4 (10.3) 30.7 (5.5)
N =2l N = 63
1991 Apr-Oct 1991 116.2 (15.9) 44.7 (8.0 34.3% 49.2%
N =24 N =126 4.3 (4.8)
N=25 N =25
Lake Weatherford
1990 Aug 1990-Jun 1991 19.5 (7.4) 36.0 (11.5)
N =10 N=10

winter observations. The ADM was significantly
different between seasons (F = 10.47, model df
= 1, error df = 212, P < 0.002).

Most of the observed movement of fish released
in April 1991 occurred very soon after release.
During the first three months, 33% of movement
occurred within the first 2 d after release and 56%
occurred within the first week. During the entire
study (April-October 1991), 34% of movement
occurred within the first 2 d. and 49% occurred
within the first week (Table 1). After release, fish
tended to swim either back and forth or in a spiral
pattern until vegetation was encountered; thus, as
in 1990, grass carp quickly became associated with

vegetation. The mean ADM during the first 48 h
was 1,255 * 166 m/d (N = 25) and during the first
week was 409 + 48 m/d (N = 25). After the initial
period of high movement, a quiescent period en-
sued. Twenty-one of the 26 fish released in April
1991 exhibited such behavior. The mean time to
onset of quiescence was 28 * 3 d (range, 2-52 d).
Mean length of the period was 47 = 7 d (range,
14-138 d). Mean ADM during the first 3 months
after release was 116 = 16 m/d (N = 24), and
overall ADM was 45 = 8 m (N = 26) (Table 1).
Mean ADM for fish released in 1991 was 45.6%
greater than for fish released in 1990 (Table 1).
As a group, fish released in June 1990 exhibited

160
140 |-

100

- g

ADM

60

40
20

-

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

| 1900

1991

FiGure 3.—Average daily movement (ADM, expressed in m/d) of triploid grass carp stocked during 1990 in

Lake Texana. Texas. Error bars represent standard errors.
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no pattern of upstream movement. In fact, two fish
traveled downstream 13.6 km and 8.0 km, respec-
tively. Similarly, fish released in April 1991 ex-
hibited little directionality in their movement pat-
terns during the course of the study. After 3
months, 15 of 26 radio-tagged fish had moved up-
stream from their initial stocking location; two of
these moved downstream initially and remained
there until late in the study period. Seven fish ex-
hibited no directional movement pattern, and four
moved downstream. A number of fish moved rel-
atively long distances in a short period of time,
irrespective of direction. For example, two fish
moved downstream 6.5 km and 5.7 km, respec-
tively, within 2 d of release. In contrast, two other
fish moved upstream 3.6 km and 6.5 km, respec-
tively, during the same period. Often individuals
reversed direction. One fish was found 1.3 km up-
stream of release in Mustang Creek after 2 d, then
it changed direction and moved more than three
times that distance downstream into the reservoir
during the next 6 d. During the study, mean home
range for Lake Texana fish was 3,869 * 1,439 ha,
and mean core use area was 620 * 233 ha.

Grass carp moved extensively during the first
24 h after release in 1991. Average movement dur-
ing that time was 3.0 * 0.6 km (range, 0.47-7.41
km). However, after fish had been acclimated to
their new environment for 3 months, 24-h tracking
studies revealed little or no diel movement for
most individuals. During the two 24-h tracking
studies in winter 1990-1991, 54% of our obser-
vations indicated no movement and 87% indicated
movement less than 200 m. Forty of the 48 ob-
served movements were the result of fish moving
back and forth between frequently used sites. Only
one fish moved more than 400 m during any one
tracking period, and that fish moved back to its
original position during the next period. Move-
ments occurred between 0400 and 1200 hours for
57% of the time. Movement was not positively
correlated to water temperature changes. Daily wa-
ter temperature was always greatest between 1500
and 2300 hours. Similarly, during the July 1991
24-h tracking study with fish released in April
1991 (after fish had acclimated), 79% of all ob-
servations indicated zero movement, and four of
the nine observations that indicated movement
were the result of back-and-forth movement be-
tween established sites; 56% of all movements oc-
curred from 0800 to 1200 hours. Again, time of
increased movement was not positively related to
mean water temperature, which was greatest be-
tween 1500 and 1900 hours.

LAKE WEATHERFORD

FiGURE 4.—Lake Weatherford, Texas. The rectangle
on the southern edge of the lake indicates the stocking
site in 1990, and solid circles indicate where triploid
grass carp were found during 1990 and 1991.

Lake Weatherford

All ten fish were located at least once during the
course of the study, and all were associated with
bulrush Scirpus spp. primarily in the upstream por-
tion of the reservoir (Figure 4). Movement was
most intense during the first week after release;
the mean ADM overall (including the first week’s
observations) was almost twice as great as the
mean ADM overall with the first week discounted
as an acclimation period (Table 1). Only two fish
exhibited movement more than 200 m after the
first week. Minor movements occurred in a pattern
similar to that in Lake Texana. After an initial
period of high movement, 7 of 10 fish began a
quiescent period. The mean time to onset was 15
+ 2 d (range, 10-24 d), and the period lasted 55
* 15 d (range, 6-116 d). Some, fish didn’t move
after the initial period. For purposes of calculation,
the quiescent period ended December 31, 1990,
for those fish.

Mean core use and home range areas for Lake
Weatherford were 43 * 23 ha and 373 * 135 ha,
respectively. Although the areas were smaller than
for Lake Texana, they were not significantly dif-
ferent between lakes, probably due to the high
number of zero values. Mean core use and home
range areas for the two lakes combined were 515
* 193 ha and 3,234 * 1,190 ha. Regression anal-
ysis with combined data indicated core use area
(F=4.7,r2 =008, P<0.05) and ADM (F =
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FIGURE 5.—Core use area (1.000s of hectares) and average daily movement (ADM) versus triploid grass carp
stocking weight. Data for Lake Texana and Lake Weatherford were combined.

20.5, r2 = 0.28, P < 0.001) were significantly and
positively related to fish weight at stocking (Figure
5).

During the two 24-h radio-tracking studies in
Lake Weatherford, the only recorded movement
was by one fish that moved less than 15 m,

Discussion

In the two Texas reservoirs, grass carp exhibited
a period of rapid movement and dispersal imme-
diately after release and then a long interval of
relative inactivity. Nixon and Miller (1978) and
Kartalia and Foltz (personal communications) sim-
ilarly reported periods of extreme activity imme-
diately after release. Unfortunately, this period,
which may last a number of weeks, and the qui-
escent period that follows can make it difficult to
interpret tracking data. For example, Nixon and
Miller (1978) found movement in grass carp in-
creased with increased temperature, and Bain et

al. (1990) similarly reported greater activity during
summer than winter. However, although our data
agree with these previous findings, it is difficult
to determine whether declines in movement with
the onset of cooler temperatures in fall were ex-
acerbated by the overall trend of declining move-
ment (across time) during the first year after re-
lease. Because fish at both reservoirs were released
in summer (June 1990 in Lake Texana, August
1990 in Lake Weatherford), the summer movement
data might have been enhanced by the tendency
to move a great deal during acclimation; and de-
clines in movement during winter might have re-
sulted not only from temperature effects but also
partly from natural declines in movement as pre-
ferred plants were encountered and acclimation
ended. During the first year, acclimation behav-
ior—initial high movement followed by declining
movement—probably influenced movement data
10 a greater degree than did seasonality. Although
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it is possible that small May and June sample sizes
(N = 4) might have been a factor in reduced ADM,
standard errors were small. The 1991 data support
the contention that initial reaction patterns to
stocking may affect first-year movement more than
season does.

In 1991 fish were stocked in April, before the
onset of the summer period, so we should have
seen increased movement as the summer pro-
gressed. But after an initial period of activity, a
period of decreased movement began in early sum-
mer and, in 12 of 21 cases, extended through the
end of June or later. Apparently, anticipated sea-
sonal increases in movement were obscured by
decreased activity following acclimation.

Our core use and home range data are consistent
with findings by Kartalia and Foltz (personal com-
munications), who reported 8.7 km2 of core use
and 49.0 km? of home range from Lake Marion,
South Carolina, compared with our areas of 5.2
km?2 (core use) and 32.3 km? (home range). Per-
haps home range and core use areas were some-
what larger in Lake Marion because its size
(44,000 ha) provides more room for movement.
However, if a loose relationship exists between
home range and lake size, it is not linear; otherwise
we should have observed areas only one-tenth the
size of those reported from Lake Marion. In our
study, both core use area and ADM were positively
related to the stocking size of fish, but the relation
was weak, indicating factors other than size have
a crucial role in determining movement and range
of grass carp during the first year after release.
However, the subtle tendency for larger fish to
move more extensively than small ones is evident.
Presumably because they are more capable of
greater movement, larger fish maintain larger feed-
ing areas, or perhaps older mature fish are com-
pelled to greater activity related to spawning.

The inactivity by grass carp after acclimation as
well as the relationship between movement and
size are both consistent with their behavior in na-
tive streams and rivers. Gorbach and Krykhtin
(1988) reported juvenile grass carp feed for as long
as S years in the lower reaches of the Amur River
before they begin to move upstream into spawning
areas (presumably minor movements take place
during this time). Lack of strong directionality in
movement patterns has significant management
implications. In their native habitat, juvenile grass
carp undergo a period of growth and relative in-
activity in the lower portions of the Amur River,
after which they begin a slow northerly migration
that eventually leads to their spawning grounds in

the upper river. Fish have been reported to move
500 km upstream in the first 2 years of the mi-
gration. One specimen (610 mm) moved 155 km
in 9 months (ADM = 574 m/d; Gorbach and Kry-
khtin 1988). Consequently, pond and lake man-
agers often indicate to clients that grass carp won’t
move downstream from where they are stocked.
In our study, fish (mean length, 662 mm) released
in Lake Texana during 1991 were already well
within the size range that would begin a normal
upstream migration, yet no net upstream move-
ment was observed. Although at least 60% of the
fish released into Lake Weatherford moved up-
stream from the stocking site, the trend was prob-
ably a function of the fact that virtually all of the
plant biomass (bulrush) was found in the upper
reservoir.

It was difficult to document escapement from
either reservoir. We cannot say for certain why 26
of the original 95 tagged grass carp we stocked
into Lake Texana were never found. During Lake
Texana surveys, a few fish were found several ki-
lometers upstream in both the Navidad River and
Mustang Creek, but no fish were ever located more
than 100-200 m upstream in Sandy Creek. It is
possible that some traveled so far upstream that
their radio tag signals could not be picked up by
our receiver. None were located downstream of the
dam. Nevertheless, fish might have moved down-
stream and entered salt water, rendering their tags
undetectable. A number of authors have reported
that grass carp are somewhat saltwater tolerant
(Liepolt and Weber 1969; Cross 1970; Kilambi
1980; Maceina and Shireman 1980; Trimm et al.
1989). Schools of grass carp have been found
downstream of Lake Texana. A number of fish
from these schools have been captured, and PIT
tag readings indicated they were escapees from
Lake Texana (all 15,300 grass carp placed in the
lake initially were equipped with PIT tags). How-
ever, our difficulties with internal loop antenna
transmitters in 1990 (fish released in 1991 with
external whip antenna transmitters were readily
located), combined with the fact that water did not
go over the Lake Texana spillway for months after
release of the fish suggest the low percentage of
fish located in 1990 might have resulted from a
combination of escapement and technical prob-
lems. Similarly, the high number of fish located
in Lake Weatherford, their direction of movement,
and the lack of water releases over the spillway
again suggest that our inability to locate fish on
various dates might have been caused by a tech-
nical problem with the transmitters.
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The only instance of significant movement dur-
ing a 24-h period was immediately following grass
carp release in 1991. All our other 24-h studies
indicated minimal diel movement, usually during
the morning. This result is consistent with a report
by Hockin et al. (1989). Although they found grass
carp movement in an unnavigated portion of the
Lancaster Canal was almost continuous, activity
was greatest around dawn and remained high until
noon. Despite minor increases in movement
around dawn in our study, we expected more pro-
nounced activity. The heterogeneous environment.
with varied choices found in both Texas lakes. pro-
vided much more diverse habitat than the canals
where Hockin et al. (1989) and Beyers and Carlson
(1993) did their work. However. no pronounced
diel movements were observed. and changes in
habitat types was not based on time of day. As in
our study, Hockin et al. (1989) reported diel move-
ment was uncorrelated with water temperature:
Cassani and Maloney (1991) found that water tem-
peratures of 22.2-30.3°C did not significantly af-
fect average swimming speed of grass carp. There-
fore, temperature shifts that occur within a 24-h
period are, in general. probably not of sufficient
magnitude to significantly affect activity.

In conclusion, our data suggest that any tagging
studies conducted with grass carp should be rel-
atively long-term because neither the initial period
of acclimation nor the ensuing quiescent period
may be indicative of typical movement patterns.
The 2-4-week acclimation period of extensive
movement we observed indicates than stocking
grass carp for vegetation control in particular ar-
eas, such as bays or coves, will probably prove
ineffective because fish will roam widely and will
likely encounter other suitable areas. if available,
before the onset of the quicscent period. Addi-
tionally. if grass carp are used as vegetation control
agents in reservoir systems. care should be taken
to ensure acclimation takes place during a period
of fow flow rates. This precaution should help min-
imize escape potential during acclimation, when
the fish are most active and the probability of em-
igration is high. However, as the fish grow. their
tendency to move increases along with the prob-
ability of escape from target study or management
areas. Because little evidence for diel shifts in
movement activity exists, daylight tracking alone
may be sufficient to monitor grass carp movement.
Finally, although some managers claim grass carp
do not move downstream, our data indicate these
fish will move both upstream and downstream.
Tagged fish were observed moving in either di-
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rection in the Navidad River, in Mustang Creek,
and in the main body of Lake Texana. Management
decisions should not be based on the assumption
that grass carp will only move upstream. Prudence
should be used when stocking sites are chosen and
approved because downstream areas may be af-
fected by grass carp moving out of upstream areas.
In particular, special caution is probably warranted
when threatened or endangered species’ habitats
or sensitive wetland areas are downstream of pro-
posed grass carp stocking sites.
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