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INTRODUCTION

Striped bass have historically been prized by commercial and
recreational fishermen on both the Atlantic and Gulf of Mexico
coastlines (Coutant 1985). Evidence of striped bass stock declines
on both coastlines has initiated considerable efforts on the part of
state and federal agencies to restore stocks to historical levels and
regulate the commercial and recreational fisheries so that healthy
stocks can be maintained.

The Gulf States Marine Fisheries Commission (GSMFC) developed the
Striped Bass Fishery Management Plan in 1986 (Nicholson et al.) to
address striped bass problems in the Gulf of Mexico. As a result of the
development of that plan, it was recognized that critical information
relating to habitat requirements was insufficient to meet the needs of
fishery managers. A project entitled "Habitat Criteria for Striped Bass
Stocked in Tributaries of the Northern Gulf of Mexico" (Lukens 1988) was
initiated by the GSMFC to address some of those data gaps. A result of
that project was the recognition of thermal refuges as a significantly
influential criterion for determining stocking success of striped bass
in southeastern coastal streams. Thermal refuge is loosely defined as a
distinct pocket of cool water (<60°C or 78°F) within a stream, lake, or
reservoir system that maintains sufficient oxygen and temperature for
survival of striped bass during the summer months (Ware 1987).

Current research has revealed that striped bass inhabiting coastal
rivers and reservoirs in the southern United States exhibit preferences
for cool water during summer months by seeking out microhabitats called
thermal refuges (Waddle et al. 1980, Schaich and Coutant 1980, Cheek et
al. 1983). Van Den Avyle and Evans (1984) studied temperature
preferences of striped bass in the Apalachicola-Chattahoochee-Flint
River System.

A lack of this cool water habitat has resulted in summer die-offs
of striped bass in many southeastern reservoirs (Coutant 1978). It is
generally accepted by striped bass researchers in the southeast that the
amount of thermal refuge available during the summer months will dictate
the numbers, size and condition of striped bass populations. Coutant
(1985) suggests that knowledge of the extent of thermal refuges can be
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Table 1. Station numbers, river mile (RM) and sampling date for
temperature measurements.

Station Number RM Date
1 106.1 11/29/88
2 105.7 11/29/88
3 104.8 11/29/88
3 104.4 9/05/89
5 102.7 11/29/88
6 101.0-100.1 9/05/89
7 98.2 11/29/88
8 92.5 9/05/89
9 90.2 9/06/89
10 89.3-86.0 9/06/89
11 88.6 9/06/89
12 84.6-83.8 9/06/89
13 84.3 9/06/89
14 81.2-80.4 9/06/89
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Figure 1. Mean surface water temperatures in the Apalachicola River below Lake Seminole from 1981-1987.







RESULTS

TIMS Data

0f the six known thermal refuges sampled, only stations 2 and 13
were identified in the TIMS data. Thermal imagery produced from the
TIMS data are depicted in Figures 3 through 5. The bright white areas
represent areas which are warmer than the surrounding background.
Figure 6 is a computer enhanced picture of the thermal imagery in which
specific thermal values were assigned and appear as red areas.

Stations 1 and 4 show no significant indication of thermal
differences, while stations 2 and 3 indicate possible thermal anomalies
(Figure 3). Station 4 is a spring creek which was dry at the time of
the fly-over. Figure 4 indicates the distinctive thermal manifestation
of the heated water discharge from the power plant at station 5.
Station 8 shows no thermal anomaly in the river; however, the upland
spring which is the source of the flow entering the river at station 8
shows a significant thermal difference with the ambient river water
(Figure 5).

Ground-truthing

Ambient river temperatures ranged from 16.1°C to 16.7°C, while
known thermal refuges ranged from 17.1°C to 18.1°C (Table 2). The
temperature value of 23.9 was taken from the power plant discharge and

does not represent a summer thermal refuge.

Verification of Thermal Anomaly Locations

Source of Thermal Anomaly - Six of the 14 stations sampled during
the follow-up field work are known thermal refuges (Table 3). These are
found 1in stations 1, 2, 4, 7, 11, and 13. In five of those cases,
spring discharge is involved. At station 11, however, the thermal
difference is attributable to vegetative overstory over a creek which
enters the river.

At station 8,  historical information (Barkuloo, personal
communication, 1990) indicates spring seepage from the 1limestone
substrate at that location. Investigations to date using temperature
probes and Scuba have not revealed a thermal anomaly there. Station 5

revealed a significant thermal anomaly between ambient river
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Figure 6. Computer enhanced thermal 1imagery of Figures 3 and 5
which depict stations 1, 2, 3, 4, and 8 on the

Apalachicola River below Lake Seminole.
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Table 2. Station number, river mile (RM), ean ambient river
temperature (C), and mean temperature (C) of known thermal
refuges (T/R) on the Apalachicola River on November 29, 1988.

TEMPERATURE
Station No. RM Ambient River T/R Diff.
1 106.1 16.1 17.5 +1.4
? 105.7 16.6 17.1 +0.5
31 104.8 16.7 - -
2
5 102.7 - 23.9 -
7 98.2 16.7 18.1 +1.4

| . .
No known thermal refuge. Ambient river temperature only.

2 .
Power plant discharge. Not a thermal refuge.
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temperatures and the discharge canal of the power plant. It does not
provide a summer thermal refuge for striped bass; however, it does
provide a "winter refuge" for striped bass and hybrid bass. The

remaining six stations have no known source of thermal influence.

Temperature Differential - At two of the six known thermal refuges
no temperature differential (+- 0.5°C) was noted. This was probably due
to lTow ground water flow and slight differences between water and air
temperatures. Table 4 provides temperature measurements taken at all
stations sampled. In the case of stations 3, 6, 8, 9, 10, 12, and 14,
the TIMS data indicated thermal anomalies; however, follow-up sampling

revealed no temperature differences.
DISCUSSION

The primary objective of this study was to determine if thermal
refuges for striped bass could be identified using TIMS technology.
This application of such technology would minimize the amount of time
and manpower required to investigate vast areas of coastal rivers for
striped bass thermal refuges. Since thermal refuges play such an
important role in striped bass survival in southeastern United States,
refinement of a method to quantify available thermal refuge area would
facilitate planning of restoration and stocking activities and could
significantly enhance management practices used to regulate and protect

striped bass.

TIMS Data

0f the six known thermal refuges included in the study area, only
stations 2 and 13 were detected using the TIMS. No significant thermal
signatures were observed at stations 1 and 4, even though both are
spring-fed discharges. This 1is probably due mainly to three factors:
1) the ratio of spring water to river water was too low to be detected
at the pixel resolution used in this study. This study was conducted at
a time when the local area had experienced several months of below
normal rainfall; therefore, some springs had stopped flowing and others
probably had greatly reduced flows; 2) temperature differential between
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spring water and ambient river water was too low (< 1.4% difference) to
show a significant temperature change at the discharge site; and 3) the
pixel size of the thermal sensor was too large (10 meters x 10 meters)
for proper resolution of the water masses studied. A lower altitude
flight could increase the resolution to 5 meters x 5 meters and could
better detect temperature differences of these water masses. This is
evidenced in figure 4 which depicts a large area of warm water discharge
from the power plant at that location. Though that site is not a
thermal refuge, because it is not a cool water source in the summer, it
does point to the fact that the TIMS can detect temperature differences
in rivers.

Weather conditions were near ideal during the TIMS fly-over for
statijons 1 through 5; however, dense fog was encountered just below
station 5 and continued through station 8. Figure 5 shows a dark
signature, indicating relatively colder temperature, which runs along
the near center of the river. This phenomenon is consistent with the
area in which the fog was encountered. The fog could have influenced
the thermal signature of that portion of the river, although it did not
appear to interfere with signatures of known groundwater discharges in
the floodplain.

Verification of Thermal Anomaly Locations

The computer generated output of TIMS data depicts many thermal
signatures, most of which cannot be explained. The stations used in
this study were selected because they had a relatively large thermal
signature and/or were located at or near areas which display conditions
suitable for spring water discharge, such as station 8 at a rock bluff.

0f the 14 stations ground-truthed in this study, six were selected
because they were known thermal refuges, seven were selected because of
a thermal signature in the TIMS data, and one (station 8) was selected
because it is a known warm water discharge. Ten of the stations (2, 3,
6, 8, 9, 10, 11, 12, 13, and 14) showed a thermal signature in the TIMS
data; however, only two were later verified by field temperature
measurements. Both are spring fed discharges.

Submerged springs at stations 1 and 2 have been verified by divers
and utilized by radio-tagged striped bass (Barkuloo 1980 and 1981).
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The Anadromous Fish Subcommittee of the Gulf States Marine
Fisheries Commission believes that the application of remote sensing
technology (TIMS) has the potential to locate thermal refuges. The
information resulting from this study should allow for a greater degree
of success in subsequent studies. The Flint River in Georgia, which is
a part of the Apalachicola River system, is recommended as a potential
study area for using the TIMS because of several known springs which
have large discharge rates and because of the importance of the river as
striped bass habitat. Another significant area of interest for
application of TIMS technology is the lower Mississippi River, which
currently is known to harbor striped bass. The turbidity of the
Mississippi River would introduce another variable, because it is not
known how this would affect detection of surface temperatures; however,
the importance of this area to striped bass justifies more intense study
to determine the extent to which the river can support striped bass

populations.
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