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-Abstract .

Paddlefish (?olyodon spathula) fry and fingerlings were tested
for uppef tempefature tolerance using the critical therﬁal maxima
method, The upper temperature tolerance 6f péddiefish was
determined to'_be - 33.4%1.18 C for 5—day—old.-fry (18 mm Total
Length) , 33.510;41_ ¢ for 25-day-old fingerlings (61 mm Total
Length), and 35.2+0.30 C for Bo—day-dld fingerlingé (226 mm Total
Length). Temperature fblerance increased.with age according to the .
equation y = 0.0286x ¥'33;078 (13=0.539, P<0.001) . The results
indiéate that temperatures:'abbve' 31 C should be avoided when

stocking and rearing paddlefish.






2

'~ Introduction

'Paddiefish (Polyodon §Q§§Qg;g)'are ‘widely distributed and
inhabit the entite Mississippi River drainage from near the
canadian border to the Gulf of Mexicb (Gengerke et al. 1986). This
‘distribution encompasses a wide range of climatic zones. 'Spawning
and egg collection temperatures range from 10 to 16 C (Purkett
- 1961; Purkett 1963; Pasch et al..1980; Russell et al. 1980; Wallus
1986), and egg incubation temperatures range from 11 to 21 .C
(Purkett 1961; Purkett 1963; Friberg 1973; Russell 1973; Brandt
1978; Rﬁssell et al. 1980). Graham et al. (1986) raised paddlefish
to 305 mm totai 1ength (TL) in_Miééouri at pond temperatures
increasing from 17 C in the spring to 29 C by nidsummer and
suggeéted an optimal température range of 18?32 C. A survéy of 11
paddlefish authorities by Crance (1987) yielded the following
optimal temperature ranges: early fry;_12-29 C; advanced fry and
early fingerlings, 16-30 C; and advénced fingerlings and adults,
14-24 C. Howevef, the ﬁpper temperature tolerance of paddlefish
has not been determined ex?erimentally.

Iﬁ 1987, the_Texas Parks and Wildlife Department began é
project to enhance'paddlefish populations in east Texas rivérs.
Paddlefish eggs were obtained from out-of-state sources. Eggs were
incubated and fry were reared to 203 mm TL in indoor raceways at

the A.E. Wood Fish Hatchery in San Marcos, Texas.
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At the A.E. Wood Fish Hatchery paddlefish fingerlings ére
reared under a'near cdnstant thermal fegime (21i2 C) and then
stocked to reservoirs and rivers in mid-éummer, Often, stocking
sites, especially backwater and éhallow areas, are Of_considerébly
higher temperature thah_the réaring temperatures.: Additionally,
attempts to rear paddlefish"in.hatchery ponds, in Texas, where
afternooﬁ pond temperatures reach 35 C have been unsuccessful.
Although desired zooplanktonlorganisms ate generaliy abundant, few
paddlefish are observed after two to three weeks.: Produétion and
stocking of paddlefish.at high temperétures may affect survival.
'The objective of this study wés to determine.the respohse of three
age groups of paddlefish té'rapidly-riéing temperatures using the

critical thermal maxima (CTM) method.
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Materials and Methods

Paddlefish used for thermal tolerance testing were hatched.end
reared at .the A.E. Wood Fish Hatchery in San Marcos, Texas.
Paddlefish'egge were obtained from the U. S§. Fish and Wildlife
Service and originated from wild broodfish taken from the Missouri
River at Chamberlain, South Dakota. Eggs were air-shipped to San.
Marcos, Texas on 31 May 90 and incubated in McDonald hatchlng jars
at 17 C. Fry were stocked on 4 June 90 in an indoor raceway for'
growout on a commercial diet (Rangen Trout and Salmon Chow, Buhl,
ideho) at ambient river water temperatures of 2112 ¢. Paddlefish
were tested at five days'(ls.lil.lo'mm TL), 25 days (61.2t7.67 mm
TL), and 80 days (226.3£35.51 mn TL) posthatch. o

Upper lethal temperatures were determlned fer the three 51zes
of paddlefish reared at 21%2 C using the modified critical thermal.
maximum method descriﬁed by Fields et al. (1987). Paddlefish,were'
subjected to a. temperature increase of 0.2 C/min. This rate is
suffidiently fast'enough to reduce cumulative stress on fish yet
slow_enouéh te allow observation of fish response to individual
' temperature increments (Fields et al. 1987). The eritieal thermal
maximum determined by this test may not reflect the absolute upper
thermal toleranee of fish acelimated.for long periods of time to
higher temperatures. However, the CTM may be.a good indicator of
fish response to rapid environmental temperature increases such as
those encountered when.stoeking paddlefish to warmer sites or

afternoon increases in shallow culture ponds during summer.
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Thirty fish in groups of 10 each were used for each size
tested. ©Paddlefish weré moved to a 92 ﬁ 1aboratory water bath
(Blue M Electric Co., Blue Island, Il.) filled with water from the
rearing unit. Water was kept well mixed by agitation and by
bubbling'aif in the middle of the unit with a'150—mm_airétone.
After a 15-min acclimation 'period to the test unit, water
temperature was increased 0.2 C/minute. = Mortalities ‘and
temperatures, noted to the nearést”o.i C with é 30-cm mercury
thermometer, were recorded at_one minute intervals. Death was
presumed when.paddlefiSh ceased forwafd swimming and sank tb the
bottom of the test unit. At this poi_ﬁt less than 5% of the fish
recovered when .returned to the original water temperature.
Dissolved oxygen (D.O.) was measured continously with a Yellow
Springs Instrument (YSI)’Model 58 D.0O. meter. Ten fiéh of each
size were also held in the unit for two hours with no temperature
change as controls for each test.

After testing, TL and weight-were recorded fbr each fish to
the nearest 0.1 mg on a Metier AE 163 balanée. Mean CTM for each
size teéted was calculated as ~the mean temperature at which
mdrtality occurred for each group. CTM of the three age groups of

pa@diefish were compared by analysis of variance.



Results

'Mean CTM ranged from 33.4 to 35.2 C (Table 1). Mean CTM of
paddlefish'differed significéntly (P<0.0005) by age. Scheffe’s F-
test démbnstrated a signifidant difference between the mean CT™M of
5 and 80 day old paddlefish (P<0.05) and bétweeﬁ 25 and 80 day old
fish (P<0.05), but no significant difference was indicated betweeﬁ _
the ﬁeah'CTM_of 5-and 25-day-old-fish. ﬁTempérature tolerance
increased with age according to the regression eqUatioﬁ_y.= 0.026x%
+ 33.0?8 (xr? = 0.539,'P<0.001). No ﬁortélities occurred_in'thé

control groups for each age group tested. -

Discussion

The upper temperature tolerances established in this study
agree with the thermal t&lerances ahticipated by Crance (198?) and
Graham (1986). These temperatures also corrélate to observations
6f paddlefish hoving out . of back water areas when water
temperatures rise to 30 C (Southall 1982). The thermal tolerance
differences between the ages of paddiefish teSted are probably size
related. Older, larger fish.may be able to withstand higher

temperatures for longer periods of time due to their greater mass.



.

Manégement implications for stocking paddlefisﬁ fingerlings
into reservqirs sugéest leughs and backwaters sﬁould'be avoided in
late summer, if temperatures are above 30 C. Stocking by boat in
open water areas may providé oppeortunities for paddlefish to find
"areés of lower water temperaturés and woﬁld seem to bé a good
strategy to aVéid additional stress. Additionaliy,.culture of
juvenile paddléfish. may be inappropriate .in areas where pond
temperatureé are likely to exceed 3i'c for”extended périods of

time.
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Table 1. Critical thermal maxima for 5 day, 25 day and 80 day

old paddlefish fingerlings reared at 2142 C.  Each value is the

mean * SD for 3 groups of 10 fish.

Age Critical = Mean _
(days}) thermal maximum {C) weight (g) Total length (mm)

5 33.4%1.18 . 0.031%0.003 18.1%1.10
25 33.5$0.41 1.3100.356 61.2%7.67

80 35.20.30  28.977+12.773 226.3%35.51
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