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Maximum Daily Consumption and Specific Daily Metabolic 
Demand of Juvenile Flathead Catfish (Pylodictis olivaris) 

Samuel L. Bourret, Ralph W. Tingley, Ill, Yoichiro Kanno, and Jason C. Vokouna 

Department of Natural Resources Management and Engineering 
College of Agricutture and Natural Resources 

University of Connecticut 
Sforrs, Connecticut 06269-4087 USA 

ABSTRACT 
Maximum daily consumption and spccific daily metabolic demand were 

determined for juvenile flathead catfish (Pylodictis olivaris) in the laboratory over a 
temperature range of 3-32 "C. Maximum daily consumption increased with increasing 
water temperature, was significantly higher at 19 "C than at colder temperatures, and 
remained elevated up to 32 "C. Fish rarely ate below 15 "C, most stopped feeding at 
I I "C, and no fish consumed anything at 7 "C or below. Specific daily metabolic demand 
showed a gradual increase with increasing temperature. The quantification of 
consumption and metabolic dcmand for juvenile flathead catfish was consistent with 
descriptions classifying the species as adapted to warmwater conditions. 

INTRODUCTION 
The flathead catfish (Pylodictis olivaris) is native to the Rio Grande River, 

Mississippi River and Mobile River drainages, and part of the lower Great Lakes region 
(Glodeck 1980, Jackson 1999). This fast-growing ictalurid fish can reach > I  in in total 
length and weigh > 50 kg, and adults are usually exclusively piscivorous (Jackson 1999, 
Brown et al. 2005, Pine et al. 2005). Extensively introduced outside its native range 
(Fuller et at. 1999), the flathead catfish has altered the composition of native fish 
populations through predation (Pine et al. 2005, Sakaris et al. 2006, Pine et al. 2007). The 
growth of flathead catfish varies extensively from population to population (Grabowski et 
al. 2004, Kwak et al. 2006, Sakaris et al. 20061, but there is a general trend that reservoir 
residents grow faster than riverine individuals, introduced flathead catfish grow faster 
than those in native populations, and individuals in eastern United States populations 
grow more rapidly than those in western populations (Kwak et al. 2006). However, little 
quantitative information exists on underlying bioenergetic factors affecting growth of 
flathcad catfish ovcr thc tclnpcraturc rangcs cncountcrcd by nativc and introduccd 
populations. 

We conducted a laboratory study to determine maximum daily consumption 
(C,,) and specific daily metabolic demand (MET) for juvenile flathead catfish over the 
temperature range of 3-32 "C. Our objective was to document the effect of water 
temperaturc on food consumption and mctabolism and provide data which would be 
useful for the future development of bioenergetic investigations of flathead catfish. 

METHODS AND MATERIALS 
Flathead catfish were collected from the upper Mississippi River in Minnesota via 

electrofishing in August 2005. Fish ranged 209-362 mm total length at the time of 
capture. They were air-shipped to the fisheries laboratory at the University of 
Connecticut and were placed individually in perforated plastic chambers (508 mrn x 356 
mrn) submerged into a recirculating dual-tank system. The tanks were equipped with 
biofiltration and tcmpcrature control systems. Fish wcrc acclimatcd to laboratory 
conditions for four weeks before the onset of the experiment. Acclimation conditions 
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included a 14 h light : 10 h dark photoperiod, a water temperature of 23 OC, and daily 
provisions of fathead minnows (Pimephales prornelas). 

Maximum daily consumption and MET were determined at nine temperatures (3,7, 
1 1, 15,19,23,26,29, and 32 "C). While the general progression of temperatures 
evaluated was descending for the lower range of temperatures (3-19 "C) and ascending 
for the higher range (23-32 "C), a systematic order wherein a neighboring temperature 
increment was "jumped" over was used, such that fish were systematically being 
acclimated to new temperatures both up and down within the test range as much as 
possible. 

To determine C,,, individually-held flathead catfish were fed ad libitum rations 
of live fathead minnows daily for 11-14 consccutive days (test pcriod) at each 
temperature. Daily consumption values were calculated by subtracting the total weight of 
fathead minnows remaining in each fish chamber from the total weight provided the day 
before (Zweifel et. a1 1999). Prior to test periods, fish were acclimated to new 
temperatures for 14 days (Whitledge et al. 2002) and fed minnows at a rate of < 3% of 
body weight per day during acclimation (Hartman and Cox 2008). Temperature changes 
towards test temperatures during acclimation periods did not exceed 2 O C  per day 
(Hayward and Arnold 1996). All fish were weighed and measured on the first and last 
day of each test period. 

Due to varying weights of flathead catfish, a weight standardized approach was 
used to determine C,, rate at each temperature (Hayward and Arnold 1996). 
Consumption rates were adjusted to a standard body weight of 274.9 g, the grand mean of 
all fish weights over the test periods (Hayward and Arnold 1996, Zweifel et al. 1999). An 
aI1ometric equation was used to calculate C,,, as C,, = a d ,  where W is body weight 
(g) of fish, and a and b are regression constants. A value of -0.3 1 was used for b (Hansen 
et al. 1997), and a dummy value of 1 was used for a (Zweifel et al. 1999). The mean (of 
beginning and ending) weight of each fish in each test period was entered into the 
allometric equation, and the resulting value of C ,  was divided into the C,, value for a 
body weight of 274.9 g (Hayward and Arnold 1996, Zweifel et. a1 1999). All daily 
consumption values were multiplied by the corresponding value of this weight- 
standardizing quotient. Differences in weight-adjusted daily consumption among 
temperatures were tested using analysis of variance (ANOVA). When differences were 
supported at the aC0.05 level, a post-hoc Tukey's Honestly Significant Difference (HSD) 
test was used to determine significance of pairwise differences. Data were log- 
transformed prior to analyses to meet the assumptions of normality and homogeneity of 
variance. 

A Blazka-type swim chamber/respirorneter was used to document MET of the 
juvenile tlathead catfish at each temperature. I h e  54.45 L chamber used water pumped 
from the recirculating system. A valve assembly and black hoses were used to supply 
water to the chamber. The respirometer was constructed of two acrylic tubes, an inner 
tube (130 cm x 16 cm diameter) and an outer tube (130 cm x 25 cm diameter). Fish were 
individually placed in the inner tube during MET determination, during which the system 
was closed off from the recirculating system by articulating the valve assembly to capture 
a known volume of water. A YSI model 85 dissolved oxygen (DO) meter was used to 
measure DO concentration within the closed chamber. An adequate flow over the DO 
meter membrane was created with a small hose circuit attached between two valved hose 
connectors located at the top of the respirometer; flow in the circuit was powered by a 
peristaltic pump. 

Four randomly-selected flathead catfish were used at each temperature. Flathead 
catfish were fasted for 1 d before each MET measurement to avoid elevated oxygen 
consumption from food digestion and processing (Bajer 2005). Fish were weighed and 
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measured and then placed in the inner tube and left to acclimate in the chamber for 1-2 h 
at low temperatures (1 9 "C and below) and 4-8 h at higher temperatures (21 "C and over) 
because of increased activity levels during transfer at the higher temperatures. After 
acclimation, DO levels were recorded every 5 min for 1-2.5 h until DO dropped by at 
least 0.2 mg L". Oxygen consumption during experiments was obtained for each fish by 
subtracting the final DO concentration from the initial value. Specific daily oxygen 
demand (g 02 g" 6') for each fish was calculated by multiplying the oxygen 
consumption (g L-') by the water volume of the chamber and DO circuit (L), which was 
then standardized by the weight of fish (g) and scaled by the time of experiment (h). This 

-1 -1 value was then converted to specific daily caloric demand (g prey g d ) by using the 
oxy-caloric multiplier of 3,280 cal g/@ (Whitledge et al. 2002). Finally, MET (g g" d-') 
was determined by dividing specific daily caloric demand by the caloric density of 
fathead minnows, 706 cal/ga. Differences in MET among the temperatures were also 
tested using ANOVA followed by Tukey's HSD test. Data were log-transformed prior 
analysis to meet the assumptions of normality and homogeneity of variance. 

RESULTS 
Mean, weight-adjusted specific daily consumption by juvenile flathead catfish 

provided ad libitum rations, increased with increasing temperature, significantly 
increased at 19 "C, and remained elevated up to 32 "C. Fish rarely ate below 15 "C, most 
stopped feeding at 1 1 "C, and no fish consumed anything at 7 OC or below. Individual 
weight-adjusted consumption rates ranged 0-4.37 % of body weight d-' (Table 1) and was 
more variable at higher temperatures. Mean weight-adjusted consumption rates of the test 
fish ranged 0-2.15 % of body weight d" over the test temperatures (Table 1). 

Specific daily metabolic demand (MET) generally increased with increasing 
temperature (Fig. 1). The gradual increasing trend resulted in only the extremes of the 
range being significantly different (i.e., mean MET was significantly higher at 26,29, and 
32 OC than at 3 "C). Mean MET was highest at 29 "C (1.7% body weight d-'), but was 
heavily influenced by an individual with a high recorded MET value (4.2% body weight 
d-'1. 

DISCUSSION 
This study documented, at least in respect to feeding and resting metabolism, that 

the flathead catfish is indeed correctly described as a warmwater species. The results 
presented here are the first quantitative laboratory tests of C,, and MET for juvenile 
flathead catfish of which we are aware. Temperature effects consumption rate by 
influencing digestion, metabolism, egestion and excretion, and swimming speed 
(Hartman and B m d t  1995). Energy costs increase exponentially over the temperature 
niche for a given species, but maximum consumption typically increases to a peak (or a 
plateau) and then declines over the range of temperatures a species can tolerate (Jobling 
1993, Zweifel et al. 1999). Therefore, declining maximum consumption after its peak or 
even a plateau indicates a temperature threshold beyond which growth starts to be 
constrained irrespective of food availability. 

Maximum consumption of flathead catfish remained elevated over 19-32 T, a 
range of temperature descriptive of a eurythermal species adapted to warmwater 
conditions. Maximum consumption similarly peaked, but then declined beyond 26 O C ,  for 
the warmwater largemouth bass (Micropterus salmoides), and consumption of the 
coolwater smallmouth bass (Micropterus dolemieu) was reduced beyond 22 "C (Zweifel 

a Sample tested by NP Analytical Laboratories, St. Louis, Missouri 

D
ow

nl
oa

de
d 

by
 [

V
ir

gi
ni

a 
T

ec
h 

L
ib

ra
ri

es
] 

at
 1

1:
33

 0
6 

A
pr

il 
20

15
 

Joey
Highlight



et al. 1999). For comparison with a classic stenotherrnal coldwater species, Hartman and 
Sweka (200 1) reported that brook trout (Salvelinusfontinalis) consumption declined 
dramatically above 2 1 "C. 

Table 1. Mean daily consumption rates of flathead catfish fed ad libitum rations of 

Fish 
ID 

1 -A 
2-A 
2-B 
4-B 
5-A 
5-B 
6-A 
6-B 

Mean 

1 -A 
2-A 
2-B 
4-B 
5-A 
5-B 
6-A 
6-B 

Mean 

1 -A 
2-A 
2-B 
4-B 
5-A 
5-B 
6-A 
6-B 

Mean 

I -A 
2-A 
2-B 
4-B 
5-A 
5-B 
6-A 
6-B 

Mean 

fathead minnows at- nine test temperatures. 
Mean consumption Mean consumption 

Wet Weight- Wet Weight- 
weight adj. % body Fish weight adj. % body 

(g) gld weight ID (8) gld weight 
Temperature 3 OC Temperature 19 O C  

370.1 0.0 0.00 1-A 385.1 1.2 0.35 
100.3 0.0 0.00 2-A 99.1 1.0 0.74 
286.9 0.0 0.00 2-B 269.6 3.2 1.18 
435.0 0.0 0.00 4-B 421.7 6.2 1.68 
183.1 0.0 0.00 5-A 207.7 2.3 1.02 
172.5 0.0 0.00 5-B 177.3 1.4 0.69 
371.9 0.0 0.00 6-A 379.5 2.1 0.61 
190.1 0.0 0.00 6-B 199.0 1.4 0.64 
263.7 0.0 0.00 Mean 267.4 2.4 0.86 

Temperature 7 O C  Temperature 23 O C  

371.3 0.0 0.00 3-B 239.5 2.5 0.98 
99.3 0.0 0.00 5-A 209.3 4.3 1.89 

283.4 0.0 0.00 6-A 443.3 10.2 2.67 
433.4 0.0 0.00 6-B 218.4 2.0 0.85 
181.9 0.0 0.00 14-A 300.7 12.8 4.37 
171.6 0.0 0.00 Mean 282.2 6.4 2.15 
371.4 0.0 0.00 Temperature 26 O C  

188.6 0.0 0 .OO 3-B 224.1 2.0 0.82 
262.6 0.0 0.00 5-A 224.3 3.6 1.50 

Temperature 1 l OC 6-A 462.2 9.9 2.53 
379.5 0.0 0.00 6-B 226.0 3.9 1.64 
102.0 0.0 0.00 14-A 353.1 10.9 3.33 
290.4 0.2 0.07 Mean 297.9 6.1 1.96 
437.8 0.0 0.00 Temperature 29 O C  

187.0 0.1 0.05 3-B 241.8 4.0 1.57 
172.4 0.0 0.00 5-A 222.9 4.4 1.87 
372.0 0.2 0.06 5-B 214.0 1.4 0.61 
188.6 0.0 0.00 6-A 487.0 9.7 2.37 
266.2 0.1 0.02 6-B 241.1 3.9 1.56 

Temperature 15 O C  7-B 222.7 2.7 1.15 
381.1 0.3 0.09 14-A 355.2 8.8 2.67 
116.4 0.4 0.26 Mean 283.5 5.0 1.69 
286.3 1.3 0.46 Temperature 32 O C  

442.8 0.8 0.2 1 3-8 253.9 2.4 0.93 
189.1 0.9 0.42 5-A 223.9 1.8 0.77 
172.4 0.0 0.00 5-B 212.3 0.6 0.26 
376.0 0.5 0.15 6-A 51 1.0 8.2 1.93 
192.8 0.0 0.00 6-B 267.6 7.0 2.58 
269.6 0.5 0.20 7-B 222.7 2.0 0.86 

14-A 381.6 4.2 1.22 
Mean 296.1 3.7 1.22 
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Consumption of minnows was rare below 15 "C, and feeding completely ceased 
during 3 and 7 OC test periods. Reduced consumption at cold temperatures has been 
reported for other warmwater species as well. Juvenile striped bass (Morone saxatilis) 
ceased feeding at 6-8 O C  (Hartman and Brandt 1995) and channel catfish (Ictaruiur 
punctahts) consumption was significantly lower at 15.7 "C than at higher temperatures 
(Buentello et ai. 2000). These are in contrast to results of Hartman and Sweka (2001), 
who documented that brook trout still consumed prey at 6 O C .  Our result suggests that 
consumption of flathead catfish should be minimal during the coldest months in many 
native and introduced populations but that southern latitudes in its range may experience 
feeding year-round. 

Flathead catfish (juveniles in particular) are noted as one of the fastest growing 
freshwater fish in North America based on length-at-age data (Jackson 1999). It is 
interesting, then, that the percent of body weight consumed was in line with and slightly 
lower than reports of other predatory species, including smallmouth and largemouth bass 
(Zweifel et al. 1999), walleye (Sander vitreus; Galarowicz and Wahl 2003) and white 
crappie (Pornoxis annularis; Zweifel2000, Bajer 2005). The large range of temperatures 
over which flathead catfish can feed at an elevated rate perhaps more so than the 
magnitude of that rate may account for the documented fast growth of this voracious 
predator. The literature is lacking in reports of C,,, for ictalurids, so our comparisons are 
with more distantly related taxa. Further, our flathead catfish were collected from their 
northern range of distribution (i-e., Minnesota), and populations at the southern range 
may feed at different rates. Galarowicz and Wahl (2003) showed that walleyes from the 
southern populations consumed more prey than northern individuals. Future work should 
investigate consumption demand of more closely related species such as channel catfish 
(Ictalurus punctatur) and blue catfish (Ictalurus.fircatus) and from populations 
representative of the latitudinal clines in the species range (Shuter and Post 1990, 
Galarowicz and Wahl 2003). 

Metabolic demand for flathead catfish generally increased with increasing 
temperature. This was similar to the findings of Whitledge et al. (2002) for smallmouth 
bass, although others reported an exponential increase in MET with increasing 

5 3 7 11 15 19 23 26 29 32 

Temperature ("C) 

Figure 1. Mean (-I SE) specific daily metabolic demand of flathead catfish at nine test 
temperatures. N = 4 for each temperature. Mean values denoted by the same 
alphabetical letters were not significantly different according to Tukey's 
HSD test. Statistical test performed on log-transformed data, but raw values 
are plotted here. 
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temperature for other species (Kitchell et al. 1977, Jobling 1993). It has also been 
reported that MET became independent of temperature near upper temperature tolerances 
(Cossins and Bowler 1987). Although MET values were not statistically different 
between 29 OC and 32 OC, there was a noticeable decline in MET from 29 "C to 32 OC. 
Hartman and Cox (2008) documented that metabolic rates of brook trout increased with 
temperature up to 20 "C and then sharply declined. MET typically decreases with 
increasing fish size (Jobling 1993, Whitledge et al. 2002, Hartman and Cox 2008); 
however, this relationship was not evaluated in this study due to the small sample size 
and limited ability to keep adult flathead catfish in the laboratory and size restrictions of 
the respirometer used. Future bioenergetic work with this species should focus on 
experiments including a larger size range of individuals. 

Because the consumption and metabolic demand values documented in this study 
represent laboratory conditions during which resting fish were feeding volitionally and 
presumably maximally, some caution needs be given when extrapolating to wild fish. 
Wild catfish may have to negotiate the stream current and engage in high metabolic cost 
activities such as extensive annual migrations (Vokoun and Rabeni 2005). Die1 
fluctuation in temperatures represents another unquantified factor effecting consumption 
and metabolic demand in the wild (Whitledge et al. 2002). Even acknowledging these 
caveats, our results will help to facilitate other management applications such as 
quantifying predation impact on forage and native species, contaminant bioaccumulation, 
and predicting responses to climate change and the potential for future range expansions. 
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