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ABSTRACT 

Sturgeon populations continue to decline because of damming of rivers (water diversion) 

and climate change. Both factors can affect the thermal profiles of the river, which can modify a 

species’ food resources. Studies on the stress response in sturgeon examine the impacts of a 

single stressor. The current study investigated the effects of food deprivation on the critical 

thermal tolerance (CTmax) and the physiology of shortnose sturgeon; the goal was to understand 

how fasting interacts with the physiological performance of sturgeon when challenged with a 

temperature stress. The CTmax and physiological responses of juvenile shortnose sturgeon fasted 

for one, three and seven days were investigated. CTmax did not change with increasing fasting 

levels. Plasma glucose, lactate and osmolality increased following thermal stress, but did not 

differ between different fasting periods. Overall, sturgeon can tolerate thermal stress well; 

however, the mechanism involved in thermal tolerance is unlikely related to nutritional status. 
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Introduction 

Sturgeon species have inhabited regions of North America for approximately 66-100 

million years (Billard & Lecointre 2001). Nearly all sturgeon are anadromous (Bemis & Kynard 

1997), which allows them to move freely between salt and freshwater habitats. Anthropogenic 

activities such as overfishing, damming and climate change have directly resulted in the decline 

of many sturgeon populations (COSEWIC 2005; Lee et al. 2016). Human activities also affect 

the distribution, quantity, and quality of sturgeon prey items (COSEWIC 2005). The presence of 

dams often modify water flow patterns within rivers, as well as cause changes in water quality 

and habitat conditions (e.g. food sources) of fish (COSEWIC 2005); changes in food resources 

subsequently can increase the competition between individuals for potentially limited resources, 

which could make any impact of food deprivation more prominent (Lessard & Hayes 2003; Cai 

et al. 2016). Additionally, fluctuations in temperature can also affect the spatial and temporal 

patchiness of aquatic food sources (Zeng et al. 2017). 

Feeding style and habitat requirements can vary significantly between adult and juvenile 

sturgeon. Dadswell et al. (1984) showed that adult shortnose sturgeon are selective feeders, 

where juveniles appear to be non-selective and have been found to have up to 90% of non-

digestible food items, such as rocks and gravel in their gut. Carrying an abundance of non-

digestible food items with little or no nutritional value could potentially lead to incidental 

fasting. The effects of fasting on fish energy reserves are wide-spread (Navarro et al. 1992; 

Navarro and Gutierrez 1995; Kieffer and Tufts 1998; Hoseini et al. 2013; Shrivastava et al. 

2017). Fasting in fish has been shown to reduce muscle energy reserves (Kieffer & Tufts 1998), 

metabolic rate (Aslop and Wood 1997; Gingerich et al. 2010), ammonia excretion rates 
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(Shrivastava et al. 2017), and body mass (McCue 2010) and elevate levels of glucose (Scarabello 

et al. 1991).  

While there are ample studies of the effects of fasting and starvation in bony fish (Black 

et al. 1966; Gingerich & Philipp 2010; Verhille et al. 2015; Cai et al. 2017), less research has 

been conducted on primitive and endangered fish, such as sturgeon (but see Gillis and Ballantyne 

1996; Verhille et al. 2015). Specifically, there is a lack of information pertaining to the basic 

hematological and biochemical responses to starvation in sturgeon (Kiessling et al. 1993; 

Falahatkar 2012). Of the 27 extant species, the shortnose sturgeon, Acipenser brevirostrum 

inhabits 25 segments of water on the east coast of North America, extending from the Saint John 

River (New Brunswick, Canada) to the St. John’s River (Florida, United States) (Dadswell 1979; 

National Marine Fisheries Service 1998). All populations of shortnose sturgeon are faced with 

increases in water as a result of climate change; the fact that shortnose sturgeon are an 

anadromous species (Bemis & Kynard 1997) may make them particularly susceptible to the 

effects of temperature changes during migration, both for feeding and reproduction.  

The thermal tolerance of various sturgeon species is fairly well understood (Ziegweid et 

al. 2008; Verhille et al. 2015; Spear and Kieffer 2016; Zeng et al. 2017), however, the combined 

effects of temperature on the relationship with other stressors is not as well described. While 

sturgeon can tolerate a variety of environmental conditions through plasticity in phenotypic traits 

(Zeng et al. 2017), such as cardiovascular and neuronal processes (Oufiero & Whitlow 2016), a 

change in some of these traits may play a role in a fishes ability to withstand the impacts of 

environmental stressors, including those of temperature changes (i.e. during migration, moving 

between fresh and brackish water).  

Since fasting and thermal tolerance influence a fish’s ability to withstand environmental 

stressors, understanding the relationship between the two variables is significant (Chatzifotis et 
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al. 2018). Recently, Verhille et al. (2015) demonstrated a weak, but significant effect of food 

restriction (fish fed 0.25, 05, 1.0 and 2.0% body mass per day) on the thermal tolerance patterns 

of green sturgeon; in contrast, Gilbert and Miles (2016) showed no relationship between fasting 

and thermal tolerance in the lizard, Urosaurus ornatus. These conflicting findings provide the 

rationale for the current study. Specifically, the objective of this study is to investigate whether 

various levels of fasting (1, 3, or 7 days) influenced the thermal tolerance, as measured using a 

standard critical thermal maximum (CTmax) test, of shortnose sturgeon. An overarching goal of 

the current study is to gain information regarding the relationship between periods of fasting and 

aspects of thermal tolerance, including the critical thermal maximum and secondary stress 

indicators (e.g., hematocrit, glucose, osmolality, chloride, protein). In addition, this study will 

further contribute to our understanding of the various factors (e.g. body size, acclimation 

temperature, heating rate, repeat thermal stress) that can influence the thermal tolerance in 

shortnose sturgeon (Zhang & Kieffer 2014; Zhang et al. 2017; Bard & Kieffer 2019). The 

CTmax for a fish fasted for one day, weighing ~130g should be between 30℃ and 32℃	(Zhang 

& Kieffer, 2014; Spear & Kieffer, 2016). A lower level of energy reserves with extended fasting 

(i.e. 3 or 7 days) should reduce the thermal tolerance of sturgeon; thus, there should be a lower 

CTmax when fish are fasted for longer periods. If a greater CTmax results in a greater stress 

response, then the levels of stress indicators (e.g., plasma lactate and glucose) should be higher 

in fish with a higher CTmax. Conversely, a decrease in secondary stress indicators should be 

expected in fish with a lower CTmax.  
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Materials and Methods 

Fish Culture and Husbandry 

 Shortnose sturgeon were obtained from Acadian Sturgeon and Caviar (Carter’s Point, 

New Brunswick Canada. The sturgeon were held in three, 1m diameter (160L) cylindrical flow-

through holding tanks at 15℃, until the desired sizes for experimentation were achieved (see 

below). While in these tanks, sturgeon were fed EWOS VITA Complete Fish Feed for Salmonids 

(43% protein, 14% fat) twice daily to satiation. Once the fish grew to approximately 130g, fish 

were assigned to one of three fasting groups: 1, 3 or 7 days. Two fish from each fasting group 

were placed in one of two identical, aerated 130L cylindrical flow-through tanks at 15℃ and 

held there for the appropriate fasting period. Fish mass (to the nearest gram) was obtained prior 

to placing fish in the holding tank. The pair of fish in the fasting tanks had different body 

markings and features (e.g., fin shape, colour of body, length) for easy identification. One 

thermal tolerance experiment (see below for details of set-up and experiment) was conducted in 

the morning and one in the afternoon; experimental groups were alternated between fasting tanks 

to account for possible tank effects. The University of New Brunswick Animal Care Committee 

approved the following experimental protocol, meeting Canadian Council of Animal Care 

guidelines.  

Experimental Design 

 The CTmax procedure followed the general protocol outlined in Zhang and Kieffer 

(2014) and Spear and Kieffer (2016). The thermal tolerance (CTmax) experiments were 

performed in a rectangular, insulated tank (test arena), filled with approximately 30L of 15℃ 

fresh, de-chlorinated water. An elevated heating tank (45 by 56cm) was located beside the test 
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arena and equipped with a 1000W heater (Pentaire Aquatic Ecosystems, Florida, USA) and air 

diffusers (Pentair Aquatic Ecosystems, Florida, USA). The heater was programmed to increase 

the temperature of the water by ~8℃ per hour (Mean (±SE) =8.3 ±0.05). This heating rate was 

consistent with those used in previous studies (Spear and Kieffer 2016; Zhang et al. 2017). Water 

flowed from the heating reservoir to the test arena, and back to the heating reservoir via a 

submersible pump (Logilo Systems, Denmark) to maintain the temperature of the setup. A black 

perforated plexiglass shield isolated the submersible pump from the test arena. Electronic 

temperature probes (Logilo Systems, Denmark) were inserted on both ends of the test arena to 

record the temperature within the test tank. 

CTmax Test Design 

Following the completed period of fasting (i.e. 1, 3 or 7 days), one sturgeon (N=8 for 

each fasting period) was placed in the test arena at a time at 15℃, for one hour to recover from 

handling stress (Zhang & Kieffer, 2014; Spear & Kieffer 2016; Bard & Kieffer 2019). The fish 

was then exposed to a thermal stress (or not, in the case of control fish), by increasing the 

temperature at a constant rate by 8℃ per hour. Temperature was recorded prior to heating, and 

every 10 minutes throughout the thermal test. Loss of equilibrium as an endpoint is indicated 

when the fish rolled dorso-ventrally and is unable to right itself within 10 seconds (Ziegweid et 

al. 2008; Spear & Kieffer 2016; Bard & Kieffer 2019). Individuals were manually righted three 

times to ensure the fish had reached its CTmax (Spear & Kieffer 2016; Bard & Kieffer 2019). 

Water temperature was measured in the test arena throughout the trials, until the third incidence 

of LOE, at which point the CTmax was recorded. At the point of CTmax, fish were anaesthetized 

with a buffered TMS solution (250mg L'( tricaine methanesulfonate buffered in NaHCO*). Once 

fully anaesthetized (lack of ventilation and no response to touch), the sturgeon was removed 
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from the anaesthetic bath, weighed, and measured for length. It was blotted dry, weighed (nearest 

gram), length was taken (nearest cm), and a blood sample was obtained. The percent (%) mass 

loss of the fish was calculated using the following formula: % mass loss= 100-[(100 x final 

mass)/initial mass]. To acquire a blood sample, a lithium-heparinized needle was inserted in the 

caudal vasculature. For the control (N=6 fish per fasting group), fish were introduced to the test 

arena for three hours (i.e. the time to complete a typical CTmax test; Zhang and Kieffer 2014) 

and were sampled as noted for the other experimental groups. Fish from this group served as a no 

thermal stress control. Following blood sampling, the fish gastrointestinal tract was removed, 

and contents of the stomach and intestine were analyzed to determine if any food was present 

across the fasting periods. After the completion of each individual trial, the test arena was 

drained, cleaned, and refilled with de-chlorinated water at 15℃.  
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Table 1. Mean (±S.E.) total length, and initial and final mass of shortnose sturgeon fasted for 1, 
3 and 7 day periods. 

Fasting duration and 
condition 

Variable Mean Standard 
Error 

Sample 
Size (N) 

1 day fast (thermal 
stress) 

 

Initial mass (g) 
Final mass (g) 
Length (cm) 

 

140.5 
135.9 
31.9 

 

 
3.5 
3.2 
0.2 
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1 day fast (no thermal 
stress) 

 

Initial mass (g) 
Final mass (g) 
Length (cm) 

 

131.2 
126.2 
30.9 

 

4.6 
4.4 
0.2 

6 
 

3 day fast (thermal 
stress) 

 

Initial mass (g) 
Final mass (g) 
Length (cm) 

 

127.9 
122.0 
31.0 

 

6.3 
6.3 
0.5 

8 
 

3 day fast (no thermal 
stress) 

 

Initial mass (g) 
Final mass (g) 
Length (cm) 

 

134.8 
127.0 
30.7 

 

7.4 
5.9 
0.9 

6 
 

7 day fast (thermal 
stress) 

 

Initial mass (g) 
Final mass (g) 
Length (cm) 

 

132.4 
126.9 
32.1 

 

11.6 
10.9 
0.7 

8 
 

7 day fast (no thermal 
stress) 

Initial mass (g) 
Final mass (g) 
Length (cm) 

131.3 
120.0 
31.2 

5.1 
5.0 
0.3 

6 
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Blood Analysis 

The blood sample was placed in a 1.5 mL centrifuge tube. Approximately 100uL of the 

whole blood was used for duplicate hematocrit determination (Zhang and Kieffer 2014). The 

remainder of the blood was then centrifuged for two minutes at 6700g, and the resulting plasma 

was pipetted into labeled tubes and frozen at -20℃	for further testing. Plasma glucose levels 

were measured using a glucose meter (OneTouch Ultra 2; Code 25 test strips; www.onetouch.ca; 

Penny and Kieffer 2014). Plasma protein concentrations were measured by a standard 

colorimetric assay at 540 nm wavelength (Total Protein Reagent, Buiret Method & Protein 

Standard Set P5495; Sigma; www.sigmaaldrich.com; Penny and Kieffer 2014). Plasma lactate 

concentrations were measured using a standard spectrophotometric assay at 540nm wavelength 

(Lactate Reagent 735-10, Lactate Standard Solution 826-10 & Lactate Standards Set 735-11; 

Trinity Biotech; www.trinitybiotech.com; Zhang and Kieffer 2014; Bard and Kieffer 2019). 

Plasma osmolality was measured using a micro-osmometer (3300 micro-osmometer, Advanced 

instruments) and appropriate standards. 

Statistical Analysis 

 Statistics were analyzed using SIGMASTAT 3.5 software (www.sigmaplot.com). 

Normality for all variables was evaluated using the Shapiro-Wilks test. Critical thermal 

maximum values were compared between groups (1, 3 and 7 days of fasting) using a one-way 

ANOVA and a linear regression. The mean blood parameters were compared between conditions 

(thermal stress versus no thermal stress) and fasting level (1, 3 or 7 days of fasting) and their 

interaction using two-way ANOVAs. When the ANOVA results were significant, a Holm Sidak 

(𝛼= 0.05) multiple comparison test was used to compare mean blood parameter values between 

the various groups. Tank effect within each fasting period was assessed using a t-test. 
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Results 

CTmax 

 There was no effect of holding tank on mean CTmax values within each fasting period (t-

test; P>0.1). Mean CTmax values were variable and did not differ significantly between fasted 

groups of sturgeon (one-way ANOVA between groups. P>0.05, linear regression; P=0.550). The 

CTmax values of sturgeon fasted for one, three and seven days were 30.6, 30.1 and 30.9℃, 

respectively (Figure 1).  

Percent Mass Loss 

 Percent mass loss in control, non-thermally stressed fish varied between groups and 

ranged from 3.8% to 8.7% (Figure 2). The greatest mass loss in thermally stressed fish occurred 

at 7 days (one-way ANOVA, P>0.05). In contrast, percent mass losses in thermally stressed fish 

were consistent and ranged from 3.3% to 4.7% (Figure 2). There was a significant difference in 

percent mass loss between control and thermally stressed fish at seven days.  

Glucose and Protein 

Mean glucose concentrations (mmol/L) did not differ significantly among thermally 

stressed groups across different fasting levels (one-way ANOVA; P=0.163) (Figure 3a). Fasting 

time had a significant effect on the control glucose levels, with levels in the day 3 and day 7 

fasted groups being lower than fish fasted for one day (Figure 3a). Compared with thermally 

stressed fish, glucose levels in control fish were significantly lower across all fasting periods 

than noted in stressed fish (2-way ANOVA; P>0.05).  
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Mean protein concentration was consistent across all groups and between thermally 

stressed and control fish (Figure 3b). Mean protein concentration for all fish combined was 

approximately 27 ug/ml).  

Secondary Stress Response 

 Lactate levels increased significantly following thermal stress in all fish, however mean 

lactate concentration (mM) did not differ significantly between thermally stressed fasted fish and 

averaged about 4.2 mM (Figure 4a). Lactate levels were very low (<0.5mM) in control fish; there 

were significant differences in lactate between thermally stressed and control fish across all 

fasted groups (2-way ANOVA, P<0.05; Figure 4a).  

 Thermal stress increased plasma osmolality relative to non-stressed fish (2-way ANOVA, 

P<0.05) Mean osmolality significantly increased following a thermal stress after one day of 

fasting (Figure 4b). Plasma osmolality was not significantly different across fasting times in 

thermally stressed fish (Figure 4b). In contrast, plasma osmolality was found to be lower at 3 and 

7 days of fasting relative to 1 day of fasting (Figure 4b).   

 Overall, mean hematocrit (HCt) was higher in thermally stressed fish relative to non-

stressed fish (2-way ANOVA, P<0.05). Mean hematocrit did not differ significantly between 

thermally stressed groups, or between control groups (Figure 4c)  

Gut Content 

 While analyzing the gut contents, it was observed that fish that were fasted for longer 

periods of time had no food in their intestine; the majority had a green coloured liquid. Fish 

fasted for one day had no pellets in the gut but showed evidence of food in the intestine. 

Intestinal contents of fish fasted for one day was not identified as pellet, but rather as a yellow 

slime, of thicker consistency. As fasting continued, there was less liquid found in the gut. Fish 
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fasted for three days demonstrated a yellow coloured slime in their gut. The intestinal contents of 

non-thermally stressed fish mirrored that of thermally stressed fish. 
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Figure 1. Mean critical thermal maximum (CTmax) values of individual shortnose sturgeon 
(Acipenser brevirostrum) fasted for one, three or seven days, acclimated to 15℃. 
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Figure 2. Mean (±SE) percent (%) mass loss of shortnose sturgeon (Acipenser brevirostrum) 
fasted for one, three or seven days, in the control group (n=6) and thermally stressed groups 
(n=8). Different lowercase letters represent significant differences between non-thermally 
stressed groups, and different uppercase letters represent significant differences between 
thermally stressed groups. Asterisks (*) represent a significant difference between the control 
group and the thermally stressed group. 
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Figure 3. Mean (±SE) (a) glucose (mmol/L) and (b) protein concentration (ug/ml) of shortnose 
sturgeon (Acipenser brevirostrum) fasted for one, three or seven days, acclimated to 15℃ in the 
control group (n=6) and thermally stressed group (n=8). Different lowercase letters represent 
significant differences between control, non-thermally stressed groups, and different uppercase 
letters represent significant differences between the control group and the thermally stressed 
group, within a fasting group. 
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Figure 4. Mean (±SE) (a) lactate (mM), (b) osmolality (mOsm/kg) and (c) percent 
hematocrit (%) of shortnose sturgeon (Acipenser brevirostrum) fasted for one, three or 
seven days, acclimated to 15℃ in the control group (n=6) and thermally stressed group 
(n=8). Different lowercase letters represent significant differences between non-thermally 
stressed groups, and different uppercase letters represent significant differences between 
thermally stressed groups. Asterisks (*) represent a significant difference between the 
control group and the thermally stressed group. 
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Discussion 

 It is known that several factors affect the CTmax of shortnose sturgeon, including: 

acclimation temperature (Ziegeweid et al. 2007; Zhang & Kieffer 2014), and body size 

(Ziegweid et al. 2007; Zhang & Kieffer 2014). The results from the current study and those for 

green (Acipenser medirostris) and white sturgeon (Acipenser transmontanus) on the effects of 

food deprivation and fasting on thermal tolerance (Verhille et al. 2015; Lee et al. 2016) is less 

clear. The present study demonstrates that CTmax values for shortnose sturgeon fasted for 1, 3 

and 7 days are comparable to previous studies involving only one day of fasting (Zhang & 

Kieffer 2014; Spear & Kieffer, 2016; Bard & Kieffer 2019), and suggest that fasting up to 7 days 

does not impact thermal tolerance of shortnose sturgeon. Studies on green and white sturgeon fed 

limited rations (i.e., food limitations) reveal mixed findings on the impact of nutritional 

deprivation on thermal tolerance. (Verhille et al. 2015; Lee et al. 2016). Specifically, Verhille et 

al (2016) showed that CTmax decreased with increasing feed ration in juvenile green sturgeon; 

however, the difference in CTmax between fish fed 0.25% body mass per day and fish fed 2% 

body mass per day for two weeks was 0.4℃. Gilbert et al. (2016) found no relationship between 

fasting time and thermal tolerance of lizards (Urosaurus ornatus), deprived of food for up to 13 

days. Lee et al. (2016) found a significant effect of thermal tolerance on nutritional 

deprivation/limitation for green and white sturgeon fed at 50% of their optimal feeding rate, but 

not at other rations. The available data for ectothermic species therefore suggests that nutritional 

status may be less important than other factors, such as acclimation temperature, as a limiting 

factor to explain patterns of thermal tolerance in fish. It is possible that the duration of the 

fasting/food deprivation in the current and published studies isn’t severe (i.e., long enough) to 

affect thermal tolerance.  
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To further understand the effect of fasting on thermal tolerance in sturgeon, a pilot study 

in which juvenile (~125g) Atlantic sturgeon (Acipenser oxyrinchus)were fasted for up to 26 days 

at temperatures ranging from 14.1-16.3℃ prior to being exposed to a CTmax test. A multiple 

linear regression revealed that a combined effect of fasting and temperature influenced the 

CTmax (P=0.013); however, the multiple linear regression indicated that days of fasting alone 

did not account for the ability to predict CTmax (P=0.801). Since acclimation temperature 

affects CTmax in sturgeon (see Zhang and Kieffer 2014), the small 2.2℃ difference in 

acclimation temperature from the beginning to the end of the fasting period likely explained the 

slightly higher CTmax values found at the end of the experimental period. Thus, additional 

experiments with more defined and controlled temperature conditions are required to better 

understand the effects of fasting on thermal tolerance in sturgeon. 

 Due to the uncertainty of the direct mechanism that causes a fish to roll over at its critical 

thermal maximum point, further research is required. Some suggestions that have been made are 

failure of system-level neural processes (i.e. regulation of ventilation or brain circulation) 

(Lagerspetz 1974), failure to maintain muscle membrane potential (Hosler et al. 2000), and 

failure of cardiac function (Portner & Farrell, 2008). Although it has yet to be determined, 

nutritional deprivation does not appear to influence the mechanism involved in establishing 

thermal tolerance.  

Percent Mass Loss 

 Percent mass loss following stressors is not always provided following exposure to 

stressors in fish. This study noted an average percent mass loss of approximately 4% for 

thermally stressed fish and approximately 6% for non-thermally stressed fish following fasting, 

which is consistent with Gilbert and Myles’ (2016) study that demonstrated a percent mass loss 
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of between 7 and 9 percent in lizards fasted for thirteen days. These results demonstrate a 

substantial loss in mass following periods of complete food deprivation. Losses could represent 

food passing through the digestive system over time, shifts of water due to use of lipids during 

fasting (Smith 1981; Idler & Bitners 1958), or the loss of muscle tissue that could accompany 

fasting (Smith 1981). Non-thermally stressed control fish fasted for seven days demonstrated a 

percent mass loss of more than twice the amount than thermally stressed fish fasted for seven 

days. This drastic difference in percent mass loss between the two groups of fish at 7 days of 

fasting is not fully understood, but mechanisms surrounding water retention in the muscle during 

fasting and expulsion of water during thermal tolerance tests may help explain this. 

Hematological Response 

 Blood parameters were used to determine the magnitude of the secondary stress 

responses in fasted fish that were either exposed or not exposed to thermal stress. There was a 

secondary stress response associated with temperature stress but not fasting, as indicated by an 

increase in blood parameters following thermal stress, regardless of the fasting period. These 

results are consistent with the lack of a relationship between fasting and CTmax. Thermal stress 

lead to drastically elevated levels of lactate, in comparison to non-thermally stressed fish. This 

increase is likely explained by the utilization of anaerobic pathways (Spear & Kieffer 2016; Bard 

& Kieffer 2019). Anaerobic pathways are activated due to the overly high demands of aerobic 

metabolism (Zhang & Kieffer 2014), increased activity and decreased oxygen with increasing 

water temperatures, and no drastic changed in oxygen carrying capacity in the blood (Spear & 

Kieffer 2016). This increase in lactate levels is consistent with similar studies on sturgeon that 

have tested the effect of thermal stress on hematological responses (Spear & Kieffer 2016; Bard 

& Kieffer 2019).  
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 Thermal stress increases plasma glucose levels, which has been shown in previous 

studies on shortnose sturgeon (Zhang & Kieffer 2014; Spear & Kieffer 2016; Bard & Kieffer 

2019). The magnitude of difference between thermally stressed and non-thermally stressed 

groups was between 3.2 and 4.9 mmol/L, indicating a significant increase in glucose following 

thermal stress. Levels of plasma glucose decreased after three days of fasting, and remained 

stable for non-thermally stressed fish, however, levels did not significantly change for thermally 

stressed fish, regardless of the fasting length. The drop, followed by stabilization in glucose 

levels is likely due to the activation of energy reserves, which are reserved to fuel a number of 

tissues (Gillis & Ballantyne 1996). This result has been previously demonstrated by Gillis and 

Ballantyne (1996), who deprived lake sturgeon (Acipenser fulvescens) of food for 60 days and 

demonstrated that glucose levels were significantly lower after 10 days of fasting but showed no 

difference between fasted and fed fish for the remainder of the fasting period. 

 Plasma osmolality was not significantly different among thermally stressed and non-

thermally stressed groups, with the exception of fish fasted for one day. A 24-hour fasting period 

resulted in higher levels of osmolality for thermally stressed fish, and a significant difference in 

osmolality level between thermally stressed and non-thermally stressed fish. The decrease shown 

in three and seven day fasted control fish, followed by stability in levels of osmolality may be as 

a result of stabilization of energy reserves, which is an important strategy during starvation 

(Gillis & Ballantyne 1996). Though energy reserves may drop initially, the utilization of stored 

energy once entering starvation is a necessary survival strategy for fish (Gillis & Ballantyne 

1996). 

 As shown in various studies, plasma protein concentration is not affected by thermal 

stress (Zhang & Kieffer 2014; Spear & Kieffer 2016; Bard & Kieffer 2019). Fasting has been 

shown to have no effect on plasma protein as well, which was demonstrated in lake sturgeon by 
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Gillis and Ballantyne (1996). These findings are consistent with the current study, as levels of 

plasma protein remained constant regardless of length of fasting or the presence of thermal 

stress. 

 Hematocrit, an indicator of oxygen carrying capacity, has been previously shown to 

increase following thermal stress in shortnose sturgeon (Zhang & Kieffer 2014); however, this 

was not the case when fasting was introduced. Fasting, combined with thermal stress resulted in 

a constant oxygen carrying capacity throughout groups, indicating that the lack of change may be 

as a result of the activation and utilization of anaerobic pathways (Spear & Kieffer, 2016). 

 In conclusion, fasting, regardless of the duration used in the current study does not 

significantly impact the thermal tolerance of juvenile shortnose sturgeon. Shortnose sturgeon 

fasted for one, three or seven days responded similarly to other studies on shortnose sturgeon in 

terms of thermal tolerance and secondary stress indicators. Fasting may be more appropriate than 

feeding fish in limited rations because of the uncertainty present in the amount of food consumed 

by each fish when feeding. In terms of blood parameters, juvenile shortnose sturgeon were not 

significantly impacted by fasting, overall. Thermal tolerance had a substantial impact on levels 

of lactate, as expected, and all other secondary stress indicators fell within a typical range 

following a thermal tolerance test, regardless of the length of the fasting duration. It is not 

currently known what the driving force behind CTmax is, but it can be confirmed that it likely is 

not related to nutritional status; in the future, further testing needs to be performed to determine 

the driving force behind CTmax. It can be noted that fasting in cold temperatures is shown to 

have a greater effect on plasma insulin levels, insulin-link growth factor-I and thyroxine in coho 

salmon (Oncorhynchus kisutch) (Larsen et al. 2001). These effects of fasting and cold 

temperatures on plasma levels may also be present in shortnose sturgeon, and cold temperatures 

may make the effects of fasting may be more prominent. If the effect of fasting is more 
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prominent in cold water for shortnose sturgeon, this introduces great implications for sturgeon 

that may experience periods of nutritional deprivation during the winter months. Further research 

is required to determine if the effects of fasting on secondary stress response in cold 

temperatures is applicable to the blood parameters of shortnose sturgeon.



 

22 

 

Bibliography 

Alsop, D. H. & Wood, C. M. (1997). The interactive effects of feeding and exercise on  

oxygen consumption, swimming performance and protein usage in juvenile rainbow trout 

(Oncorhynchus mykiss). Journal of Experimental Biology. 200: 2337-2346. 

 

Bard, B. & Kieffer, J. D. (2019) The effects of repeat acute thermal stress on the critical  

thermal maximum (CTmax) and physiology of juvenile shortnose sturgeon. Canadian 

Journal of Zoology. In press. 

 

Bemis, W. E. & Kynard, B. (1997). Sturgeon rivers: an introduction to acipenseriform  

biogeography and life history. Environmental Biology of Fishes. 48: 167-183. 

 

Billard, R. & Lecointre, G. (2001). Biology and conservation of sturgeon and  

paddlefish. Reviews in Fish Biology and Fisheries. 10: 355-392. 

 

Black, E. C., Bosomworth, N. J. & Docherty, G. E. (1966). Combined effect of  

starvation and severe exercise on glycogen metabolism of rainbow trout, Salmo 

gairdneri. Journal Fisheries Research Board of Canada. 23(9): 1461-1463. 

 

Brett, J. R. (1971). Energetic responses of salmon to temperature. A study of some  

thermal relations in the physiology and freshwater ecology of Stockeye Salmon 

(Oncorhynchus nerka). Zoologist. 11: 99-113. 

 



 

23 

 

Cai, L., Johnson, D., Fang, M., Mandal, P., Tu, Z. & Huang, Y. (2016). Effects of  

feeding, digestion and fasting on the respiration and swimming capability of juvenile 

starlet sturgeon (Acipenser ruthenus, Linnaeus 1785). Fish Physiology and Biochemistry. 

43: 279-286. 

 

Chaztifotis, S., Clavero, S., Kounna, C., Soumalevris, A., Feidantsis, K. &  

Antonopoulou, E. (2018). Effects of long-term feed deprivation on body weight loss, 

muscle composition, plasma metabolites, and intermediate metabolism of meagre 

(Argyrosomus regius) under different water temperatures. Fish Physiol Biochem. 44: 

527-542. 

 

Comte, L. & Olden, J. (2017). Evolutionary and environmental determinants of  

freshwater fish thermal tolerance and plasticity. Global Change Biology. 23: 728-736. 

 

COSEWIC 2005. COSEWIC assessment and update status report on the shortnose  

sturgeon Acipenser brevirostrum in Canada. Committee on the Status of Endangered 

Wildlife in Canada. Ottawa. Vi + 27pp. (www.sararegistry.gc.ca/status/status_e.cfm). 

 

Dadswell, M. J. (1979). Biology and population characteristics of the shortnose  

sturgeon, Acipenser brevirostrum LeSueur 1818 (Osteichthyes:Acipenseridae), in the 

Saint John River Estuary, New Brunswick, Canada. Canadian Journal of Zoology. 57: 

2186-2210. 

 

 



 

24 

 

Dadswell, M. J., Taubert, B. D., Squiers, T. S., Marchette, D. & Buckley, J. (1984).  

Synopsis of biological data on shortnose sturgeon, Acipenser brevirostrum LeSueur 1818. 

NOAA Technical Report NMFS 14. 

 

Falahatkar, B. (2012). The metabolic effects of feeding and fasting in beluga Huso huso.  

Journal of Marine Environmental Research. 82: 69-75. 

 

Gilbert A. L. & Miles, D. B. (2016) Food, temperature and endurance: effects of food  

deprivation on the thermal sensitivity of physiological performance. Functional Ecology. 

30(11): 1735-1873. 

 

Gillis, T. E. & Ballantyne, J. S. (1996). The effects of starvation on plasma free amino  

acid and glucose concentration in like sturgeon. Journal of Fish Biology. 49(6): 1045-

1333. 

 

Gingerich, A. J., Philipp, D. P. & Suski, C. D. (2010) Effects of nutritional status on  

metabolic rate, exercise and recovery in a freshwater fish. Journal of Compatative 

Phyiologigy B. 180: 371-384. 

 

Hoseini, S. M. & Ghelichpour, M. (2013). Effects of pre-sampling fasting on serum   

characteristics of common carp (Cyprinus carpio L.). International Jounal of Aquatic 

Biology. 1: 6-13. 

 

 



 

25 

 

Hosler, J. S., Burns, J. E. and Esch, H. E. (2000). Flight muscle resting potential and  

species-specific differences in chill-coma. Journal of Insect Physiology. 46: 621-627. 

 

Hung, S. S. O., Liu, W., Li, H., Storebakken, T. & Cui, Y. (1997). Effect of starvation  

on some morphological and biochemical parameters in white sturgeon, Acipenser 

transmontanus. Journal of Aquaculture. 151: 357-363. 

 

Idler, D. R. & Bitners, I. (1958) Biochemical studies on stockeye salmon during  

spawning migration. II. Cholesterol, fat, protein and water in the flesh of standard fish. 

Canadian Journal of Biochemistry and Physiology. 36: 739-798. 

 

Kieffer, J. D., Wakefield, A. M. & Litvak, M. K. Juvenile sturgeon exhibit reduced  

physiological responses to exercise. Journal of Experimental Biology. 204: 4281-4289. 

 

Kieffer, J. D. & Tufts, B. L. (1998). Effects of food deprivation on white muscle energy  

reserves in rainbow trout (Oncorhynchus mykiss): the relationships with body size and 

temperature. Fish Physiology and Biochemistry. 19: 239-245. 

 

Kiessling A., Hung, S. S. O. & Storebakken, T. (1993). Differences in protein  

mobilization between ventral and dorsal parts of white epaxial muscle from fed, fasted 

and refed white sturgeon (Acipenser transmontanus). Journal of Fish Biology. 43(3): 

329-502. 

 

 



 

26 

 

Lagerspetz, K. Y. H. (1974). Temperature acclimation and the nervous system.  

Biological Reviews. 49(4): 477-514. 

 

Larsen, D. A., Beckman, B. R., & Dickhoff, W. W. (2001). The effect of low  

temperature and fasting during the winter on metabolic stores and endocrine physiology 

(insulin, insulin-like growth factor-I and thyroxine) of coho salmon, Oncorhynchus 

kisutch. General and Comparative Endocrinology. 123(3): 308-323. 

 

Lee, S., Hung, S. S. O., Fangue, N. A., Haller, L., Verhille, C. E. Zhao, J. & Todgham,  

A. E. (2016). Effects of feed restriction on the upper temperature tolerance and heat 

shock response in juvenile green and white sturgeon. Comparative Biochemistry and 

Physiology, Part A. 198: 87-95. 

 

Lessard, J. L. & Hayes, D. B. (2003). Effects of elevated eater temperature of fish and  

macroinvertebrate communities below small dams. River Research and Applications. 19: 

721-732. 

 

McCue, M. D. Starvation physiology: Reviewing the different strategies animals use to  

survive a common challenge. Comparative Biochemistry and Physiology Part A: 

Molecular & Integrative Physiology. 156: 1-8. 

 

National Marine Fisheries Service. 1998. Recovery Plan for the Shortnose Sturgeon  

(Acipenser brevirostrum). Prepared by the Shortnose Sturgeon Recovery Team for the 

National Marine Fisheries Service, Silver Spring, Maryland. 104 pages. 



 

27 

 

Navarro, I. & Guitierrez, J. (1995). Chapter 17 fasting and starvation. Biochemistry and   

Molecular Biology of Fishes 4: 393-434. 

 

Navarro, I., Guitierrez, J. & Planas J. (1992). Changes in plasma glucagon, insulin and  

tissue metabolites associated with prolonged fasting in brown trout (Salmo trutta fario) 

during two different seasons of the year. Comparative Biochemistry and Physiology Part 

A:Physiology. 102(2): 401-407. 

 

Oufiero, C. E. & Whitlow, K. R. (2016). The evolution of phenotypic plasticity in fish  

swimming. Current Zoology, 62(5): 475-488. 

 

Penny, F. M. & Kieffer, J. D. (2014). Oxygen consumption and haematology of juvenile  

shortnose sturgeon Acipenser brevirostrum during an acute 24 h saltwater challenge.  

Journal of Fish Biology. 84(4): 1117-1135. 

 

Portner, H. O. and Farrell, A. P. (2008). Ecology: physiology and climate change.  

Science. 322: 881-893. 

 

Scarabello, M., Wood, C. M. & Heigenhauser, G. J. F. (1991). Glycogen depletion in  

juvenile rainbow trout as an experimental test of the oxygen debt hypothesis. Canadian 

Journal of Zoology. 69(10): 2562-2568. 

 

 

 



 

28 

 

Shrivastava, J., Sinha, A. K., Cannaerts, S., Blust, R. & De Boeck, G. (2017). Temporal  

assessment of metabolic rate, ammonia dynamics and ion-status in common carp during 

fasting: A promising approach for optimizing fasting episode prior to fish transportation. 

Journal of Aquaculture. 481: 218-228. 

 

Smith, M. A. K. (1981). Estimation of growth potential by measurement of tissue  

protein synthetic rates in feeding and fasting rainbow trout, Salmo gairdnerii Richardson. 

Journal of Fish Biology. 19: 213-220. 

 

Spear, M.C. & Kieffer, J. D. (2016). Critical thermal maxima and hematology for  

juvenile Atlantic (Acipenser oxyrinchus Mitchill 1815) and shortnose (Acipenser 

brevirostrum Lesueur, 1818) sturgeons. Journal of Applied Ichthyology. 32: 251-257. 

 

Verhille, C. E., Lee, S., Todgham, A. E., Cocherell, D. E., Hung, S. S. O. & Fangue, N.  

A. (2015). Effects of nutritional deprivation on juvenile green sturgeon growth and 

thermal tolerance. Environmental Biology of Fishes. 99: 145-159. 

 

Williams, S. E., Shoo, L. P., Isaac, J. L., Hoffmann, A. A. & Langham, G. (2008).  

Towards an integrated framework for assessing the vulnerability of species to climate 

change. PLoS Biology, 6(12): 2621-2626. 

 

Zhang, Y. & Kieffer, J. D. (2014). Critical thermal maximum (CTmax) and hematology  

of shortnose sturgeons (Acipenser brevirostrum) acclimated to three temperatures. 

Canadian Journal of Zoology, 92: 215-221. 



 

29 

 

 

Zeng, L. Q., Fu, C. & Fu, S. J. (2017). The effects of temperature and food availability  

on growth, flexibility in metabolic rates and their relationships in juvenile common carp. 

Comparative biochemistry and physiology, 217: 26-34. 

 

Ziegeweid, J. R., Peterson, D. L. & Jennings, C. A. (2007). Thermal maxima for  

juvenile shortnose sturgeon acclimated to different temperatures. Environmental Biology 

of Fishes. 82(3): 299-307. 



 

 30 

Appendix 

 

 

 

 

 

 




