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to the annual period of post-spawning behavior exhib-
ited by blue suckers (Neely, Pegg, and Mestl 2010). De-
scribing univariate UDs across years requires comparing 
changes in both the size of the UD (i.e., the range in kilo-
meters) and the location (i.e., upper and lower RKM) of 
the UD. Paired t-tests were conducted using log10-trans-
formed data to determine if mean UD range in kilometers 
differed across the two years of the study. When regress-
ing the 2009 summer UD bounds against 2008 summer 
UD bounds, a slope (b)  =  1 would indicate that the loca-
tions of UD bounds were similar between the two years. 
How upper and lower bounds (i.e., 97.5th and 2.5th per-
centiles of detection RKMs within fish and year) vary be-
tween years provides a measure of fidelity to a location. 
Flow and temperature data from the USGS gauging sta-
tion at Sioux City, Iowa were used to characterize flow 
and temperature during the summers of 2008 and 2009. 
All data analyses were conducted using SAS statistical 
software (SAS Institute 2004), and significance was de-
clared at α  =  0.05. 

Results
Twenty-one of the 50 blue suckers were detected more than 
3 times in the summers of 2008 and 2009 (Table 1). Over 

two thirds (15) of the individuals in the summer detection 
data set made migrations of over 20 kilometers between the 
summers of 2008 and 2009. The ratio of females to males 
in the summer detection data set (female:male  =  7:14) 
did not differ significantly from what was expected based 
upon the original sample (female:male  =  19:31, χ2  =  0.13, 
df  =  1, P = 0.71), and no difference could be detected in 
the mean UD range by sex for 2008 or 2009 (2008: t = 1.04, 
df = 19 P = 0.31; 2009: t = 0.99, df = 19, P = 0.33). The av-
erage number of detect-ions per fish was higher in 2008 
(x = 18.1, SE = 0.68, n = 21) than in 2009 (x = 8.1, SE = 0.65, 
n = 21; t = 10.74, df = 40, P < 0.0001). Fewer detections per 
individual could bias UDs; however, we found no corre-
lation between the number of detections and UD range 
(r = 0.01, P = 0.95, n = 42). Use distributions were con-
centrated around RKM 970, the approximate location of 
release following implantation (Figure 2). The geometric 
mean 95% UD range was 1.9 RKM (SE = 1.4, n = 21) in 2008 
and 0.3 RKM (SE = 1.8, n = 21) in 2009, and differed by year 
(t = 2.68, df = 40, P = 0.01). Mean daily water temperature 
was, on average, 1oC warmer in 2008 than in 2009 (t = 3.12, 
df = 240, P = 0.002, Figure 3), and mean daily flows were 
significantly lower in 2008 than 2009 (t = 19.75, df = 197, 
P<0.0001, Figure 4). 

Figure 2. Ninety-five percent use distribution for twenty-one blue suckers from the Missouri River during the summers of 2008 and 
2009. The x-axis is ordered by Fish ID
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Table 1.  Range, upper bound and lower bound (kilometers) of 95% summer use distribution (UD) of telemetered blue suckers in 
the Missouri River for 2008 and 2009.

				    95% UD	 95% UD	 95%  
Unique			   Summer	 Summer 	 Summer	 Summer 
ID	 Sex	 Year	 Detections	 Lower Bound	 Upper Bound	 UD Range

611	 M	 2008	 20	 970.9	 973.2	 2.3
		  2009	 6	 971.1	 973.0	 1.9
613	 M	 2008	 19	 966.1	 971.9	 5.8
		  2009	 6	 970.9	 970.9	 0.0
615	 F	 2008	 22	 970.0	 971.1	 1.1
		  2009	 4	 970.0	 970.3	 0.3
616	 F	 2008	 18	 968.5	 970.9	 2.4
		  2009	 5	 969.1	 969.6	 0.5
617	 F	 2008	 21	 964.5	 971.1	 6.6
		  2009	 8	 927.1	 969.5	 42.3
618	 M	 2008	 19	 963.2	 968.0	 4.8
		  2009	 7	 967.7	 967.7	 0.0
620	 M	 2008	 19	 964.2	 970.0	 5.8
		  2009	 12	 968.5	 968.8	 0.3
621	 M	 2008	 20	 965.1	 968.8	 3.7
		  2009	 11	 967.1	 968.3	 1.3
623	 M	 2008	 19	 969.1	 970.0	 0.8
		  2009	 7	 969.1	 969.6	 0.5
624	 M	 2008	 21	 958.4	 960.0	 1.6
		  2009	 12	 958.8	 959.3	 0.5
628	 M	 2008	 11	 929.7	 932.0	 2.3
		  2009	 6	 930.8	 931.5	 0.6
629	 M	 2008	 10	 946.1	 956.3	 10.1
		  2009	 6	 954.0	 961.9	 7.9
631	 M	 2008	 19	 968.5	 969.0	 0.5
		  2009	 12	 968.3	 969.0	 0.6
635	 F	 2008	 18	 967.9	 969.5	 1.6
		  2009	 9	 967.7	 969.0	 1.3
638	 M	 2008	 19	 971.1	 971.6	 0.5
		  2009	 8	 971.1	 971.6	 0.5
640	 F	 2008	 18	 966.3	 974.9	 8.7
		  2009	 11	 969.6	 975.7	 6.1
641	 F	 2008	 20	 971.2	 973.2	 1.9
		  2009	 11	 971.1	 972.0	 1.0
643	 M	 2008	 17	 954.7	 971.6	 16.9
		  2009	 4	 970.9	 976.4	 5.5
647	 M	 2008	 13	 877.7	 1147.1	 269.4
		  2009	 4	 877.7	 877.7	 0.0
649	 M	 2008	 19	 972.2	 972.8	 0.6
		  2009	 8	 971.7	 974.8	 3.1
650	 F	 2008	 20	 970.6	 971.7	 1.1
 	 	  2009	 13	 970.6	 971.2	 0.6
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The upper bound of the 2008 95% UD (UDUB) ac-
counted for 96% of the variation in the upper bound of 
the 2009 95% UD (2009_UDUB = 21.7235 + 0.9777 * 2008_
UDUB, r2 = 0.96, P>0.0001, n = 20; (Figure 5)) and the slope 
did not differ from 1 (t = 0.48, df = 18, P = 0.64) indicating 
that blue suckers were using similar upper bounds in 2008 
and 2009. The lower bound of the 2008 95% UD (UDLB) 
accounted for 97% of the variation in the lower bound of 
the 2009 95% UD (2009_UDLB = 15.1749 + 0.9865 * 2008_
UDLB, r2 = 0.97, P>0.0001, n = 20; (Figure 6)) and the slope 
did not differ from 1 (t = 0.311, df = 18, P = 0.76).

Forty-seven of these 50 blue suckers were relocated at 
least once throughout the study. Undetected fish prob-
ably moved into tributaries. Blue suckers in this study 
were located by Neely et al. (2009) using the Big Sioux 
River (RKM 1,181). Additionally, the Platte River (RKM 
957) is a major tributary within 15 km of the area where 
site fidelity was concentrated and could be another area 
to where fish were lost. It is also possible that transmitter 
malfunction or battery expiration lead to researchers’ in-
ability to detect certain individuals.

Figure 3. Thermograph of the Mis-
souri River at the U.S. Geologi-
cal Survey gauging station at Sioux 
City, Iowa for June through Septem-
ber of 2008 and 2009. The x-axis is 
reported in “day of year” instead of 
day/month because 2008 was a leap 
year, therefore the day/month dates 
do not match between years. Day 
160 is 8 June and 9 June in 2008 and 
2009 respectively.

Figure 4. Hydrograph of the Missouri 
River at the U.S. Geological Survey 
gauging station at Sioux City, Iowa 
for June through September of 2008 
and 2009. The x-axis is reported in 
“day of year” instead of day/month 
because 2008 was a leap year, there-
fore the day/month dates do not 
match between years. Day 160 is 8 
June and 9 June in 2008 and 2009 
respectively.
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Discussion
We observed that the range of river kilometers used by 
blue suckers differed between years. However, the ap-
proximate location of those ranges within the Missouri 
River did not of-ten differ (Figure 2). Similarity in use 
distribution location from 2008 to 2009 indicates high 
site fidelity for blue suckers across years. Two thirds of 

the individuals undertook migrations of greater than 20 
RKMs and were able to home to the same areas from 
which they left over seven months prior. Neely, Pegg, and 
Mestl (2009) suggested that blue suckers were display-
ing fidelity to summer feeding areas across years when 
they noted that blue suckers returned to the area that they 
were implanted the year prior.

Figure 5. Relation of 2008 
95% summer UD upper 
bound (RKM) to 2009 sum-
mer UD upper bound for 20 
of the 21 telemetered blue 
suckers. One blue sucker 
(Unique ID 647) was an 
outlier with studentized re-
siduals greater than 2 and 
excluded from the analysis. 

Figure 6. Relation of 2008 
95% summer UD lower 
bound (RKM) to 2009 sum-
mer UD lower bound for 20 
of the 21 telemetered blue 
suckers. One blue sucker 
(Unique ID 647) was an 
outlier with studentized re-
siduals greater than 2 and 
excluded from the analysis.
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How animals use space to fulfill their biological re-
quirements is complex and likely includes characteristics 
of the environment (e.g., habitat stability, predictability 
of reproductive failure, variability of habitat quality, and 
population pressure) and characteristics of the individ-
ual like previous reproductive success, age, and knowl-
edge of other sites (Switzer 1993, Moyer, McCown, and 
Madan 2007). Switzer (1993) also suggests that, among 
other things, site fidelity is related to the cost of chang-
ing habitats, age, adult mortality, and habitat quality het-
erogeneity. Habitats used by migratory species during 
the summer can be critical feeding areas that enable fish 
to build energy reserves necessary for spawning and mi-
gration. Blue suckers are likely feeding heavily during 
the summer to build energy reserves for the fall migra-
tion (Moss, Scanlan, and Anderson 1983, Neely, Pegg, 
and Mestl 2009). Blue suckers feed mostly on aquatic lar-
vae and Neely, Pegg, and Mestl (2009) reported that tele-
metered blue suckers were detected within 10 meters of 
visible woody debris, to which aquatic larvae commonly 
attach, in 27% of early summer detections. Blue suckers 
may have selected and returned to the same habitats be-
cause they offer adequate food resources. Switzer (1993) 
also suggests that site fidelity should increase as habitat 
heterogeneity decreases. This is an interesting hypothe-
sis to consider when studying a fish in a system that was 
once very heterogeneous, but now, through anthropo-
genic modification, is relatively homogeneous. Any re-
sults that we present must be interpreted with the ca-
veat that blue suckers used for this study were living in 
a highly altered system. Without a comparable study 
conducted under reference conditions it is impossible to 
know the degree to which behaviors have been altered. 

Site fidelity has been documented for many riverine 
species including golden perch Macquaria ambigua (Crook 
2004), common carp Cyprinus carpio (Crook 2004), flathead 
catfish Pylodictis olivaris (Vokoun and Rabeni 2005), and 
razorback suckers (Tyus and Karp 1990). Many authors 
have focused on spawning site fidelity because of the ob-
vious implications for population structure and manage-
ment. Some of these authors have noted apparent fidelity 
to habitats used during the summer (Parsley, Popoff, and 
Wright 2008, Neely, Pegg, and Mestl 2009). Advances in 
tag life are now allowing researchers to conduct long term 
telemetry studies. These studies are finding intra-annual 
site fidelity to summer habitats are more common than 
originally thought. For example, Hurley, Hubert, and Nic-
kum (1987) reported homing behavior in 8 of 22 shovel-
nose sturgeon Scaphirhynchus platorynchus tracked in Pool 
13 of the Upper Mississippi River. Knights et al. (2002) 
documented lake sturgeon Acipenser fulvescens using core 
areas in the Mississippi River. Kieffer and Kynard (1993) 

found that shortnose sturgeon Acipenser brevirostrum use 
discrete river reaches for spawning, summering, and win-
tering and hypothesized that habitat selection was related 
to food abundance. Shortnose sturgeon exhibited move-
ments that Buckley and Kynard (1985) described as exact 
and directed between discrete areas. Pellett, Van Dyck, 
and Adams (1998) reported channel catfish Ictalurus punc-
tatus homing to summer habitats in the lower Wisconsin 
and upper Mississippi rivers. Flathead catfish were also 
documented to return to summering habitats in consec-
utive years (Daugherty, Bacula, and Sutton 2008). Buzby 
and Deegan (2000) documented similar inter-annual fidel-
ity to summer feeding sites in arctic grayling Thymallus 
arcticus. Each of the above species is similar to blue suck-
ers in the Missouri River in that they undertake spawning 
migrations and appear to have high fidelity to summer 
feeding sites. Our results also further confirm that migra-
tory species’ movement patterns are complex and include 
movement patterns beyond a single, annual event. Impli-
cations for not understanding these complex movements 
could range from a localized-individual to a population-
level response that would include decreased fitness or 
even extirpation as human actions continue to influence 
these altered systems.

Many of our observations parallel observations made 
by Buzby and Deegan (2000). We saw no upstream or 
downstream trends across years, and site fidelity did not 
appear to be related to gender. Buzby and Deegan (2000) 
also noted that a high degree of fidelity to summer feed-
ing sites increases a fish’s vulnerability to natural and an-
thropogenic disturbances. Future studies should focus on 
how modifications to the Missouri River habitat affect 
food availability and blue sucker distribution and move-
ments. This study highlights the important contributions 
that long- term telemetry studies can have when deal-
ing with species of conservation concern. Although sam-
ple sizes are typically small, long-term telemetry studies 
can contribute information that is otherwise unobtainable 
through other sampling methodologies. 
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