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monitoring many species, including river otters, and accounting for detection probability will 

improve estimation of occupancy. Furthermore, understanding the ecological factors and the 

scale important to river otter occurrence will be useful in identifying areas for restoration and 

management efforts. 
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reintroduced and expanding populations of river otters, particularly in the Midwest U.S. (Boege-

Tobin 2005).  

The goal of this research was to assess the distribution and habitat associations of river 

otters in Kansas and to evaluate the sign survey methodologies commonly used to study river 
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Introduction 

Sign surveys measure spatial patterns of an



Large-scale distribution and 







Study Area 

We conducted river otter sign surveys across the eastern third of Kansas (approx. 54,000 

km2) from the Missouri border running west to approximately Manhattan, KS (96.6°W), and 

between the borders with Nebraska and Oklahoma (Appendix A.1). The study area ranged in 

elevation from 204 m to 510 m and consisted of 5 Level III ecoregion classifications (Omernik 

1987), including the Central Irregular Plains in the east, Flint Hills in the west, and Western Corn 

Belt Plains in the north. The area is predomin



shoreline, depending on access to private lands. Surveys were conducted on one side of the 

shoreline either upstream or downstream of the start point, which was determined by landowner 



sites), for our assessment of observer effects on detection probability. All multi-observer surveys 

were conducted during the same day and observers 



We then used a multi-method model to analyze the detection probabilities for the 2 sign 

types (scat and tracks). Multi-method models allow detection probabilities to vary for different 

methods of observation (i.e., sign type) and estimate an additional parameter, �� (the probability 

that an individual is available for detection at the site, given it is present; Nichols et al. 2008). 





tracks could be affected by the stffeion appearctehighest in mud 



probability. Our overall detection probability was 0.337 for a 400-m survey; meaning that when 

the species was present it was detected about a third of the time. Two primary sources of bias in 

detection of animals or their sign are perception bias and availability bias (Alpízar-Jara and 

Pollock 1996). Perception bias occurs when the observer(s) fail to detect the animal or sign 

during a survey, whereas availability bias happens when the observer cannot see the object, such 

as in cases where it hidden (Alpízar-Jara and Pollock 1996, Anderson 2001, Martin 2007). Our 

results indicated the presence of both perception bias caused by observer differences and 

availability bias due to substrate type, sign type, and survey length, which influenced the 

probability of detecting river otters during sign surveys. 

Tracks had an overall detection probability that was almost 3 times lower than scat, 

which is cause for concern because track surveys are common for many species. Track surveys 

in dust and mud have been used for raccoon (Heske et al. 1999), mountain lion (



In our study, more uniform substrates such as mud allowed for greater visibility and had 

higher detections for scat. As with tracks, scat has been the focus of several otter surveys (Mason 

and Macdonald 1987, Swimley et al. 1998, Maxfield et





longer surveys with spatial and/or temporal replication, account for differences in substrate types 

and observers, and record both sign types. Our results may be used to help improve sign survey 

methodologies and to develop a standardized river otter survey protocol. A standardized protocol 

would allow for easier comparison of sign survey results and improve our understanding of the 

species occupancy rates and habitat associations at larger scales. Furthermore, our results could 

be applied to other species commonly sign surveyed and could be expanded to collect 

information on multiple species to provide more
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Figure 2.2.  The probability of detecting river otter scat and tracks varying by substrate type per 

400-m survey conducted in eastern Kansas, USA, 2008-2009. No tracks were found in snow. 

Error bars represent one standard error.  

  

 31



 
 

Figure 2.3.  



 
 





Introduction 

The North American river otter (Lontra canadensis) historically occupied most of North 

America (Toweill and Tabor 1982), but by the early 1900’s, overharvest, habitat loss, and water 

pollution reduced river otter populations to less than 33% of their historic range in the 

contiguous 48 states (Nilsson and Vaughn 1978, Toweill and Tabor 1982, Larivière and Walton 

1998). Concerns about population declines and extirpation of a species with ecological, 

economic, cultural, and aesthetic importance led many management agencies, including those in 

the Midwest, to initiate restoration programs in the 1980’s (Raesly 2001). Over the past 30 years, 

>800 otters from several regions have been released into Missouri, 159 in Nebraska, 14 in 

Oklahoma, and 17 in Kansas (Fleharty 1995, Shackelford and Whitaker 1997, Gallagher 1999, 

Bischof 2003). Reintroductions, immigration from neighboring areas, habitat improvement, and 

stringent harvest regulations are credited with the reestablishment of the species to 90% of their 

historic range in the U.S., making for one of the most successful carnivore reintroductions in 

history (Raesly 2001, Melquist et



about their current distribution and how local- and landscape-level habitat affects their 





densities has been shown to have a negative relationship with otter presence at regional and 

national spatial scales (Robitaille and Laurence 2002). Therefore, river otter distribution may be 

affected by land use and human disturbance at larger, landscape scales. 

A primary objective of this study was to determine the factors affecting river otter 

distribution in eastern Kansas at 2 spatial scales, a local scale 



of human disturbance, such as high road density and polluted waterbodies, and areas located far 

from possible source populations, such as Missouri and Oklahoma, which have harvestable river 

otter populations (Missouri Department of 



watershed indicated that river otters were using the watershed. Five hund< Tf
nty-nine tewatershs containusinthaleast oniver highe te



surveys to determine the detection probability (MacKenzie et al. 2006). Personnel conducting 

sign surveys were trained in sign identification for 1 day in the field before conducting surveys 

and only surveys conducted by experienced observers (surveyed 49-81 sites) were used for this 

analysis (see Chapter 2). Furthermore, only sign that observers recorded as being 75-100% 

certain otter sign was included in this



covariates, except the land cover variables which were left as proportions, and coded all 

categorical covariates (0 or 1) prior to analysis (Donovan and Hines 2007). 







Mud substrates (p = 0.600; SE 0.075) had the highest detection probability while litter (p = 

0.267; SE 0.037) and snow (



associated with latrine activity of the European otter (White et al. 2003). Furthermore, Bas et al. 

(1984) found that grazed land had fewer latrine sites for European otters which supports our 

conclusion that grasslands were associated with low river occupancy.  

Lower stream density, fewer waterbodies, and reduced shoreline diversity at the 







River otters appeared to be distributed throughout eastern Kansas. However, the highest 









Laitta, M. T., K. J. Legleiter, and K. M. Hanson. 2004. The National Watershed Boundary 

Dataset. Hydro Line: GIS for Water Resources. Summer:1-7. 

Lantz, D. E. 1905. Kansas mammals in their relation to agriculture. Kansas State College 

Experiment Station Bulletin 129:331-404. 

Larivière, S., and L. R. Walton. 1998. Lontra canadensis La1,ttaWalt3n. 200decline of ot(W). 1998. luTd
adensis



MacKenzie, D. I., and L. L. Bailey. 2004. Assessing the fit of site occupancy models. Journal of 

Agricultural, Biological, and Environmental Statistics 9:300-318. 

Mazerolle, M. J., A. Desrochers, and L. Rochefort. 2005. Landscape characteristics influence 



Pagano, A. M., and T. W. Arnold. 2009. Detection probabilities for ground-based breeding 

waterfowl surveys. Journal of Wildlife Management 73:392-398. 

Pearson, S. M. 1993. The spatial extent and relative influence of landscape-level factors on 

wintering bird populations. Landscape Ecology 8:3-18. 

Peek, M. 2005. 2004-2005 Furbearer harvest survey: performance report. Kansas Department of 

Wildlife and Parks. Internal Report, Pratt, Kansas, USA. 

Pitt, J. A., W. R. Clark, R. D. Andrews, K. P. Schlarbaum, D. D. Hoffman, and S. W. Pitt. 2003. 





U.S. Environmental Protection Agency. 2009. Impaired Waters and Total Maximum Daily 

Loads. <http://www.epa.gov/owow/tmdl/glossary.html#303dthreatenedimpairedwaters>. 

Accessed 17 July 2009. 

Waller, A. J. 1992. Seasonal habitat use of river otters in northwestern Montana. Thesis, 

University of Montana, Missoula, USA. 

Wang, L. Z., J. Lyons, P. Kanehl, and R. Gatti. 1997. Influences of watershed land use on habitat 

quality and biotic integrity in Wisconsin streams. Fisheries 22:6-12. 





Table 3.2.  r effects on river otter occupancy, eastern  



Table 3.3.  Set of candidate models considered to explain the probability of river otter 

occupancy (�%) and detection probability (p) at sites surveyed in eastern Kansas, USA, 2008 to 

2009.  

 Model structure* No. 
Model name �% p Parameters* 





 



 
Figure 3.2.  The probability of site occupancy stratified by the 7 otter units as estimated from 



 
Figure 3.3.  Relationships between the probability of river otter occupancy and the proportion of 

local-scale cropland, grassland, and woodland cover types as derived from the best fit model, 

eastern Kansas, USA, 2008-2009.  
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Figure 3.4.  Relationshia6004.1en probability of river otter occupancy and the z-transformed 

shoreline diversity (km/km2), stream density (km/km2), and waterbody density (count/km2) as 

derived from the best fit model, eastern Kansas, USA, 2008-2009.   



 

 Figure 3.5.  The probability of river otter occupancy pancty of rives survey by wacupbody size as 
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Site ID 
 

Easting Northing Waterbody name 
Stream 
order Public 

Survey 
length 
(m) 

Date(s) 
surveyed Otter sign 

D-55A 852700 4287157 Hillsdale L. R Yes 3600 
2400 

3/15/2008 
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Easting Northing Waterbody name 
Stream 
order Public 

Survey 
length 
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Date(s) 
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Appendix B - Encounter histories 

Table B.1.  All encounter histories for both sign types broken into 3-9 400-m surveys conducted 

per site (1,200-3,600 m) as collected during river otter sign surveys in eastern Kansas, USA, 

2008-2009. Sites in gray were used to compare observers but not used in the habitat analysis. A 

“0” indicates no detection, “1” indicates a detection, and “.” indicates the survey was missing. 









Table B.2.  Encounter histories for scat and tracks broken into 3-9 400-m surveys for otter sign 

surveys in eastern Kansas, USA, 2008-2009. A “0” indicates no detection, “S” indicates a scat 

detection, “T” a track detection, “ST” both detected, and “.” indicates the survey is missing. 



Survey Number 



Survey Number 
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Survey Number 
Site ID 1 2 3 4 5 6 7 8 9 Date Observer 
S-3F 0 0 0 0 0 0 0 0 0 3/10/2008 MJ 
S-5A S ST ST 0 ST S 0 0 0 2/28/2008 MJ 
S-5A T ST ST . . . . . . 3/16/2008 MS 
S-6C 0 0 0 0 . . . . . 2/6/2009 KB 
S-6C T T ST 0 . . . . . 4/5/2009 KB 
V-10A 0 0 0 0 0 0 . 0 


