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Abstract

How does a beaver differentiate between a relative and a non-relative? Kin recognition and individuality in the North American beaver, Castor canadensis, appears to be genetically encoded in the animal’s anal gland secretions (AGS). This paper examines how such information is encoded. Gas chromatography and mass spectrometry were used to analyze AGS profiles among related and unrelated adult beavers. The AGS profiles of individual beavers were found to be the same regardless of time or location changes. Further, the variation within an individual’s AGS profile was smaller than between individuals. Hence, AGS is suitable for individuality characterization. Related individuals shared more similar features in their AGS profiles than did nonrelated individuals. Therefore, information about kinship and individuality is contained in the AGS profile. 

Introduction

Many animals mark their territory via scent markings. Beavers will construct scent mounds, composed of mud or grass, for this purpose. Beavers mark a scent mound within their territory by depositing secretions (“scents”) from the animal’s castor and/or anal glands. Castor gland secretions mix with urine to form what is known as castoreum (Walro & Svendsen, 1982). Both sets of glands, as well as the urethra, comprise the cloaca. It has been hypothesized that such scent markings serve to warn intruders to stay away (Müller-Schwarze & Heckman, 1980). However, more recent research (Sun & Müller-Schwarze 1998) supports the scent-matching hypothesis, which suggests that the presence of the scent alone provides insufficient information for an invader to assess territoriality. Instead, it is predicted that an intruder will match the scent to the signaler in a two-part process: (1) Identify the scent (signal) as familial or non-familial; and (2) Identify the resident beaver (signaler). 


Yet how does the beaver identify the signal or signaler as familial? Sun & Müller-Schwarze (1997) found that information about kinship in the beaver is genetically coded in the AGS but not in the castoreum. Subsequent research by the pair (Sun & Müller-Schwarze, 1998) sought to understand how the AGS information encoded for kin recognition. Their hypothesis contained two predictions: 1) within individuals, the compound abundances of the anal gland secretions would show little variation despite changes in time and location; and 2) the AGS variation between related individuals would be smaller than the variation among unrelated individuals. Low AGS variability within an individual would allow other relatives to consistently recognize them, while low AGS variability between relatives allows kin recognition regardless of spatial or time changes. Conversely, some variability between individuals is necessary to distinguish them as individuals. Lastly, in order for kin recognition to occur, similarities in AGS profiles between relatives would be important indicators of genetic relatedness.

Methods

From 1992–1995 beavers from Allegany State Park in New York were trapped using Hancock live traps. The beavers were anesthetized, sexed, and assigned to age classes based on body size and weight. They were also separated into two groups: related and nonrelated. Nonrelated individuals were defined as not having been related for 11 years or more. Secretion samples were separately milked from the right and left anal glands and care was taken to protect sample integrity. Secretions from the right gland only were used once insignificant variability was established between the right/left glands and amongst the males/females. The researchers used gas chromatography (GC) and mass spectrometry (MS) to characterize the AGS profiles (“profiles” is a general term used to identify the chromatograms). Identification of AGS compounds was not undertaken as it was not a focus of this study. Instead, compound abundance was analyzed according to GC retention time and mass spectra. Statistical analyses were performed to quantify the results.

Results

Statistical analysis determined that changes in location and time within individuals did not result in significant variation to their AGS profiles (Fig. 1). For example, some beavers were recaptured at different sites than the previous trapping (p = 0.3), or in different years (from one beaver: p = 0.498); their AGS profiles remained stable (p = 0.160). The variation between the right and left anal gland for females also appeared to be insignificant (p = 0.113, Fig. 1). For males the right/left anal gland variation was somewhat smaller, but not significantly different from the GC-MS variation (p = 0.963, Fig. 1). This indicates that the right and left anal glands share the same function for both males and females. Significant variation occurred when comparing the AGS profiles for related and unrelated individuals for both males (one-tailed t-test, t = 1.912, df = 38, p = 0.30) and females (t = 2.300, df = 14, p = 0.20, Fig. 2). In summary, changes in time or location did not significantly alter the AGS profiles of the beaver. Also, there was little variation between the function of the right and left anal gland for males or females. AGS variation did occur between related and unrelated beavers, and related beavers shared similar features (compound abundances) in their AGS profiles while unrelated beavers did not. 

Discussion

Using statistical analyses and figures, Sun & Müller-Schwarze (1998) provided evidence to support their hypothesis that 1) within individuals, the AGS profiles show little variation despite changes in time and location; and 2) AGS variation between related individuals is smaller than the variation among unrelated individuals. The authors also determined that the AGS profiles are important in kin recognition and individuality characterization. These findings make sense, since (a) if a beaver has a stable AGS profile, they can consistently be identified and characterized as an individual and as a related/nonrelated beaver; and (b) one would expect related beavers to share similar genetic markers. However, without a thorough background in statistics, it is difficult to fully understand their findings. Despite this setback, it appears the authors used sound scientific methods. They took care to keep the AGS samples on ice immediately after procurement from the beaver, and up until the samples were analyzed. They also reported that no decomposition occurred even after the samples were exposed to air at room temperature for several hours (Sun, unpubl. data). They presented a clear hypothesis and background information. They repeatedly calibrated the GC and MS instrumentation they were using, and they factored in instrument variation in their statistical analysis. The paper was not bogged down with verbosity nor lacking in information and the figures were clear and concise. However, they might have added a table containing a summary of their statistical results. Overall, they exhibited an insightful understanding of Castor canadensis, and I felt the paper was very well done.


In conclusion, this study by Sun and Müller-Schwarze suggests anal gland secretions are responsible for encoding information about kin recognition as well as individuality in Castor canadensis. It would be important for a beaver to recognize other relatives so that it would not expend energy by engaging in unnecessary conflict with them. As well, alliances might be formed with kin as a way to resolve conflict with intruders or secure territory. However, this idea would need to be examined further through research. From the point of view of natural selection, recognizing kin and avoiding conflict would also encourage the survival of related genes from generation to generation. Finally, the author’s work presents a more thorough understanding of how anal gland secretions differ in function from castoreum, the secretion that appears to code for territoriality. How these two secretions evolved to function separately may be another area of future research.
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