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Abstract 

 

Dusky Salamanders are a varied group of sister taxa found in Northeastern North America. Two 

species, Desmognathus fuscus and Desmognathus ochrophaeus, have geographically overlapping ranges. 

In addition, they are very morphologically similar, share many niche requirements, and are found in 

extremely similar or even the same salamander communities. These shared traits have been posited to 

arise from the influence of niche conservatism during their species’ evolutions. Also, despite their 

physical similarities they are historically found not to hybridize on a large scale, nor have ever had a full 

population merge recorded. Therefore, it appears that the community ecology of these species does not 

seem to follow the ecological theory of Competitive Exclusion. This study consists of both an ecological 

and genetic survey to determine if there are any variables that separate both populations observed in the 

field. The hypothesis is that there will be a low instance of hybridization in both populations, and that 

there will be ecological differences associated with population densities where they overlap. Also, where 

they do overlap, I predicted that there was an observable benefit to both species that overrides their need 

for competition of resources. The results of this study were that the two distinct morphological groups 

observed shared identical haplotypes in the mitochondrial gene tested, showing a single population. In 

addition, it was also concluded that there was no statistical difference in the measured ecological variables 

for both morphologies, thus failing my hypothesis by both measures. This study took place in the Western 

Finger Lakes (NY) basin, within the wetland/stream around Canadice Lake.  
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Introduction 

Overview: 

Community ecology is a discipline that describes the interactions, resources, and history of all 

species living within an ecosystem. Primarily an amalgamation of biogeography, ecology, and 

phylogenetics, these disciplines together are used describe the mechanisms of how each co-existing 

species within a community came to be in its’ most current population state (Webb, 2002). In traditional 

ecology, species living together are known to interact on an individual level which then eventually 

accumulate up to the population level. Within a total community however, this is not enough to describe 

the relationships of whole populations interacting with each other. Such studies require ecological 

interactions and evolutionary processes, both past and current, to be observed in equal weight (McPeek. 

1996).  

This can be extremely difficult to achieve on both a theoretical and experimental basis, for a 

variety of reasons. The primary reason is the sheer magnitude of variables needed to study even one of the 

numerous species in a community. The most common variable groups include resources, behaviors, 

ecological history, morphology, environmental states, and species interactions (McPeek, 1996). This can 

be overwhelming to collect and analyze, and these are merely those variables for each species within the 

entire system. Known as the proximate approach, these are the variables working on community structure 

within what can be considered a closed system (Losos, 1996). Although it is easier to consider a 

community a closed system, neighboring systems are not mutually exclusive. Called the ultimate 

approach, this methodology encompasses the history and effects that make different communities distinct 

from each other (Losos, 1996). Variables can include the morphological, population, and intraspecific 

differences a species has in different communities (Losos, 1996). Another reason for the difficulties in 

studying community ecology is the multi-disciplinary approach that must occur to get an overall 

assessment of an ecosystem. The knowledge and skill base encompassing both classic field collection 

techniques as well as modern genetics and molecular technology is large and can be difficult to interpret 

together. In addition, due to modern genetics, past knowledge of phylogeny is shifting and changing. Both 
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the increasing accuracy of evolutionary analyses and the study of microevolution has only increased the 

diversification of taxa in the world (McPeek, 1996).  

These difficulties in studying Community Ecology is the reason I chose to focus on a singular 

aspect of the field with only two species. The concept I chose to study was the Competitive Exclusion 

Hypothesis, an ecological concept derived from the observations of Charles Darwin whilst studying 

related species and their niches (Violle, 2011). Known also as the phylogenetic limiting similarity 

hypothesis, Competitive Exclusion can be described as the tendency of closely related species having 

greater niche similarity leading to greater competition for resources (Violle, 2011). Per Violle (2011), this 

is a hypothesis that is commonly referenced and taught, but not often studied on its own merits. Related to 

this concept is another hypothesis labeled as Niche Conservatism, which describes tendency of a species 

to keep in alignment with their ancestral ecological characteristics (Wiens, 2005). This retention of 

ancestral traits has been directly linked to allopatric speciation, giving reason for higher similarities 

between sister taxa that occur geographically closer (Wiens, 2005).  

The organisms that I studied for this concept were two related species in the Desmognathus 

genus, named Desmognathus fuscus fuscus and D. ochrophaeus. They, and other Desmognathus taxa, 

developed through allopatric speciation during the last ice age (Kozak, 2006). Both D. fuscus and D. 

ochrophaeus have ranges overlapping in the Mid-Atlantic East Coast of the United States. Within this 

region, studies have recorded the presence of both species within the same locality (Karlin 1981, Rissler 

2002). This trend has also been noticed anecdotally by several local herpetologists and naturalists in the 

Finger Lakes region, NY (Personal Communication, Paul Shipman). In terms of the competitive 

exclusion hypothesis, these overlapping populations seem to coexist without the usual effects of 

interspecific competition. This could potentially be explained by high gene flow between the populations. 

However, documented instances of hybridization tend to be rare, although evidence of cross-back genes 

has been shown at rates of over 25% (Karlin, 2005). This shows that there is likely some unknown benefit 

to their interactions, or that they do not share microhabitats within a larger locale. 
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With these observations in mind, there were two main goals to this study. The first was to provide 

an ecological and genetic survey that would determine the prevalence of each species being found 

together within the same sites as well as any hybridization events. The second was to document how 

closely related the two species were in terms of niche placement by analyzing the correlation of 

ecological features to individuals within a species. The genetic analysis was for authenticating the 

phenotypic catalog of each species, as well as determining the presence of hybridization among the 

observed overlaps in population. The gene in question was Cytochrome Oxidase B, and was used as a 

‘barcoding’ to achieve this. Accuracy in identification was significant for testing my hypotheses because 

both species here are extremely similar not only in appearance, but in their macro-genetic makeup as well. 

 I hypothesized the existence of an ‘ecological gradient’ associated with population density; that 

there are two genetically separate, but overlapping populations within a community with a low amount of 

hybridization in those overlap areas. In addition, should they overlap, I predicted there will be an 

observable benefit to both species that overrides the negative effects of interspecific competition for 

resources. The term population here describing a unique group of individuals marking a single species, 

with distinct ecological traits. 

 

Review of D. fuscus, D. ochrophaeus, and the Competitive Exclusion Hypothesis: 

The plethodontid salamanders in the Desmognathus genus have many overlapping traits and 

ecological requirements after diverging due to allopatric speciation (Rissler, 2003). With the phylogenetic 

lineage of Amphibia: Urodela: Plethodontidae: Desmognathus, salamanders in this genus are 

morphologically distinguished from other dusky species by a bright post ocular stripe, slightly larger back 

legs, a bright dorsal stripe and spot patterning, and a snout with straight jaw (Conant 1998). Most are a 

combined insectivore and carnivore, consuming insects, larvae, and even other salamanders (Sites Jr., 

1978). Reproductively, eggs are internally fertilized and oviposited underneath shaded, defensible areas 

near littoral systems. Such areas include moss, rocks, leaves, logs, and hardened soil deposits (Hom 

1987). Some parental care in the form of nest guarding by females is common as well (Hom 1987). 
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The two Dusky salamander species, Desmognathus fuscus fuscus, and Desmognathus 

ochrophaeus, are two species groups that are comparable in physiology, niche requirements, and breeding 

habits. There have been previous studies performed on both the speciation of taxa under the 

Desmognathus umbrella (Rissler, 2003), as well as studies on the topic of hybridization between these 

species (Karlin 1981). The former, through parsimonious tree analysis, demonstrated that both species are 

just that, separate species with other sister taxa between them (Rissler, 2003). I have confirmed this 

through use of parsimonious bootstrapping, with the genetic information from NCBI's GenBank 

(Appendix III). Hybridization, as mentioned above, is very rare although some long standing mixed 

communities have shown evidence of past interbreeding (Karlin, 2005). This would imply that there is 

some yet unknown behavioral or temporal reason for high rate of reproductive isolation. 

Both species are conditionally streamside species, with mating migrations to their home spawning 

sites at nearby lakes or ponds. Foraging for both species encompasses aquatic and terrestrial habitats, and 

prey diversity is very high for them as well, at most times of the year (Sites Jr., 1978). Although there is 

sexual selection within populations, there is little to no monogamy, as evidenced by the prevalence of 

females storing their previous partner’s genetic material for future fertilization (Arnold, 1993). Per Jaeger 

(1993), since these species are streamside classed in an area with high prey abundance, these species are 

not extremely territorial.  

Despite being less territorial than other salamanders, aggressive behavior can be found within 

both species; biting is a common aggressive behavior, both on an individual level, as well as an 

interspecies level (Jaeger, 1993). These behaviors can also become prevalent during the brooding stage 

after clutch laying. Like others in their genus, both species have been shown to have egg-bearing females 

guarding the clutch during initial development. The females will protect the clutch by reducing foraging 

to fend off predators after their eggs. Then, either just before or at hatching, the females abandon the now 

mobile offspring (Jaeger, 1993). 

The subspecies Desmognathus fuscus fuscus, commonly known as the northern dusky 

salamander, is currently classed as the most prevalent of 2 subspecies as known under the Desmognathus 
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Appendix IV: Location GPS coordinates 

 

Location #   GPS Coordinates 

 

 

1    N42°43'44.0", W077°33'52.4" 

2    N42°42'43.3", W077°33'47.3" 

3    N42°41'29.7", W077°34'08.9" 

4    N42°42'32.1", W077°33'50.7" 

5    GPS signal could not be located, within 2 miles of next GPS signal 

6    GPS signal could not be located, within 2 miles of next GPS signal 

7    N42°41'51.7", W077°34'30.0" 

8    N42°41'57.8", W077°34'27.1" 
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Appendix V: Collection Map for Canadice Lake, Fall 2015 and Spring 2016 

Appendix V: 2 locations that approximate the points where they are located. Those are locations 6 and 7, 

due to equipment malfunction during the attempt to capture the GPS coordinates during data collection. 


