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ABSTRACT 

Many mechanisms of biodiversity exist in nature. Temporal niche partitioning is 
an overlooked mechanism that could explain how species coexist in the same 
space. We hypothesized that different vertebrate communities would be using a 
shared habitat space (rock bars) at different times of day. To test this hypothesis, 
we surveyed the total number of vertebrates present on six different rock bars 
during morning, midday, and night. We documented strong differences between 
vertebrate communities by time of day while no differences were found 
between total genera by rock bar. The majority of vertebrate genera were found 
during midday (9), while 11 genera were surveyed in total during our study. 
These results suggest that time is an important mechanism of biodiversity. 
 

 
INTRODUCTION 

Gaze out into any meadow, and you 
will unknowingly be looking at hundreds 
of different species. Biodiversity is one 
of the most fascinating, beautiful, and 
inspiring features of the natural world. 
How can so many different organisms 
thrive in the same place at the same 
time?  

Biologists now understand that there 
is not just one answer to this question, 
but many. For example, Paine (1966) 
discovered that keystone species have a 
disproportionate effect on their 

communities, potentially increasing 
biodiversity. In addition, neutral theory  
states that greater biodiversity is 
maintained through environmental 
stochasticity across ecologically similar 
species (Hubbell 2001). However, the 
way we most commonly understand 
biodiversity is through niche 
partitioning. This is the ecological 
sorting of environmental and resource 
space among species. A classic example 
of this mechanism for biodiversity is 
spatial niche partitioning. As 
documented by MacArthur (1958), 
warblers are known to utilize different 



  
 

 

CEC Research | https://doi.org/10.21973/N39W83    Spring 2018 2/7 

parts of the same tree in order to 
coexist. However, niches do not only 
exist in space–they also exist in time. 

Temporal niche partitioning may be 
overlooked as a means of species 
segregation because it is less apparent 
by its nature. As it occurs across the day 
and into the night, temporal niche 
partitioning becomes potentially 
invisible to us in the course of a 
standard “day of work”. For instance, in 
sub-Saharan Africa, lions prefer to hunt 
during the night, while subordinate 
predators, like jackals and hyenas, 
adjust their peak hunting time around 
those of the lions (Schuette et al., 2013). 
Similarly, smaller herbivores in 
Zimbabwe were found to shift their 
temporal niches in order to avoid 
interfering with elephants at watering 
holes (Valeix et al. 2007).  If the 
partitioning of time plays a role in the 
diversity of Africa, then it may also have 
an effect on the diversity of other 
ecological systems.  

The purpose of this study is to 
investigate how the activity of different 
vertebrate species inhabiting riparian 
rock bars varies by time of day. To do 
this, we surveyed the total abundance 
of all vertebrates found at six rock bars 
during morning, midday, and night. We 
hypothesized that different vertebrate 
communities would be utilizing the rock 
bars at different times of day. We 
expect that temporal niche partitioning 
may be present on these rock bars, 
allowing for different taxa to share the 
same space and resources with limited 
competition. The partitioning of time 
may be a possible means for 
biodiversity. 

METHODS 

2.1 Site Area 

We conducted research in Mendocino 
County, California within the 2995 
hectares of the Angelo Coast Range 
Reserve. The reserve protects a portion 
of the headwaters of the South Fork Eel 
River, a major salmon-bearing river 
system in northern California. The Eel 
runs through mixed-forest habitats that 
dominate the landscape, and grassy 
meadows are present throughout the 
reserve. The ecosystems found at the 
Angelo Reserve have been protected 
from major human disturbance for 
decades; the Eel is one of the last rivers 
in the United states to not be affected 
by damming or runoff. Annual 
precipitation can exceed 150 cm with 
most falling between October and April. 
During this period of time, flooding 
submerges rock bars along the bank of 
the river. When the river recedes during 
the summer, the rock bars are exposed. 
These temporary habitats makes for a 
pristine area to study the many species 
that may be attracted to it for food, 
water, and shelter (Sabo & Power 2002).  
Some of the common species that 
frequent the rock bars include 
Sceloporus (western fence and 
sagebrush lizard), Pseudacris (pacific 
tree frog), Rana (foothill yellow legged 
frog), Taricha (California and rough-
skinned newt), Elgaria (alligator lizard), 
Plestiodon (western skink), Anaxyrus 
(western toad), Thamnophis (garter 
snake), and several species of fish. Less 
common species include birds, deer, 
and mice. 
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2.2 Research Design 

We sought to uncover temporal 
patterns in vertebrate communities 
across a simple but productive habitat. 
To measure the vertebrate 
communities, we systematically 
surveyed rock bars along the Eel River 
between May 5–May 9 in spring 2018. 
Three of the sites were located north 
and three were located south of our 
field station. There were an equal 
number of sites on each side of the 
river. We defined a rock bar as the rock-
dominated habitat between the 
vegetation-dominated area and the 
bank of the river, including stagnant 
water, and extending two meters 
beyond the bank into the river. In order 
to measure temporal differences among 
sites, we divided our sampling time into 
three categories:  

Morning (7:30 a.m.-10:30 a.m.)  
Midday (12:30 p.m.-3:30 p.m.) 
Night (8:30 p.m.-11:30 p.m.) 
 

Over the course of five days, we 
conducted three samples per site per 
time category and recorded all 
vertebrate individuals present in the 
rock bar. All vertebrates were classified 
into the following broad functional 
groups: reptiles, amphibians, mammals, 
and birds. Reptiles were further 
classified into genera: Sceloporus, 
Elgaria, Plestiodon, and Thamnophis. 
Amphibians were classified into genera: 
Pseudacris, Rana, Taricha, and 
Anaxyrus. 

2.3 Survey Methods  

Averages were taken for genera and 
morphospecies surveyed per time of 
day per rock bar. Average survey 
numbers were then transformed into 
densities by individuals per hectare of 
each rock bar.  

To test for differences across rock bars 
(N=6) and time of day (morning, 
midday, night), we ran a two-factor 
ANOVA on the densities of the following 
groups: total vertebrates, reptiles, 
amphibians, and genera. Genera 
included: Thamnophis, Pseudacris, 
Sceloporus, Rana, and Plestiodon. 
Amphibians included Taricha, 
Pseudacris, Rana, and Anaxyrus. 
Reptiles included Sceloporus, 
Thamnophis, Elgaria, and Plestiodon. 
Among the genera Elgaria, Taricha, and 
Anaxyrus, and morphospecies (birds, 
deer, and mice), the number of 
individuals surveyed were too small to 
statistically analyze alone. However, all 
genera and morphospecies were 
included in vertebrate totals. 

A linear regression was used to test 
for a correlation between rock bar area 
and genera/morphospecies richness. 
Linear regressions were also used to 
compare average amphibian and reptile 
densities by average percent shade 
cover.  

An ordination was created to compare 
communities of genera and 
morphospecies across different times of 
day (Figure 1). Statistical analyses for 
this research were conducted using JMP 
v.13 statistical software. 
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Fig. 1. Ordination of active vertebrate 
genera found across sample sites. 
Vertebrate genera include Sceloporus, 
Odocoileus, Taricha, Rana, Anaxyrus, 
Elgaria, Thamnophis, and Pseudacris. 
Morphospecies were also included: deer, 
mice, and birds. Asterisks represent morning 
samples; triangles represent midday 
samples; squares represent night samples 
(N=6). The single triangle found within the 
night group (shown by squares) represents 
rock bar four’s midday community; frog 
genera were the dominant vertebrate group 
sampled with 73% shade cover, causing this 
community to mirror those found at night. 

RESULTS 

We found eleven total vertebrate 
genera across all of our samples. The 
greatest richness occurred during 
midday with nine genera total, followed 
by both morning and night with six 
genera total (Figure 2). There was no 
correlation found between the area of 
each rock bar and the number of genera 
found there (N = 6, r2 = 0.07, P > 0.1; 
Figure 3).  

When comparing reptiles and 
amphibians by time of day and rock bar, 
we found significant differences in the 
average densities of each. When 
accounting for variation in time of day, 

 
Fig. 2. Total genera found at each time of 
day and all times of day. Total genera: 
morning and night (6 genera); midday (9 
genera); all times of day (11 genera).  

 
Fig. 3. Total number of genera found by 
the area of each rock bar. There was no 
correlation found between the area of each 
rock bar and the number of genera found 
there (r2=0.07, P > 0.1). Each dot represents 
one of the six rock bars surveyed.  

there was no difference between rock 
bars; when accounting for variation in 
rock bars, there was a strong significant 
difference in density by time of day 
(FReptiles = 23.53, FAmphibians = 17.19, 
PReptiles < 0.001, PAmphibians < 0.001). 
Reptiles were found in greatest density 
on average during midday; in contrast, 
amphibians were found in greatest 
density on average during night (Figure 4). 

Average density of reptiles had a strong 
negative correlation to average percent 
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shade cover (N = 6, r2 = 0.09, P < 0.0001; 
Figure 5). Amphibians showed the 
opposite relationship to shade cover; 
average density decreased with 
increasing average percent shade cover 
(N = 6, r2 = 0.2, P = 0.05; Figure 6). 

 
Fig. 4. Active amphibians and reptiles 
surveyed at morning, midday and night. 
Reptiles were found most abundant at 
midday (P < 0.001). In contrast, amphibians 
were found most abundant at night (P < 
0.01). Values reflect average densities per 
hectare of total individuals found across all 
sample sites.  

 
Fig. 5. Reptile density by average percent 
shade cover. Reptile density decreases as 
shade cover increases (N=6, r2 = 0.9, P < 
0.0001). Reptiles include all lizards and 
snakes surveyed on average across each 
rock bar; density was calculated by 
individuals per hectare. Asterisks represent 
morning samples; triangles represent 
midday samples; squares represent night 
samples.  

 
Fig. 6. Amphibian density by average 
percent shade cover. Amphibian density 
increases as shade cover decreases (N=6, 
r2 = 0.2, P = 0.05). Amphibians include all 
frogs and newts surveyed on average 
across each rock bar; density was 
calculated by individual per hectare. 
Asterisks  represent morning samples; 
triangles represent midday samples; 
squares represent night samples. 

We found that overall vertebrate 
densities varied significantly by rock bar 
and time of day (F = 5.57, P < 0.01). 
Accounting for variation due to time of 
day, no differences were found between 
rock bars (F = 1.35, P > 0.1).  In contrast, 
there was a strong difference between 
vertebrate densities by time of day 
when calculating for variation between 
rock bars; vertebrate density was found 
to be greatest at midday followed by 
night (F = 23.12, P < 0.001). 

When comparing the generas 
Thamnophis, Pseudacris, and 
Sceloporus, we found a difference 
between average density by rock bar 
and time of day. After each factor 
accounted for variation in the other, 
time of day was the only factor in which 
average density differed. Both 
Thamnophis and Sceloporus were found 
active most often during midday 
(FThamnophis = 7.21, FSceloporus = 18.89, 
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PThamnophis < 0.05, PSceloporus < 0.001). 
Pseudacris was found most active at 
night (F = 23.34, P < 0.001). 

No differences were found when 
comparing the genera Rana and 
Plestiodon for average density by rock 
bar and time of day. However, when 
variation by rock bar was accounted for, 
time of day became a significant factor 
driving changes in average density of 
Plestiodon; differences in density were 
only marginally significant in difference 
by time of day for Rana Activity of 
Plestiodon was found greatest at 
midday (F = 6.94, P < 0.05 ). Rana was 
found most active at night, followed by 
midday (F = 3.86, P = 0.057).  

DISCUSSION 

Our research shows that different 
communities of vertebrates use the rock 
bars at different times of day. 
Additionally, we found that these 
circadian changes allow for greater 
biodiversity, as the number of genera 
for the whole day was greater than the 
number of genera for any particular 
time period. 

The total number of genera found did 
not differ between rock bars, though 
the rock bars ranged in size from 400 m2 
to 2700 m2. This means that small rock 
bars were able to support similar genera 
richness as large ones, suggesting that 
spatial partitioning is not the driving 
mechanism behind genera coexistence.  

When analyzing proportion of shade 
cover by abundance, our trends showed 
that reptile abundance increases as 
shade cover decreases. UV light is 
necessary for reptile thermoregulation, 

making midday the optimal time for 
activity, when shade cover is lowest. 

In contrast, amphibian abundance 
increases as shade cover increases. UV 
exposure heightens desiccation risk, 
causing amphibians to be more active at 
night, when shade cover is highest 
(Adams et al. 2001). Because rocks 
retain substantial heat from the day, 
amphibians may be using them at night 
to thermoregulate without the risk of 
UV exposure (Sabo 2002). It is also 
possible that shade cover could allow 
amphibians to be active during the day, 
as we observed on rock bar four. 

But, if they can be out during the day, 
why aren’t they? This pattern could be  
attributed to reptiles  having an 
advantage for catching prey during the 
day, due to their tolerance of UV light. 
Because reptiles are a better competitor 
during the day, it would be more cost-
efficient for amphibians to postpone 
hunting activity until sundown when 
reptiles  are less active.  

Additionally, it is understood that 
frogs serve as prey to snakes, which was 
reinforced by direct observation, 
suggesting that predator-prey 
interactions may contribute to the 
partition of time between reptiles and 
amphibians. Studying these predator-
prey dynamics would further  enhance 
the understanding of the mechanisms 
driving temporal niche partitioning 
among these vertebrate communities.  

By studying mechanisms of 
biodiversity that are often overlooked, 
we can gain a better understanding of 
the facilitators of coexistence. Our study 
provided evidence for just one 
mechanism of coexistence, but many 
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others are important in understanding 
the dynamics of biodiversity. 
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