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Abstract 

Vernal pools in the Northeastern United States are small, forested wetlands characterized by 

ephemeral flooding.  These unique ecosystems provide critical habitat for both terrestrial and 

aquatic organisms, abate seasonal flooding, and are biogeochemical hotspots.  Vernal pools may 

be created to maintain key ecosystem services associated with loss of natural wetlands.  In many 

instances, however, created pools do not mimic the ecological functions and services of extant 

vernal pools due to shortcomings associated with the surrounding land use and canopy cover, 

hydrology, or invasion by opportunistic plants. Because of the importance of these systems to 

regional biodiversity, understanding the conditions required for adequate restoration of 

ecosystem function is imperative.  The goal of this thesis was to determine differences in 

physico-chemical and biological properties between created and natural wetlands and to 

experimentally manipulate light availability and litter input in created pools to evaluate the 

importance of canopy cover in establishing desired ecosystem functions in created vernal pools.  

This study took place in natural (n=4) and created (n=8) vernal pools at High Acres Nature Area 

in Perinton, NY.  Natural pools received over three times more carbon input from leaf litter and 

had greater light availability than created pools.  The macroinvertebrate and plant communities 

were also markedly different, with a striking lack of invasive plants in natural pools.  There were 

no significant differences in soil phosphorous or ammonium, but there were differences in 

surface water concentrations of the respective nutrients.  Invasive species regrowth was limited 

in pools with experimental canopy shade, suggesting the potential for artificial canopy cover to 

limit invasion by undesirable plants, help to promote biodiversity, and aid in successful wetland 

restoration.   
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Introduction 

Vernal pools in the Northeastern United States are small, forested wetlands characterized by 

periodic flooding, typically in spring.  Wetlands provide the largest value of ecosystem services 

on an areal basis relative to other terrestrial ecosystems (Costanza, 2014).  These include flood 

control, drought prevention, water quality protection, nutrient removal and provision of habitat 

for numerous species (Mitsch and Gosselink, 2000; Schlesinger, 1997).  Vernal pools in 

particular are key components in flood protection following spring snowmelt and rains, and can 

be important regional sinks for nitrogen (Brooks, 2009; Capps et al., 2014). These unique 

ecosystems also support both terrestrial and aquatic organisms, acting as local hotspots for 

biodiversity (Colburn et al., 2007).  To combat extensive loss of wetlands, vernal pools may be 

created to mitigate losses in area and function of existing vernal pools (Lichko and Calhoun, 

2003).  In many instances, however, created pools do not mimic the natural ecological functions 

found in extant vernal pools due to shortcomings in the restoration process, especially 

susceptibility to invasive plant species, lower soil organic matter, altered carbon cycling, an 

altered hydroperiod, lack of canopy cover, and lower diversity of macroinvertebrates (Korfel et 

al. 2010; Lichko and Calhoun, 2003).  Because of the importance of these systems for regional 

biodiversity of both terrestrial and aquatic species, gaining a better understanding of conditions 

required for adequate ecosystem function is imperative to enable more successful vernal pool 

creation.    

Vernal pools are depressional, often ombrotrophic, wetlands characterized by periodic flooding, 

typically during the spring and fall as a result of increased precipitation and snow melt (Mitsch 

and Gosselink, 1993).  Small isolated pools are fed primarily by precipitation, whereas more 

complex systems of pools may be temporarily connected to other water bodies via groundwater 

or surface water (Rains et al., 2006).  The limnology of vernal pools is extremely variable as a 

result of the small volume of water and temporal fluctuations (Bonner et al., 1997; Carrino and 

Swanson, 2007) that are controlled in part by precipitation, bathymetry and loss to groundwater 

(Black and Zedler, 1998; Brooks 2004).  It is this hydroperiod, or temporal pattern of flooding, 

that is a key driver of biogeochemistry and biotic community structure (Batzer et al., 2005). 

However, the surrounding landscape may be equally important.  In California, vernal pools are 

most often found in open grasslands, whereas in the Northeastern United States and other 



3	
	

temperate regions, vernal pools are typically found in forested landscapes.  The surrounding 

forest canopy has an indirect effect on hydroperiod, by influencing light availability, 

temperature, evaporation and water uptake and transpiration by vegetation (Black and Zedler, 

1998; Brooks, 2004).  

In seasonal pools, there is substantial variation in water chemistry, including nutrient 

concentrations and pH, associated with the length and frequency of the hydroperiod (Bonner et 

al., 1997).  As a result, vernal pools may be hotspots of biogeochemical activity.  The rates of 

decomposition and denitrification are greater in flooded zones than in the surrounding landscape 

(Capps et al., 2014) and there is evidence of mercury methylation and bioaccumulation in 

seasonal forest pools relative to the length of the hydroperiod (Brooks et al. 2012).  However, 

these factors are also driven by the canopy cover, which controls temperature, evaporation, light 

availability and delivery of labile carbon (Schiesari, 2006), resulting in characteristic differences 

in the biogeochemistry of closed canopy versus open canopy pools.  In an open canopy pool, 

high light availability promotes growth of algae and floating and emergent vascular plants that 

then supply higher trophic levels.  In closed canopy pools, however, light is intercepted by the 

trees and organic matter delivery to the pools is delayed until leaves are shed in the autumn.  As 

a result of this more refractory source of organic matter, closed canopy pools tend to have a 

higher carbon: nitrogen ratio in the soils (Schiesari, 2006).  

Hydroperiod and canopy cover are also driving factors in the biological community of vernal 

pools, which includes macroinvertebrates, vascular plants, algae, amphibians, migratory birds, 

and some mammals.  Vernal pools serve important nursery functions for many species of 

amphibians because of the lack of fish and other desiccation-intolerant predators (Bonner et. al, 

1997).   Obligate vernal pool amphibians, including the endangered tiger salamander (Abystoma 

tigrinum), Jefferson salamander (Ambystoma jeffersonian) and wood frogs (Rana sylvatica), 

spend their lives near their natal vernal pool. During the flooded period, a variety of 

opportunistic species colonize the pools (Bonner et al., 1997).  These species often have 

adaptations that allow them to leave or survive desiccation later in the season.  As a result of the 

unique adaptations required to survive the varying quantities of water in a vernal pool, the 

diversity of rare species may be higher in vernal pools than in permanently flooded systems 

(Collinson et al., 1995), though pools also provide habitat for common permanent pond species 
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Figures	

	

	

Figure	1:	Aerial	imagery	of	High	Acres	Nature	Area	with	the	created	pools	outlined	in	red,	and	
natural	pools	outlined	in	blue.		Each	individual	created	pool	is	outlined	(right)	where	the	lack	of	
canopy	cover	is	evident.	
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Figure	2:	Length	and	frequency	of	flooding	in	A),	created	and	B)	natural	pools	paired	with	
frequency	and	timing	of	sampling.	

	

	

A	

B	
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Figure	3:	Surface	water	concentration	of	A)	nitrate,	B)	phosphate,	and	C)	ammonium	over	time	
in	all	treatments.		
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Figure	5:	Extractable	A)	Phosphorus,	and	B)	Ammonium	concentrations	per	gram	of	soil	at	each	
sampling	date	among	all	treatments.	
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Figure	6:	Percent	organic	matter	in	soils	from	all	pools	at	different	sampling	times.	

	

	

Figure	7:	Invasive	species	percent	cover	over	time	for	each	treatment	

	

	

B	
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Figure	8:	Individual	cover	of	A)	Typha,	B)	Phalaris	arundinacea,	and	C)	Lythrum	salicaria	over	
time.		Note	different	y-axes.	
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Figure	9:	A)	Benthic	micro-algal	biomass	using	chlorophyll	a	as	a	proxy	B)	Periphyton	biomass	
using	chlorophyll	a	as	a	proxy	in	experimental	created	pools	and	natural	pools.	

	

	

	

	

	

	

A	

B	



37	
	

	

Figure	10:	Macroinvertebrate	results	among	all	treatments	showing	A)	species	richness	(S),	B)	
total	number	of	individuals,	and	C)	Shannon-Weiner	diversity	index	results.	
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Figure	11:	Cluster	diagram	showing	similarity	of	A)	plant	and	B)	macroinvertebrate	communities	
in	all	pool,	by	treatment	and	year.		

	

A	

B	
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Figure	12:	Principal	components	analysis	score	plot	of	variables	showing	where	each	treatment	
falls	in	the	first	two	components	in	2014	and	2015.	
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