
1 
 

 

 

 

 

The effects of beaver flooding on the vegetation of Whittemore Bog 
Andrew Powers 

12/13/21 

  



2 
 

Introduction 

Whittemore Sanctuary in Woodbury, CT has been utilized by many different groups over 

its history (e.g., Whittemore family, native peoples, and field botanists). Whittemore Bog within 

Whittemore Sanctuary contains a unique ecosystem that has been the focus of historic vegetation 

collections dating back to the 1890’s (Canfield 2000). The lands surrounding the bog have been 

clear-cut for the production of charcoal before having the trees again replanted in the 1920’s and 

1930’s (Canfield 2000). Whittemore Bog is also home to the state-listed species, Northern 

yellow-eyed grass (Xyris montana). In Connecticut, there are 251 listed species of special 

concern, threatened, and endangered plants of which many are specially adapted to wetlands or 

are peatland specialists (Locky and Bayley 2006). 

Peatlands are a specialized type of wetland that are dominated by mosses of the genus 

Sphagnum. These wetlands are often poor in nutrient availability with quaking mats consisting of 

Sphagnum that float on the water surface (Rydin and Jeglum 2013). Most peatlands in North 

America were created by prehistoric glaciers retreating across the land and gouging out 

depressions. In ombrotrophic bogs, this depression is filled in with rainwater that becomes acidic 

over time and stimulates the growth of peat moss. Minerotrophic bogs, such as that of 

Whittemore Sanctuary, are fed by groundwater or small streams (Rydin and Jeglum 2013). There 

has been a convention of referring to minerotrophic bogs as fens and ombrotrophic bogs as bogs, 

but this can be misleading due to the variable nutrient inputs and composition, so it is best to 

classify both in minerotrophic or ombrotrophic terms (Damman and French 1987).  Whittemore 

Bog is minerotrophic as it is fed from a stream to the northwest.  The bog is roughly 350m by 

200m in size and located near the center of the 278-hectare Whittemore Sanctuary. Whittemore 

Bog is of vital conservation concern because it is one of only 34 bogs in the state of Connecticut 
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and is listed as critical habitat for state and federal listed species by Connecticut Department of 

Energy and Environmental Protection (CT DEEP 2021). 

Whittemore Sanctuary has seen many changes, the most recent including the arrival of 

beavers in 2000. Twenty-one years ago, beavers moved into the bog at Whittemore Sanctuary. 

These beavers built a dam that significantly raised the water level of the bog by ~2 meters. From 

1998 through May 2000, a WCSU Master's student evaluated the vegetational diversity at the 

bog (Canfield 2000), however, no evaluation of the vegetation has been made since the beaver 

colonization. A new assessment of the bog vegetation is needed to understand if there has been a 

negative effect on the vegetation caused by a shift in habitat composition due to flooding. The 

flooding caused by beavers has been reported to shift vegetation community composition and the 

biodiversity present in bogs (Law et al. 2019). The effect is usually positive in ecosystems where 

beavers are native (Anderson et al. 2009). Beavers often increase local biodiversity and shift 

vegetation communities from upland plants to more hydric plants and cause a decline in woody 

upland vegetation (Law et al. 2019, Mitchell and Niering 1993).  

Research Questions 

The present study evaluated the potential positive and negative effects that beaver 

flooding may have had on the plant communities at Whittemore Bog. As outlined in the 

internship description from Flanders Nature Center, I will be addressing each of three research 

questions (Table 1). 

1. “Are the escalating beaver activities altering the unique ecosystem?” 

2. “Is the negative environmental impact sufficient to identify actionable 

mitigation/intervention steps?” 

3. “What best practices and safe options should be considered?” 
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Research Question #1: Are the escalating beaver activities altering the unique 

ecosystem? 

A 2000 transect survey of the vegetation at the Whittemore Bog found 51 species of 

vascular plants belonging to 29 separate families between April 1998 and May 2000 (Canfield 

2000). Canfield’s study unknowingly created a baseline dataset to evaluate changes within the 

bog over time due to beaver colonization and the subsequent rise of water levels (~2m; Canfield 

2000). Canfield’s methods included three, 35m transects that were sampled using quadrats to 

collect the density and diversity of bog vegetation communities and create a species inventory. 

My project builds on the previous vegetation surveys and species inventory created by 

Canfield (2000) to evaluate how the vegetation diversity may have changed over the last 20 

years. I made five sampling trips to Whittemore Bog to collect voucher specimens of each 

species of vascular plant encountered. My surveys not only included the original area sampled by 

Canfield but also most areas of the bog that were reachable by kayak and foot. Surveys ceased in 

late fall and a representative voucher specimen was collected for each vascular plant species 

observed. I pressed and identified each sample using Aquatic and Wetland Plants of 

Northeastern North America (Crow and Hellquist 1999). All voucher specimens are currently 

housed in the WCSU herbarium with those collected by Canfield. 

Over the course of two months, I observed and collected 38 species of vascular plants in 

the Whittemore Bog, consisting of 32 species previously recorded by Canfield (2000) (63% 

overlap) and six new species (Table 2). Additionally, two species were observed (Lycopodium 

inundata and Nyssa sylvatica) but vouchers were not collected. However, I was unable to find 18 

species previously collected by Canfield (2000) (Table 3). These differences could be attributed 

to sampling error such as seasonal sampling effects or species loss due to the effects of beavers. 
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The difference in the herbaceous plant species found between the Canfield (2000) survey and my 

own could be attributed to seasonal differences in herbaceous plant presence. For example, many 

of the twelve herbaceous species I did not find are highly seasonal in their availability, e.g., 

skunk cabbage (Symplocarpus foetidus), starflower (Trientalis borealis), and broadleaf 

arrowhead (Sagittaria latifolia). These species are mostly observable when in bloom during 

spring and summer before cooler temperatures cause them to die back and leave less evidence 

for identification during autumn surveys. Future sampling conducted during the spring and 

summer months, when many of these species are flowering, could allow us to determine if these 

plants were absent due to seasonal variation in sampling or also due to habitat surveyed. These 

species do not primarily grow on Sphagnum mats, which comprise the majority of available 

habitat within my study, and also make them less likely to be observed. 

Six woody species documented by Canfield (2000) were also absent from my surveys, 

which could be caused by beaver flooding. After beaver flooding, many woody species die back 

and are replaced by ericaceous shrubs. In addition to an increase in herbaceous cover (Mitchell 

and Niering 1993), ericaceous shrubs such as leatherleaf (Chamaedaphne calyculata) and sheep 

laurel (Kalmia angustifolia) also increase in cover. My work supports this possibility because I 

found all ericaceous species previously recorded by Canfield (2000) except for black huckleberry 

(Gaylussacia baccata). Beaver flooding of woodlands often shifts the vegetation towards non-

forested wetland plants, herbaceous emergent plants, or shrub wetland plants (Little et al. 2012). 

The longer a woodland is flooded, the more it will diverge from a forested state (Snodgrass 

1997). Within 13 years of flooding, the anaerobic conditions that are created from flooding often 

kill trees and shift the bog vegetation towards more hydric and water-tolerant species (Snodgrass 

1997). I also observed the missing woody species documented by Canfield (2000) but not my 
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surveys within bog periphery in the surrounding upland communities and may still intrude in less 

accessible areas within the bog. This difference in woody species composition could also be 

further investigated with additional sampling on the large floating mats where the majority of the 

woody vegetation occurs on the western edge of the bog.  

Canfield (2000) is not the only historical reference point with which to investigate 

vegetation change in the Whittemore Bog.  Specimens stored in research collections called 

herbaria (i.e., natural history museum focused on plants) prove invaluable in understanding 

changes in the occurrence of species in specific habitats over time (Lang et al. 2019).1  For my 

study, I visited (physically or virtually) three herbaria that contained specimens previously 

collected from Whittemore Bog. Yale, Harvard, and University of Connecticut contain samples 

that also include species that were not recorded in either project, as well as specimens that date 

back to the late 19th century (Table 4).2 For example, Bartonia paniculata, was collected in 1996 

from the general location where the beaver dam now lies. Documenting changes to the plant 

communities at Whittemore Bog over the last century could help us understand additional factors 

that may have contributed to these changes. 

Research Question #2: Is the negative environmental impact sufficient to identify 

actionable mitigation/intervention steps? 

To address the question of whether the beavers are having a negative effect on the bog 

vegetation, it is also necessary to research the current beaver population and behaviors (e.g., 

activity and foraging). Before my project, the habits of the resident beavers were largely 

 
1 A herbarium is a collection of dried plant specimens usually mounted and systematically arranged for reference 
(Merriam-Webster 2022) 
2 Herbarium of the Yale-Peabody Museum [https://peabody.yale.edu/explore/collections/botany], Harvard 
University Herbaria [https://huh.harvard.edu/pages/gray-herbarium-gh], Herbarium of the University of 
Connecticut [https://biodiversity.uconn.edu/herbarium/] 
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unknown at the Whittemore Bog. Beavers are one of nature’s great ecosystem engineers and are 

considered a keystone species (Müller-Schwarze 2011). Beavers are semi-aquatic and construct 

lodges from felled trees and shrubs while they feed on the bark and herbaceous material that they 

transport around their home pond (Müller-Schwarze 2011). As fall approaches, beavers have a 

surge of activity to prepare winter food stores as they pile branches in the water near the lodge 

(Jenkins 1979). By damming streamflow, beavers increase the water level and change their 

surrounding wetlands for their optimal use (Woo and Waddington 1990). By raising the water 

level, beavers are more easily able to access food resources and avoid predators, however, in 

doing so beavers also dramatically affect the ecosystem (Müller-Schwarze 2011).  

To research the behavior of the beavers at Whittemore, I placed and maintained a 

network of three camera traps to shed light on their behavior. Cameras were installed in areas 

where there was a fresh sign of activity, such as gnaw traces and scat. I checked these cameras 

weekly to upload videos onto a google drive link for Flanders Nature Center staff. Video 

evidence showed that the beavers are primarily nocturnal and forage soon after dark until just 

before sunrise. The beavers return to the same foraging areas for multiple nights and have 

periods of increased activity around rainfall events and during cooler ambient temperatures, 

which is similar to previous studies (Belovsky 1984). The cameras recorded over 150 videos of 

beavers and many other species showing the great biodiversity of the Whittemore Bog area 

(Tables 5 and 6). 

Beaver ponds are important habitat features that have been demonstrated to increase the 

diversity of plants, invertebrates, and animals (Stringer and Gaywood 2016). Aquatic plant 

species have a 50% higher diversity in beaver ponds when compared to other wetlands (Law et 

al. 2019). For macroinvertebrates, not only was there a shift in functional feeding groups from 
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scrapers and collectors to more shredders and collector/gatherers in beaver-dominated streams, 

there was also higher quality nutrients for feeding (Law et al. 2016). Bird diversity and 

abundance also increased in the presence of beaver ponds with a particular increase in waterbirds 

(Nummi and Holopainen 2020). Mammalian diversity also shows some of the greatest increases 

such as an 83% increase for species richness when in the presence of beavers (Nummi et al. 

2019). It may be integral to keep the presence of beavers at Whittemore to preserve future 

biodiversity within the bog.  

Research Question #3: What best practices and safe options should be considered? 

Within my sampling period (October-November 2021) I observed 63% of the species 

observed by Canfield (2000) before the establishment of beavers. These species included the 

state threatened Northern yellow-eyed grass. Documentation of this species demonstrates that 

even after beaver colonization, Whittemore Bog still contains rare species.  Indeed, even though 

my study was conducted late in the season a majority of the plant species documented by 

Canfield (2000) were found. These findings suggest that the bog still maintains its function as 

critical habitat for threatened and endangered species and in terms of the species present seems 

not to have been negatively affected by beaver flooding. Additionally, high vertebrate diversity 

was observed incidentally from my camera trapping. These results show that the current 

biodiversity of animals and plants is high within the Whittemore Bog area and may have 

benefited from the presence of the beavers and increased water level. By combining the results 

from my camera trapping with my vegetation sampling we see a healthy bog ecosystem. 

However, it is still important to conduct further studies to fully understand the long-term effects 

of the beaver flooding on the plant and animal communities due to the short time frame of my 

project. 
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One publication that can be used to extrapolate my results is the study by Mitchell and 

Niering (1993). This study was undertaken at Beckley Bog (minerotrophic)in Norfolk, CT. The 

original vegetation surveys were performed in the 1960’s, and then the bog was again resurveyed 

20 years after beaver colonization in the 1980’s. There was no decline in overall plant species 

richness; however, a decline in woody species was observed with an increase in shrub cover and 

density in ericaceous shrubs and hydric species (Mitchell and Niering 1993). If woody species 

are a primary concern to the Whittemore Sanctuary, it would be beneficial to examine if the 

same changes are occurring in the Whittemore Bog. Both Beckley Bog and Whittemore Bog are 

minerotrophic and strikingly similar in their history and perhaps in their current vegetation 

trends. This potential change in woody species could be investigated by repeating the seasonal 

transect and quadrat sampling methods of Canfield (2000) and for an entire season. Canfield 

(2000) collected data on both the shrub density and vegetation community composition before 

beaver colonization. This historical data could be compared to the current vegetation at 

Whittemore Bog Future studies could help determine if beavers are the cause of the difference 

between my species inventory and that of Canfield (2000) instead of sampling error from 

potential seasonal sampling bias.  

The current list of ‘missing’ species for the 2021 sample contains six upland species that 

still exist in other areas of Whittemore Sanctuary (Table 3): American beech (Fagus 

grandifolia), American witch-hazel (Hamamelis virginiana), and cat briar (Smilax rotundifolia). 

All are readily observed in the uplands surrounding the bog, and the fact that they were 

documented is of little concern. However, missing species that are endemic to solely bog and 

wetland habitats (e.g., horned bladderwort (Utricularia cornuta), common arrowhead (Sagittaria 

latifolia), grass pink (Calopogon tuberosus) should be the main focus of future, targeted studies 
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and include. These species are likely to still be present within in the bog but can only be 

observed, collected, and identified when they are in flower (i.e., spring and summer).  

Grass pink is an interesting case as it is one of three orchid species collected historically 

within Whittemore Bog along with rose pogonia (Pogonia ophioglossoides) and dragon's mouth 

orchid (Arethusa bulbosa). I collected rose pogonia and Canfield (2000) collected grass pink, but 

the dragon’s mouth orchid has not been observed or collected from Whittemore Bog since 1901. 

Canfield (2000) hypothesized that this species disappeared due to the building of the boardwalk 

in 1967, but are still are represented in the herbaria collections. 

My current data has so far demonstrated that beavers have not had a negative effect on 

the vegetation of Whittemore Bog, but if management of the beavers is performed, there several 

potential mitigation techniques. The first two are lethal control and removal by trapping (Busher 

and Lyons 1999). Translocation is generally discouraged because beaver survival after 

translocation can be as low as 43% (McKinstry and Anderson 2003). However, the population of 

beavers at Whittemore Bog currently consists of only three lodges, and each lodge likely 

contains 2 to 8 beavers (Müller-Schwarze 2011) so that translocation is likely unnecessary as the 

population may have leveled off. Beavers are shown to self-regulate their population so that after 

a certain point their populations do not increase further once they decline from a population peak 

(Busher and Lyons 1999).  Future studies into the population growth of the beavers could also be 

obtained to determine the exact population size as before this study the population of beavers 

was relatively unknown.  

Instead of translocation and trapping beavers, I recommend flooding control as best 

management practice if management is pursued using ‘beaver pond levelers’. Currently, there are 

two large plastic drainage pipes at the base of the beaver dam that could be expanded into a 
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device such as the Flexible Pond LevelerÔ offered by Beaver Solutions LLC (Figs. 1 & 2). This 

device is significantly less expensive than many other mitigation strategies (~$300), but also 

retains the integrity and ecological viability of the beaver ponds (Hood et al. 2021, Sierra 

Wildlife Coalition 2021). However, care must also be taken not to lower the water level beyond a 

beneficial range for the beavers because it could cause them to abandon their lodges and disperse 

into the surrounding areas (Feldman et al. 2020). 

I caution that before pursuing any mitigation, there needs to be more research on the 

current vegetation of Whittemore. I recommend that additional plant surveys be conducted in the 

spring and summer months to build upon my fall data and inform future management solutions 

(i.e., inaction versus beaver mitigation). Maintaining this bog habitat at Whittemore Sanctuary is 

of paramount importance because it comprises a unique ecosystem for the state of Connecticut 

and contains both rare plants and high biodiversity. If future data shows that the beavers are 

having a negative effect on Whittemore Bog, the biggest challenge will be developing a 

management plan that balances the positive and negative effects of beavers in a way that 

maximizes overall biodiversity (e.g., Flexible Pond Levelers). However, given the current high 

biodiversity of the bog, the best mitigation action to take could be inaction and annual 

monitoring of the bog for broad changes in plant and animal diversity. This recommendation 

would allow nature to take its course at Whittemore without negative consequences. 
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Table 1: Key research questions for this project and the methods used to evaluate each. 
Question Methods 

“Are the escalating beaver activities altering 
the unique ecosystem?” 

Bog vegetation sampling 

“Is the negative environmental impact 
sufficient to identify actionable 
mitigation/intervention steps?” 

Beaver activity recorded through camera 
trapping 

“What best practices and safe options should 
be considered?” 

See text 

 
Table 2: List of all vascular plant species observed, and voucher specimens collected at 
Whittemore Bog in October and November 2021. Each species listed with common name, 
scientific name, family and notes. “No voucher collected” is a species that a voucher specimen 
was not collected. “New species for 2021” is a species that was not documented by Canfield 
(2000) and “threatened in CT” is a species that is listed as threatened by CT DEEP.  
Common Name Scientific Name Family Notes 
Black chokeberry Aronia melanocarpa Rosaceae  
Black tupelo Nyssa sylvatica Cornaceae No voucher collected 
Bog clubmoss Lycopodium inundata Lycopodiaceae No voucher collected 
Bog rush Juncus canadensis Juncaceae  
Bog yellow-eyed 
grass 

Xyris difformis Xyridaceae  

Bogbean Menyanthes trifoliata Menyanthaceae  
Bristly Sedge Carex comosa Cyperaceae New species for 2021 
Common 
bladderwort 

Utricularia vulgaris Lentibulariaceae New species for 2021 

Common Boneset Eupatorium perfoliatum Asteraceae  
Cranberry Vaccinium macrocarpon Ericaceae  
Eastern hemlock Tsuga canadensis Pinaceae  
Gray birch Betula populifolia Betulaceae  
Highbush-blueberry Vaccinium corymbosum Ericaceae  
Leatherleaf Chamaedaphne calyculata Ericaceae  
Marsh fern Thelypteris palustris Dryopteridaceae New species for 2021 
Marsh rush Juncus pelocarpus Juncaceae  
Marsh St. John's-
wort 

Triadenum virginicum Clusiaceae  

Mountain laurel Kalmia latifolia Ericaceae New species for 2021 
Northern 
Bugleweed 

Lycopus uniflorus Lamiaceae New species for 2021 

Northern yellow-
eyed grass 

Xyris montana Xyridaceae *Threatened in CT* 

Pipewort Eriocaulon aquaticum Eriocaulaceae  
Purple pitcher-plant Sarracenia purpurea Sarraceniaceae  
Red maple Acer rubrum Aceraceae  
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Rose pogonia Pogonia ophioglossoides Orchidaceae  
Round-leaved 
sundew 

Drosera rotundifolia Droseraceae  

Sheep laurel Kalmia angustifolia Ericaceae  
Smooth alder Alnus serrulata Betulaceae  
Spatulate-leaved 
sundew 

Drosera intermedia Droseraceae  

Swamp azalea Rhododendron viscosum Ericaceae  
Swamp-candles Lysimachia terrestris Primulaceae  
Sweet pepperbush Clethra alnifolia Clethraceae  
Tawny cotton-grass Eriophorum virginicum Cyperaceae  
Three-way sedge Dulichium arundinaceum Cyperaceae  
Water-willow Decodon verticillatus Lythraceae  
Watershield Brasenia schreberi Nymphaeaceae New species for 2021 
White pine Pinus strobus Pinaceae  
White water-lily Nymphaea odorata Nymphaeaceae  
Yellow water-lily Nuphar variegata Nymphaeaceae  

 
Table 3: List of all vascular plant species not encountered in 2021 but documented by Canfield 
(2000). Each species listed with common name, scientific name, family and notes. 
Common Name Scientific Name Family 
American witch-
hazel 

Hamamelis virginiana Hamamelidaceae 

American beech Fagus grandifolia Fagaceae 
Beak-rush Rhynchospora fusca Cyperaceae 
Black huckleberry Gaylussacia baccata Ericaceae 
Catbrier Smilax rotundifolia Liliaceae 
Common 
arrowhead 

Sagittaria latifolia Alismataceae 

Grass-pink Calopogon tuberosus Orchidaceae 
Homed bladderwort Utricularia cornuta Lentibulariaceae 
Poison sumac Toxicodendron vernix Anacardiaceae 
Rattlesnake manna 
grass 

Glyceria canadensis Poaceae 

Ribbonleaf 
pondweed 

Potamogeton epihydrus Potamogetonaceae 

Sedge Carex atlantica Cyperaceae 
Skunk-cabbage Symplocarpus foetidus Araceae  
Spike-rush Eleocharis flavescens Cyperaceae 
Starflower Trientalis borealis Primulaceae 
Twig-rush Cladium mariscoides Cyperaceae 
White beak-rush Rhynchospora alba Cyperaceae 
Yellow birch Betula alleghaniensis Betulaceae 
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Table 4: Species list of all vascular plants not recorded in my study or Canfield (2000) but found 
in the herbaria at Harvard, Yale, and University of Connecticut. 
Common Name Scientific Name Family 
Bog muhly Muhlenbergia uniflora Poaceae 
Carolina yellow-
eyed grass 

Xyris caroliniana Xyridaceae 

Dragon's mouth 
orchid 

Arethusa bulbosa Orchidaceae 

Lavender 
bladderwort 

Utricularia resupinata Lentibulariaceae 

Rannoch-rush Scheuchzeria palustris Scheuchzeriaceae 
Robbins' spikerush Eleocharis robbinsii  Cyperaceae 
Smooth sawgrass Cladium mariscoides Cyperaceae 
Tall beaksedge Rhynchospora 

macrostachya 
Cyperaceae 

Torrey's bulrush Schoenoplectus torreyi Cyperaceae 
Twining 
screwstem 

Bartonia paniculata Gentianaceae 

  
Table 5: List of all bird species captured on video at Whittemore Bog with common name, 
species name, and family listed. 
Common Name Scientific Name Family 
Canada goose Branta canadensis Anatidae 
Song sparrow Melospiza melodia Passerellidae 
Wood duck Aix sponsa Anatidae 

 
Table 6: Species list of all mammal species captured on video at Whittemore Bog with common 
name, species name, and family listed. 
Common Name Scientific Name Family 
American beaver Castor canadensis Castoridae 
American mink Neogale vison Mustelidae 
Bobcat Lynx rufus Felidae 
Common muskrat Ondatra zibethicus Cricetidae 
Deer mouse Peromyscus sp. Cricetidae 
Eastern gray 
squirrel 

Sciurus carolinensis Sciuridae 

Raccoon Procyon lotor Procyonidae 
Red fox Vulpes vulpes Canidae 
White-tailed deer Odocoileus virginianus Cervidae 
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Figure 1. The Flexible Pond LevelerÔ offered by Beaver Solutions LLC consisting of a caged 
pipe providing a low-cost mitigation solution. (Beaver Solutions) 
 

 
Figure 2. Diagram of The Flexible Pond LevelerÔ showing its placement within the pond and 
dam. (Sierra Wildlife Coalition 2021) 
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