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ABSTRACT
MANAGING VEGETATION TO RESTORE TERN NESTING HABITAT IN THE
GULF OF MAINE
MAY 2011
JULIET S. LAMB
B.A., HARVARD UNVIERSITY
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Curtice R. Griffin

Following catastrophic exploitation throughout the North Atlantic, breeding seabird
populations have recently begun to recover thanks to the combined effects of regulatory
protection and ongoing restoration and management efforts. As bird populations increase, new
challenges emerge, one of which is overgrowth of vegetation that limits the open nesting habitat
favored by most tern species. Though colony managers have used a variety of measures to
reduce vegetation cover, these techniques have rarely been quantified or compared
experimentally.
During the summers of 2009 and 2010, I applied two different techniques, controlled
burning and artificial weed barriers (muslin fabric in 2009; artificial turf in 2010) to experimental
plots on Eastern Egg Rock and Outer Green Island, two near-shore seabird nesting islands in
mid-coastal Maine. I then monitored both vegetation regrowth and use by nesting terns to assess
the effectiveness of these techniques for opening and maintaining Common Tern nesting habitat
during a full breeding season, comparing treated plots to vegetated control plots and existing tern
nesting habitat. I found that burned areas did not remain open for the full nesting season, but
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regrew shortly after laying, leading to near-complete nest failure in these plots. Tern nest and
fledging success was similar in weed barrier (1.37 chicks/pair) and untreated tern nesting habitat
(1.38 chicks/pair) plots. I also tested another technique, replacement of existing vegetation, at a
limited scale on Outer Green Island, without success.
These three techniques represent only a small fraction of the vegetation management
techniques used throughout the North Atlantic region. Through literature review and
consultation with North Atlantic colony managers, I collected information on vegetation
management on 34 tern nesting islands between 33 and 55° N latitude and developed a summary
of different vegetation control techniques used. I identified 14 technique types suitable for use in
nesting colonies: i.e., that can be applied before and after (but not during) the nesting period of
May-July, that do not cause destructive impacts to the surrounding ecosystem, and that involve
materials and labor that can be reasonably transported to inaccessible offshore islands. Of these
techniques, 8 created usable tern nesting habitat for a full breeding season. The success of
different methods depended heavily on the plant communities and soil types involved, although
the most successful techniques required constructing habitat over existing vegetation. In general,
vegetation management options were more limited and less successful for elevated, rocky islands
than for low, sandy islands. Often, techniques that successfully removed one species or group of
species (i.e., perennial grasses) failed due to rapid colonization by other species (i.e., herbaceous
annuals). This review of past and ongoing vegetation management techniques used on seabird
nesting islands, including their costs, methods for application, and effectiveness, hopefully
provides seabird managers a reference when evaluating current and future vegetation
management programs.
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PREFACE
This thesis contains two chapters, each of which is an independent scientific paper
formatted for submission to a peer-reviewed journal. The first chapter details the results of a
two-year vegetation management experiment on two seabird islands in the Gulf of Maine. It is
formatted for submission to Waterbirds. The second chapter is a review of vegetation
management techniques used at seabird colonies throughout the mid-North Atlantic, based on the
results of a literature review and a survey of colony managers. This review paper is intended as
a tool for managers, helping them to assess what vegetation management techniques may be
most appropriate at their seabird colonies. This review article is formatted for submission to a
technical or professional publication. When I use the word “we” in describing treatment or
monitoring, I refer to work conducted with the assistance of National Audubon Society’s Seabird
Restoration Program, primarily Research Coordinator Scott Hall and various staff and interns.
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CHAPTER I

COMPARISON OF BURNING AND WEED BARRIER TREATMENTS FOR RESTORING
COMMON TERN (STERNA HIRUNDO) NESTING HABITAT ON ISLANDS IN THE GULF
OF MAINE

Abstract
We experimentally tested burning and synthetic weed barrier treatments to assess their
ability to open and maintain Common Tern nesting habitat on two near-shore seabird nesting
islands in Maine in the summers of 2009 and 2010. After applying treatments pre-nesting, we
monitored vegetation regrowth and tern nest and fledging success in treated plots, control plots,
and untreated tern nesting habitat plots. We found that burned areas did not remain open for the
full nesting season, but regrew shortly after egg-laying, leading to near-complete nest failure in
these plots. Vegetation characteristics produced by the two different weed barrier treatments –
one a layer of muslin fabric overlaying newspaper mulch, and the other a mosaic of synthetic turf
and open ground—were more similar to vegetation in untreated tern nesting habitat throughout
the season. Tern nest and fledge success was similar in weed barrier (1.37 chicks/pair) and
untreated tern nesting habitat (1.38 chicks/pair) plots.

Introduction

Although botanists and ornithologists frequently direct their attention toward the effects
of nesting seabirds on island vegetation communities (Anderson and Polis 1999, Sánchez-Piñero
and Polis 2000, Ellis 2005, Magnusson and Magnusson 2009), few studies address the loss of
nesting habitat that results from these vegetation changes. Seabird colonies supply dense
1

aggregations of nutrient-rich guano and biological materials to islands that typically have very
few outside nutrient sources (e.g. Hutchinson 1950, Polis and Hurd 1996, McMaster 2005, Wait
et al 2005). By elevating levels of nutrients, particularly N and P, in and around their breeding
colonies, seabirds can alter vegetation growth both on land and at-sea, although the effect
(positive or negative) varies by plant species (Wainright 1998, Rajakaruna et al 2009).
Additionally, seabirds are instrumental in dispersing many agents, including plant seeds
(Gillham 1956) and pollutants (Blais et al. 2005, Evenset et al. 2007), affecting the composition
and spatial distribution of island vegetation communities (Ellis 2005).
In the Gulf of Maine, vegetative cover and substrate type limit seabird nesting habitats
(e.g. Severinghaus 1982, Houde 1983, Saliva and Burger 1989, Ramos 1998, Nisbet 2002). The
Common Tern (Sterna hirundo), for example, prefers to nest on open rock or gravel substrate
with about 10-40% vegetation cover (Buckley and Buckley 1982, Burger and Gochfeld 1988,
Ramos and del Nevo 1995, Cook-Haley and Millenbah 2002). Yet the majority of islands in the
Gulf of Maine available for nesting seabirds contain central grassy meadows surrounded by open
rock, with a thin margin of rock-vegetation interface (Conkling 1999). Thus, most protected
nesting habitat is not suitable for tern nesting, and tern populations are now concentrated on a
small number of islands managed for seabird nesting rather than spread over numerous small
colonies (Kress et al. 1983, Anderson and Devlin 1999, Allen 2010).
As numbers of nesting seabirds on these few managed islands increased in recent years,
vegetation, encouraged by nutrient input, has begun to overgrow nesting areas, and native plant
species replaced by dense pasture grasses (Austin 1934, Kress 1986, Conkling 1999).
Increasingly, managers are attempting to curb the spread of vegetation in tern nesting habitats;
however, traditional weed management techniques such as repeated mowing, herbicide
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application, and soil sterilization are generally impossible to apply to ecologically sensitive,
inaccessible bird nesting areas (Kress 1986, Kress and Hall 2004; also see Chapter 2 of this
thesis for further discussion).
The purpose of our experiment was to determine whether former Common Tern nesting
habitat can be effectively reclaimed using burning or weed barriers. Burning has long been used
to manage inland plant communities for wildlife (e.g. Lewis and Harshbarger 1976, Moog 2002,
Simmons 2006) and was often used by lighthouse keepers to maintain open habitat on islands in
the Gulf of Maine before lighthouse automation in the mid-twentieth century (Newell 1985).
Unlike mowing, weeding, or herbicide treatment, burning can curtail vegetation growth without
periodic reapplication, which is impossible during the nesting season. Additionally, burns can be
applied to large areas at low costs and with limited time. Weed barriers are an effective means
of killing rhizomes and seeds by limiting light and nutrient passage into the soil (Martin et al.
1991, Benoit et al. 2006) and reportedly can create tern nesting habitat within a month of
application (Kress 1990). Weed barriers also promise to provide habitat without reapplication
and with a limited investment of time and money.
In 2009 and 2010, we treated experimental plots on two restored tern nesting islands in
the Gulf of Maine with controlled burns and synthetic weed barrier applications. We then
monitored regrowth of vegetation during the nesting season in treated plots, control plots, and
untreated plots with nesting terns. In addition, we compared hatching and fledging success for
all Common Tern nests in treated and control plots to island-wide tern productivity.
.
Methods
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Study Area
We conducted our experiments on two islands in the Gulf of Maine, Outer Green Island
(hereafter, OGI) and Eastern Egg Rock (hereafter, EER). Both islands are restored seabird
nesting colonies owned by the Maine Department of Inland Fisheries and Wildlife and managed
in cooperation with the National Audubon Society’s Seabird Restoration Project.
OGI (Fig. 1.1) is located in Casco Bay, Maine, approximately 9 km off the coast of
Portland in Cumberland County (43° 39' N, 70° 7.5' W). Composed of metamorphic schist, the
2.1 ha island comprises a vegetated interior, a narrow rocky perimeter, and sheer cliffs dropping
to a ring of tidally-exposed reefs. The center of the island is sharply ridged and contains a high
density of large-leaved plants such as great burdock (Arctium lappa) and cow parsnip
(Heracleum maximum), and is often used for nesting by common eiders. Seaside goldenrod
(Solidago sempervivens) and annuals such as Indian mustard (Brassica juncea) grow close to the
rocky edges. Since restoration in 2002, the island has supported a colony of 700-900 pairs of
Common Terns and up to 70 pairs of Roseate Terns (Sterna dougallii) on approximately 0.22 ha
of nesting habitat (Allen 2010).
EER (Fig. 1.2) lies 9 km off the coast of Knox County, Maine, at the mouth of
Muscongus Bay (43° 52'N, 69° 22'W). It is 2.9 ha in size, 0.51 ha of which is suitable tern
nesting habitat, and annually supports around 1,000 pairs of nesting Common Terns, 100 pairs of
Arctic Terns (Sterna paradisaea), and, with 100-120 pairs, is the largest Roseate Tern colony in
the Gulf of Maine and in the state. Geologically, its perimeter is composed primarily of granite
boulders. The interior of the island is flat, with shallow peat soil about 0.5 m deep, and contains
a high density of wild red raspberry (Rubus idaeus) (Kress 1988). Closer to the edges, New
York aster (Aster novae-belgii) and bittersweet nightshade (Solanum dulcamara) dominate. The
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interior of the island hosts breeding common eiders (Somateria mollissima) and Leach’s Stormpetrels (Oceanodroma leurocha), as well as Maine’s largest colony of Laughing Gulls (Larus
atricilla) that reached a peak of over 2,000 breeding pairs in 2009. Black Guillemots (Cepphus
grille) also nest in large numbers in the boulders, and the island is the southernmost Atlantic
Puffin (Fratercula arctica) colony in the United States (Kress 1988).

Study Design and Treatments
On each of the two islands, we selected six 10 x 10 m plots separated by at least 20 m on
all sides from all other study plots, marking the corners with rebar posts. We chose all plot
locations so that they were contiguous with occupied tern nesting habitat, since pioneering birds
prefer to nest close to conspecifics (Kress 1983). We visually assessed species composition pretreatment, choosing plots with similar basic plant community structures. We then randomly
assigned each plot to a treatment (burning, barrier, control) with each treatment represented in
two plots on each island.
On 16-17 September 2008, once nesting birds left the islands, we treated all burn plots
with Matran EC, a post-emergent clove-oil herbicide (OMRI Ltd.,
http://www.biconet.com/lawn/matran.html) to dry existing grasses. We then burned all plots
assigned to the burn treatment using a drip torch (Forestry Suppliers Sure-Seal Double-Bottom
Drip Torch, Item #85022) on 22-24 September 2008.
On 15-18 April 2009, before nesting birds arrived, we conducted a second burn on these
plots using a jet torch (Red Dragon Heavy-Duty Vapor Torch Kit, Flame Engineering Inc.,
Model # VT3-30C). We also used a string trimmer to clear the plots assigned to the weed barrier
treatment and, on 19-24 May, installed a single layer of newspaper mulch covered by strips of

5

unbleached muslin fabric anchored with 15.2 cm (6 in) long landscape staples (U-Shape
Landscape Staples, One Stop Gardens, Item #95161). Throughout the plots, we cut slits in the
fabric and paper approximately once every 0.3 m2 to allow vegetation to grow through.
In September 2009, we again cleared vegetation from the burn plots using a brushcutter
(Troy-Bilt 27cc 2-Cycle Curved-Shaft Gas String Trimmer, Model #TB21 EC), but did not
conduct a burn. We removed the newspaper and muslin layers from the weed barrier plots. We
returned on 13-15 April 2010 and burned the burn plots using both drip and jet torches. To the
weed barrier plots, we applied a layer of polypropylene artificial turf (e.g. DuraPlay Leisure,
Challenger Industries) obtained second-hand from golf courses. The sections of turf had an
average size of approximately 5 m2, although size and shape varied widely. We laid the pieces
to allow a margin of approximately 5 cm of clear soil between each section, and anchored them
in place with 25.4 cm (10 in) long galvanized steel spikes with 0.95 cm (3/8 in) heads (Grip Rite,
Model # 10HGSPK), using two nails per square meter of turf. We conducted this work from 1721 May 2010.
We also monitored vegetation on 10 m long transects in active tern nesting areas using
the edges of randomly chosen search grid squares (Fig. 1.2). Additionally, we conducted
opportunistic monitoring on a single plot on Outer Green Island where a 10 x 10 m area was
cleared in the fall 2008 and seeded with Eco-Lawn Red Fescue Mix (Wildflower Farm 2008), a
substrate used by nesting terns on other islands in the region (Kress and Hall 2004). Although it
was not practical to apply this treatment on an experimental scale, we included it in the
monitoring component of the project to obtain an indication of treatment success.
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During the 2009 and 2010 tern nesting seasons (May-August), we did not conduct any
further treatment of plots, but monitored two separate indices of treatment success: vegetation
regrowth and tern nesting success.

Vegetation Monitoring
We conducted vegetation monitoring during three phenologically significant sampling
periods: egg-laying, chick hatch, and fledging. To allow for weather and differences in
phenology between the two islands, we designated 28 May - 3 June as the egg-laying sampling
period, 15-24 June as the hatching sampling period, and 6-15 July as the fledging sampling
period. We did not sample when vegetation was wet or wind speed exceeded 16 kph, as these
factors could influence height and cover measurements.
We used the point-centered quarter method developed by Cottam and Curtis (1956) and
adapted for use in grasslands by Dix (1961) to measure vegetation. Although this method is
demonstrably weak in its estimates of species-specific density in clumped grasslands (Risser and
Zelder 1968), its time efficiency is a distinct advantage over other common grassland monitoring
techniques when used in a disturbance-sensitive seabird nesting colony (Penfound 1963).
Before entering a plot, we randomly selected two 10-m transects (Fig. 1.3). Along each
transect, 10 sample points were selected at 1 m intervals with the first sample point located 0.5 m
inside the plot. We divided each sample point into four quadrants, and recorded the species and
distance from the sample point to the nearest living vegetation stem in each quadrant. At each
sample point, we also estimated percent canopy cover using a quadrat frame (25 x 50 cm frame
with cross-strings at 5 cm intervals) centered on the sample point, recording percent cover by
counting the number of squares in which the ground was completely obstructed by vegetation
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(Daubenmire 1959). Average vegetation height was recorded using a Robel pole, a 2-m length of
PVC marked by alternating 10 cm bands of dark tape around the white pole (Robel et al 1970).
One observer held the pole in place at the sample point while a second observer stood 4 m away
and, using the top of a second 1-m tall PVC pole as eye height, recorded the lowest visible 5 cm
mark. We used the same monitoring regime for the single red fescue plot on Outer Green Island
but used only one transect per sampling period. Similarly, for plots in untreated tern nesting
areas, we used the same vegetation monitoring regime along 10 m-long transects that were
randomly selected from all 30 x 30 m search grid squares where terns nested (Figure 1.2,
Appendix A).
Newcomb (1989) and Brown (1979) were used for all plant identifications. We also
collected and pressed samples of plants and sent samples to Cornell University botanists for
identification. When we could not immediately identify shoots, we took photos, collected
samples where possible, and attempted to identify plants as they grew.

Nest Monitoring
All plots were monitored for tern nests. At laying, we censused all nests and recorded
their clutch sizes. During hatch, we checked nests every other day and banded chicks at hatch
using a unique United States Geological Survey (USGS) aluminum leg band. We then checked
the presence or absence of each chick every two days until 15 days of age. After day 15, we
considered chicks fledged unless they were recovered or found again. Before chicks became
mobile (~ 5 days old), we picked up chicks to record band numbers, but once they were older
and able to hide in the grass, we recorded band numbers with spotting scopes from portable
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blinds situated around plot edges. Island-wide hatching and fledging success were determined
from long-term fenced plots (Kress and Hall 2004).

Statistical Procedures
We analyzed the following plant community variables: mean height, mean percent cover,
mean density, relative density of annuals, relative density of introduced species, and relative
density of forbs. These individual variables were not normally distributed, so we used nonparametric statistical tests for the bulk of our analysis. Using these parameters, we conducted a
principal components analysis (Dunteman 1989) for all plots and sampling periods to assess
differences in plant communities between plots, and compared to tern occupancy. We then
conducted non-parametric multi-response permutation procedures (MRPP) using Euclidean
distance and column-normalized data to test for differences between plots with and without tern
nests (Clarke 1993, Mielke et al 2001). We tested for differences in individual metrics between
treated plots, control plots, and untreated tern nesting habitat plots using the non-parametric
Kruskal-Wallis test. We used unpaired t-tests to compare tern fledging success in plots to island
averages. All statistical analyses were conducted in R (v. 2.7.2, R Core Development Team),
including the rda() and mrpp() functions from the vegan library.

Results

Plant Diversity
We identified a total of 51 vascular plant species in study plots, 17 of which occurred
only on EER, 16 of which occurred only on OGI, and 18 of which occurred on both islands
(Table 1.1). Of these plants, 25 were perennials, 23 were annuals, two (Persicaria maculosa and
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Potentilla norvegica) were species that could be either annuals or perennials, and one was a
biennial. Twenty-one of these species were native to New England, while 30 were introduced.
Eight were graminoid species, 42 were forbs or vines, and one (Rubus idaeus) was a shrub.

Principal Component Analysis and MRPP
We conducted PCA on 54 samples to compare vegetation communities, representing
three sampling periods for each of four plot types on EER and five on OGI in each of two years.
The first two axes of the resulting PCA explained 79% of variance (Figure 1.4). Percent cover
had the strongest structural correlation with PC1 (0.88), followed by proportion of introduced
species (0.787), proportion of forbs (-0.735), proportion of annuals (-0.730), mean height
(0.691), and density (0.637). Although occupied and unoccupied tern nesting plots had some
overlap on the first two PC axes, they had separate centroids on the first PC axis and generally
separate distributions (Figure 1.5), suggesting distinct differences in vegetation communities.
Occupied plots generally had lower vegetation height, density, and percent cover, but higher
proportions of annuals, forbs, and native species, than did unoccupied plots (Table 1.2). The
MRPP test confirmed a significant distance between plots with and without tern nests (observed
delta=1821, predicted delta= 2045, A=0.1094, p<0.001, 1000 permutations).

Study Plot Comparisons
Mean vegetation height, cover, and density increased during the course of the season in
both treated and control plots; however, in untreated tern nesting habitat, these values decreased
between egg-laying and hatch, suggesting that nesting terns affected vegetation structure (Table
1.2). Proportions of annuals, introduced plants, and forbs generally remained constant
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throughout the season in all plots. Vegetation growth followed the same general pattern on both
islands (EER: Figure 1.6 a-c; OGI: Figure 1.6 d-f). In general, control plots and burn plots had
similar high values for height, density, and cover, while untreated tern nesting habitat and weed
barrier plots had similar low values for all three parameters (Figure 1.6).

Burn Plots
There were no differences for any vegetation parameter in burn plots between 2009 and
2010, except for an increase in proportion of annuals in 2010 (Table 1.3). At laying, burn plots
had lower height and cover than untreated control plots; however, at hatch, burn plots were not
different from control plots in either height or cover (Table 1.4). Although, density was higher
in burn plots than in control plots, there was no difference at hatch. Compared to untreated tern
nesting habitat, burn plots had greater height, cover, and density during all sampling periods
(Table 1.4).

Weed Barrier Plots
Vegetation communities in weed barrier plots differed in all parameters between years
(Table 1.3). Further, vegetation in barrier plots differed from control plots for all parameters
during all sampling periods. In contrast, vegetation in tern nesting habitat plots was similar to
barrier plots for height (hatch and fledge sampling periods) and cover (all sampling periods);
however, all other parameters differed between these plots (Table 1.4). In 2009, the muslin fabric
treatment had lower vegetation height, cover, and density than in untreated nesting habitat, while
in 2010 artificial turf treatment plots had greater height and cover than in untreated nesting
habitat (Figure 1.7 a-c).
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Fescue-planted Plots
With only one fescue-planted treatment plot on one island, we could not statistically
compare vegetation communities between years. Combining the two years, fescue-planted plots
differed from untreated tern nesting habitat plots in all parameters; however, they did not differ
from control plots for height (all sampling periods) or cover (laying and hatch sampling periods)
(Table 1.4). In general, fescue-planted plots were lower and denser than untreated control plots,
although these differences were not statistically significant, but had similar levels of cover. In
contrast, vegetation in fescue-planted plots was higher, denser, and had greater cover than
untreated tern nesting habitat plots (Figures 1.8 a-c).

Common Tern Nesting
No Common Terns nested in any control plots (Table 1.5). On OGI, no terns nested in
burn plots in 2009, but there was a single nest in one burn plot in 2010 that fledged three chicks.
On EER, terns nested in burn plots through chick hatch with an average clutch size of 2.44 eggs,
similar to the island-wide average of 2.34 (unpaired t-test, t=1.2, df=33, p=0.227). However,
most EER nests in burn plots were abandoned pre-hatch (Figure 1.9), and hatch success was 0.35
chicks/nest, much lower than the overall island-wide average of 2.11 (unpaired t-test, t=35.2,
df=33, p<0.0001). Consequently, fledging success was 0.26 chicks/nest, much lower than the
overall island-wide average of 1.38 chicks/nest (unpaired t-test, t=38.3, df=33, p<0.0001).
Terns nested successfully on OGI weed barrier plots in both study years. There were no
differences in fledge success on barrier plots between 2009 (1 chick/nest, n=8 nests) and 2010
(1.78, n=9 nests) (unpaired t-test, t=1.99, df=15, p=0.0652). There were no successful tern nests
in EER weed barrier plots, with no nests initiated in 2009 and a single unhatched egg in 2010.
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Fledge success on barrier plots for both islands and years combined (1.37 chicks/nest) was
similar to overall island-wide fledge success (1.38 chicks/nest) (unpaired t-test, t=0.026, df=272,
p=0.979). On the single OGI fescue-planted plot, no terns initiated nests in 2009, and one pair
laid two eggs and successfully fledged a single chick in 2010.

Discussion
The differences in vegetation species composition and structure between OGI and EER
most likely result from slight differences in latitude and topography between the islands. OGI is
higher and surrounded by sheer cliffs; thus, the island is much less likely to overwash during
winter storms than EER. Weather created differences in vegetation structure between years on
each island: record rainfall in 2009 undoubtedly increased vegetation growth and decreased
chick survival on both islands. Despite these effects, the responses to treatments remained
relatively constant between islands and years.
Principal components analysis indicated that percent cover was the vegetation parameter
most strongly affecting occupation of plots by nesting terns. Cover in all occupied plots was
similar on OGI and EER at egg-laying, within the 10-30% range reported by other researchers
(Blokpoel et al. 1978, Buckley and Buckley 1982, Burger and Gochfeld 1988, Ramos and del
Nevo 1995, Cook-Haley and Millenbah 2002) for Common Terns throughout their breeding
range. Despite the distinct separation of occupied and unoccupied plots in the PCA, a few plots
overlapped. We attribute this overlap to the confounding effects of Laughing Gulls, a tern egg
predator, nesting on EER. Specifically, gulls used cleared areas in barrier plots on EER for
loafing, excluding terns from these plots. In contrast, terns nested in barrier plots on OGI, an
island where no Laughing Gulls occur.
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Burn treatments had little effect on vegetation structure and fledge success by nesting
terns. Despite initial reduction of vegetation by burning, by the time tern eggs hatched, burn
plots were taller and denser than control plots. Thus, burning effectively created an ecological
trap for nesting terns, providing habitat resembling untreated tern nesting habitat at laying but
becoming too thick for chicks to survive after hatch. Although clutch size was similar for burn
and untreated nesting tern habitat plots, both hatch success and fledge success plummeted as
vegetation overgrew. However, burning did alter species composition of treated plots, increasing
relative density of annual forbs (23 to 29%) over perennial graminoids. Although annual forbs
did not increase to levels we measured in untreated tern nesting habitat plots (62-68%), burning
does seem to be effective in reducing graminoids, particularly when applied over multiple years.
Barrier treatments were most effective for replicating untreated tern nesting habitat
conditions, especially vegetation height and cover. Additionally, hatch and fledge success on
barrier plots was similar to the island-wide averages. Yet, the effectiveness of the two barrier
materials differed. In 2009, muslin fabric barriers generally created lower height, density, and
cover of vegetation than occurred in untreated tern nesting habitat, while in 2010 artificial turf
barriers produced vegetation characteristics more similar to the vegetation in untreated tern
nesting habitat (Figure 1.7). Accounting for differing island-wide fledge rates between years on
OGI, barrier type did not affect fledge success (χ2=0.047, df=1, p=0.828). However, the nearly
twofold increase in nest numbers in barrier plots between 2009 (n=41) and 2010 (n=74) on OGI
was substantially greater than the small increase in island-wide tern nest numbers (1036 in 2009,
1151 in 2010). Thus, terns appeared more apt to nest on artificial turf barriers in 2010 than on the
muslin barriers in 2009 (χ2=6.026, df=1, p=0.014). These results suggest that synthetic turf with
its potential for increased temperature does not negatively affect tern nest site selection or
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productivity. Further, this technique was the only treatment of the three we tested that replicated
untreated nesting habitat characteristics and tern fledge success. Considering the inert properties
(i.e. chemical leaching, pollution by degraded and disintegrating materials, etc.) of synthetic turf,
this material may have broad application at other colonies.
Although fescue planting effectively replaced existing plant communities, vegetation
height, density, and cover in the fescue plot was much higher than in untreated tern nesting
habitat, and no terns nested in the fescue plot. We recommend that paleobotanical inventories be
conducted to identify other grass species that could potentially be used to reestablish suitable tern
nesting habitats on islands. Further, we recommend that the variety of vegetation management
treatments (e.g. saltwater pumping, halite application, soil removal by pressure hose, livestock
grazing) reviewed by Kress and Hall 2004 and Chapter 2 of this thesis be experimentally tested.
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Table 1.1. List of vascular plants observed in study plots and tern habitat, Eastern Egg Rock and
Outer Green Island, Maine, 2009-2010. (Frequency: A=annual, P=perennial, B=biennial. Type:
F=forb, G=graminoid, V=vine, S=shrub. Status: I=introduced in New England, N=native to New
England. Plot types: T=tern habitat, C= control, B=burn, W=weed barrier, P=fescue planted.
Frequency, type and native status information from USDA 2010 and Rajakaruna et al. 2009).

Scientific name

Common name

Frequency

Type

Status

Plot types
(EER)

Achillea millefolium L.

Common yarrow

P

F

I

TCW

Ambrosia artemisiifolia L.

Common ragweed

A

F

N

TCBW

Angelica lucida L.

Seaside angelica

P

F

N

TCBW

Anthemis arvensis L.

Field chamomile

A

F

I

F

Arctium lappa L.

Greater burdock

B

F

I

F

Argentina anserina (L.) Rydb.

Silverweed

P

F

N

Brassica juncea (L.) Czern

Indian Mustard

A

F

I

Calystegia sepium (L.) R. Br.

Hedge bindweed

P

V

N

TCBW

Cerastium fontanum Baumg.

Mouse-ear chickweed

P

F

I

T

Chenopodium album L.

Lamb's quarters

A

F

I

TBW

Crepis capillaris (L.) Wallr.

Smooth hawksbeard

A

F

I

Elymus repens (L.) Gould

Quackgrass

P

G

I

TCBW

Elymus virginicus L.

Wild rye

P

G

N

T

Epilobium ciliatum Ref.

Northern willowherb

P

F

N

TW

Festuca rubra L.

Red fescue

P

G

I

P

Heracleum maximum Bartram

Cow parsnip

P

F

N

CBW

Impatiens capensis Meerb.

Jewelweed

A

F

N

W

Juncus bufonius L.

Toad Rush

A

G

N

TBW

Lathyrus japonicus Willd.

Beach pea

P

V

N

T

Lepidium virginicum L.

Wild peppergrass

A

F

N

Malva neglecta Wallr.

Common mallow

A

F

I

TB

T

Matricaria discoidea DC.

Pineappleweed

A

F

I

TBW

TB

Persicaria hydropiper (L.) Spach

Water pepper

A

F

I

BW

TCBW

Persicaria maculosa L.

Lady's thumb

A,P

F

I

TCBW

W

Phleum pratense L.

Timothy

P

G

I

TCBW

Plantago major L.

Common plaintain

P

F

I

T

TCBWP

B
CB
TCBW
TBW
W
TCBWP

W

Poa annua L.

Low spear-grass

A

G

I

T

Poa palustris L.

Fowl meadow grass

P

G

N

TBW

Polygonum aviculare L.

Common knotgrass

A

F

I

TB

Polygonum erectum L.

Erect knotweed

A

F

N

Portulaca oleracea L.

Purslane

A

F

I

TBW

Potentilla norvegica L.

Rough cinquefoil

A,P

F

N

TW

Ranunculus cymbalaria Pursh

Seaside crowfoot

P

F

N
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Plot types
(OGI)

T
T
T

TCB

Raphanus raphanistrum L.

Wild radish

A

F

I

TCBW

Rubus idaeus L.

Wild red raspberry

P

S

I

C

Rumex crispus L.

Curled dock

P

F

I

TW

CBW

Rumex obtusifolius L.

Bitter dock

P

F

I

W

W

Schoenoplectus pungens (Vahl) Palla

Three-square

P

G

N

T

Sinapis arvensis (L.) ssp. avensis

Wild mustard

A

F

I

TB

Sinapis arvensis L.

Charlock mustard

A

F

I

B

Sisymbrium officinale (L.) Scop.

Hedgemustard

A

F

I

W

Solanum dulcamara L.

Bittersweet nightshade

P

V

I

Solidago juncea Aiton

Early goldenrod

P

F

N

Solidago sempervirens L.

Seaside goldenrod

P

F

N

Sonchus oleraceus L.

Common sowthistle

A

F

I

Spergularia salina J. Presl & C. Presl

Salt-marsh sand-spurrey

A

F

N

TBW

T

Stellaria media (L.) Vill.
Symphyotrichum novi-belgii (L.) G.L.
Nesom var. novi-belgii

Common chickweed

A

F

I

TCBW

TCBW

New York aster

A

F

N

TCBW

Trifolium repens L.

White clover

P

F

I

CBW

Urtica dioica L. ssp. dioica

Stinging nettle

P

F

N

TCBW
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CW

TBW

TCW
CB

TCB
TCBW

CBW

Table 1.2. Mean values for vegetation height, percent cover, density, proportion of annuals, proportion of introduced species, and
proportion of forbs by study plot and sampling period, Eastern Egg Rock and Outer Green Island, ME, 2009-2010. (L=lay, H=hatch,
F=fledge)
Burn
L

H

Barrier
F

240.78 554.99 727.46

Height (mm)
% Cover

79.53

94.76

L

H

Planting
F

22.50 105.96 427.07

Control

L

H

F

297.22

472.22

557.50

98.72

98.50

100.00

L

H

Habitat
F

412.38 615.09 624.69

F

96.25 56.88 330.91

11.92

24.51

40.66

Density (shoots/m ) 452.83 837.19 555.94

4.72

4.19

3.78

Prop. Annuals

0.24

0.23

0.29

0.25

0.24

0.30

0.00

0.01

0.00

0.04

0.07

0.05

0.68

0.68

0.62

Prop. Introduced

0.76

0.76

0.81

0.35

0.58

0.59

1.00

1.00

1.00

0.87

0.85

0.88

0.49

0.40

0.58

Prop. Forbs

0.38

0.37

0.39

0.37

0.49

0.47

0.00

0.01

0.00

0.22

0.24

0.23

0.77

0.79

0.70

7134.38 7073.73 9733.38
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94.64

H

98.29

2

89.38

L

97.86

25.13 22.63

46.42

490.33 626.33 562.44

20.06 13.99

8.96

Table 1.3. Kruskal-Wallis scores for burn and weed barrier plots between 2009 and 2010,
Eastern Egg Rock and Outer Green Island, ME, 2009-2010. Significant p-values in bold font; all
other p-values are non-significant.

Burn

Weed barrier

Height

score
p
df

0.3117
0.5766
1

59.181
1.44E-14
1

% Cover

score
p
df

2.2812
0.131
1

87.3353
2.20E-16
1

Density

score
p
df

0.604
0.437
1

87.3353
<2.2e-16
1

Prop. Annuals

score
p
df

4.4977
0.03394
1

71.2201
<2.2e-16
1

Prop. Introduced

score
p
df

0
1
1

238.5106
<2.2e-16
1

Prop. Forbs

score
p
df

2.5211
0.1123
1

41.6254
1.11E-10
1
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Table 1.4. Kruskal-Wallis scores for treated plots compared to control plots and tern habitat by sampling period, Outer Green Island
and Eastern Egg Rock, ME, 2009-2010. Significant p-values in bold font; all other p-values are non-significant. (L=lay, H=hatch,
F=fledge)
Burn vs.

Weed Barrier vs.

Control
L
Height

% Cover

Density

score

Introduced

H

F

L

H

F

H

F

186.8

3.963

0.518

2.595

8.459

2.419

2.114

1.117

<2.2e-16 <2.2e-16

0.0465

0.472

0.107 0.00363

0.120

0.146

0.291

L

H

F

27.040

51.792

11.756

4.993

df

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

7.317

0.224

2.806

126.517

186.472

189.624

136.925

229.506

124.147

7.0E-04

0.627

1.820

4.126

3.523

5.304

46.244

42.639

42.957

p

0.00683

0.636

0.0939

<2.2e-16 <2.2e-16 <2.2e-16

0.978

0.428

0.177

0.422

0.0605

0.0213

df

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

3.304

8.640

0.760

82.067

127.755

104.856

92.707

182.393

153.707

7.089

15.69

16.999

46.493

37.774

47.996

45.061

40.441

43.914

0.0691 0.00329

0.383

<2.2e-16 <2.2e-16 <2.2e-16
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Table 1.5. Common Tern clutch size, hatch success, and fledge success by island and year with standard deviations, Eastern Egg Rock
and Outer Green Island, ME, 2009-2010. (B= burn plots, W= weed barrier plots, T= tern habitat, P= fescue planted plots)
Year
2009

Island
EER

OGI

2010

EER

OGI

Type

Total

N

Clutch

SD(clutch)

Hatch

SD(hatch)

Fledge

SD(fledge)

B

20

20

2.2

0.48

0.3

0.24

0

0

W

0

0

0

0

0

0

0

0

T
B

1036
0

73
0

2.3
0

0.66
0

1.97
0

0.84
0

0.7
0

0.58
0

W

41

6

2.167

0.278

1.333

0.833

1

0.667

P
T

0
837

0
61

0
1.87

0
0.38

0
1.7

0
0.59

0
1.68

0
0.62

B

13

13

2.077

0.426

0.231

0.391

0

0

W
T

1
714

1
56

1
2.36

0
0.59

0
2.08

0
0.72

0
1.09

0
0.67

B

1

1

3

0

3

0

3

0

W
P

76
1

9
1

2.778
2

0.247
0

2.111
1

0.444
0

1.778
1

0.914
0

1151

68

2.81

0.4

2.63

0.6

2.09

0.82

T

25

Figure 1.1. Map of Outer Green Island, ME, showing study plots, 2009-2010. Map created by
Robert Houston, USFWS Gulf of Maine Coastal Program.
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Figure 1.2. Map of Eastern Egg Rock, ME, showing tern habitat and study plots, 2009-2010.
Map created by Robert Houston, USFWS Gulf of Maine Coastal Program.
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Figure 1.3. Transect grid for study plots, Outer Green Island and Eastern Egg Rock, ME. The
dashed line indicates a 0.5 m buffer around the edge of the plot. The first point in each sampling
transect was located at the dotted line, and we then sampled at 1m intervals for a total of 10
points per transect.
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Figure 1.4. Biplot of the first two axes of a principal components analysis of plant species
proportions and plant community variables on treated, control, and habitat plots, Outer Green
Island and Eastern Egg Rock, ME, 2009-2010. Numbers represent samples (plots), and vectors
represent plant community characteristics. The two axes displayed in this biplot explain 79% of
variance (PC1: Eigenvalue=3.350, prop. variance=0.558; PC2: Eigenvalue=1.376, prop.
variance=0.229).
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Figure 1.5. Position of plots occupied and unoccupied by nesting terns on the first two axes of a
principal components analysis, Outer Green Island and Eastern Egg Rock, ME, 2009-2010.
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Figure 1.6. Comparison of vegetation height, percent cover, and density for Eastern Egg Rock
(EER) and Outer Green Island (OGI), ME, 2009-2010. (L=lay, H=hatch, F=fledge)

EER
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d. Height (mm)

b. % cover
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Figure 1.7. Vegetation height, percent cover, and density in weed barrier plots in 2009 (muslin
fabric) and 2010 (artificial turf), Outer Green Island and Eastern Egg Rock, ME. (L=lay,
H=hatch, F=fledge)
a. Height

b. % cover

c. Density
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Figure 1.8. Vegetation height, percent cover, and density in fescue-planted plot, Outer Green
Island, ME, 2009-2010. (L=lay, H=hatch, F=fledge)
a. Height (mm)

b. % Cover

c. Density (shoots/m2)
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Figure 1.9. Common tern clutch size, hatch success, and fledge success by treatment, Outer
Green Island and Eastern Egg Rock, ME, 2009-2010.
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CHAPTER II

REVIEW OF HISTORICAL AND ONGOING VEGETATION MANAGEMENT
IN NORTH ATLANTIC TERN BREEDING COLONIES

Abstract

Although the tendency of nesting seabirds to modify the vegetation in their breeding colonies is
well-studied, there is little research on the loss of nesting habitat resulting from vegetation
overgrowth. In the North Atlantic, where many seabird colonies are recently restored or
resurgent, this loss of nesting habitat by vegetation overgrowth is a major variable limiting
seabird nesting habitat, especially for members of the Sternidae. Seabird colony managers,
limited by personnel and funding, are often forced to manage vegetation on an as-needed basis
with little regard to study design and monitoring. Meanwhile, very little published research is
available to guide management efforts, suggesting that managers are forced to take a trial-anderror approach in search of techniques that are effective and feasible. Further, habitat
management programs must balance the ecological sensitivity, difficult access, and temporal and
spatial limitations of most seabird breeding colonies in their vegetation management programs.
By surveying colony managers throughout the region and collecting published research, I have
gathered a summary of past and ongoing vegetation management techniques used on seabird
nesting islands, including their costs, methods for application, and effectiveness. This review will
hopefully serve as a reference for managers within and outside the region.
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Introduction

Numbers of terns (Sternidae) in North Atlantic seabird colonies fluctuated dramatically
over the past two hundred years. Decimated by hunting and egging, they rebounded with
increased protection in the early part of the 20th century, only to decrease again due to predation
pressure from Black-backed (Larus marinus) and Herring (Larus argentatus) gulls (Kadlec and
Drury 1968, Kress et al 1983). Thanks to intensive multi-partnership conservation programs
involving tern attraction, lethal and non-lethal gull deterrence, and on-site steward/warden
programs, North Atlantic tern populations, including Common (Sterna hirundo), Arctic (Sterna
paradisea), Roseate (Sterna dougallii), Little (Sternula albifrons), Least (Sternula antillarum),
and Sandwich (Thalasseus sandvicensis) Terns, have stabilized or continue to increase
(Anderson and Devlin 1999, Nisbet and Spendelow 1999, Clark and Frid 2001, Allen 2010).
Seabird guano, with its high levels of N and P, as well as plant seeds and contaminants,
are important factors affecting the growth of island vegetation communities (Gillham 1956,
Anderson and Polis 1999, Sánchez-Piñero and Polis 2000, Ellis 2005, Magnusson and
Magnusson 2009). Though the effect varies by plant species, guano generally increases the
biomass, height, and cover of island vegetation (e.g. Hutchinson 1950, Polis and Hurd 1996,
McMaster 2005, Wait et al 2005, Wainright 1998, Rajakaruna et al 2009). Yet, most terns do not
nest in tall vegetation; rather, they select open areas easily accessed from the air (Burger and
Gochfeld 1988) with adjacent patches of vegetative cover providing protection from conspecific
aggression, aerial predation, and severe weather (Severinghaus 1982, Houde 1983, Nisbet 2002).
In the 1930s, Oliver Austin, a seabird naturalist working on Cape Cod, proposed a “successional
cycle” for seabird islands—the idea that seabirds gradually alter their breeding habitat until it is
no longer suitable, at which point they must move to new colonies (Austin 1934). At the time,
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Austin noted that resurgent seabird colonies readily moved between islands as growing
vegetation claimed available habitat. However, the need for intensive monitoring, as well as
coastline development, has since limited the number of islands available for tern nesting
colonies. In Maine, for example, the number of individual seabird colonies has decreased from
at least 75 in 1885 (Drury 1973) to only 19 by 2010 (Allen 2010).
Additionally, island vegetation communities changed dramatically since the 19th century.
Narrow-leafed, salt-tolerant native grasses on most nesting islands were replaced by broadleaved species such as quackgrass (Agropyron repens), and timothy (Phleum pratensis), and
native hedge bindweed (Calystegia sepium) in North America, and Yorkshire fog (Holcus
lanatus) and common beet (Beta vulgaris) in Europe. Typically, these plants grow too densely
for nesting terns, although the dense vegetation is used for nesting on some islands by tern
competitors such as laughing gulls (Larus atricilla) and black-headed gulls (Larus ridibundus)
(Burger and Shisler 1978, Morrison and Gurney 2000). Areas not covered by grasses often
contain a deep seed bank composed of native and non-native annuals that also grow too high for
optimal tern nesting. On sandy soils, American beachgrass (Ammophila brevigulata), a native
plant often used to stabilize dunes against erosion, readily spreads to cover open habitat,
excluding tern nesting.
There are several unique challenges affecting vegetation management at seabird colonies.
First, tern nesting coincides with the growing season for most North Atlantic plant species in
mid-May and late August, meaning that many traditional techniques that rely on post-emergent
plant control, such as mowing, grazing, and most herbicides, cannot be applied when they are
most effective. Further, using such techniques before the start of the season can create a
“ecological trap” effect, in which an area appears suitable at nest initiation but becomes too
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overgrown for chicks to survive and fledge (Chpt. 1). Additionally, the inaccessibility of seabird
colonies on islands and their ecological sensitivity typically prevent the use of vegetation
management strategies that require heavy equipment, bulky materials, or noxious chemicals.
Further, vegetation management is generally treated as secondary to seabird research and
monitoring activities rather than a focus for experimental testing. Thus, island vegetation
management information is sparse in the scientific literature, and managers often replicate one
another’s trial-and error processes while searching for effective vegetation control measures.
The purpose of this report was to collect and synthesize information on vegetation
practices used in seabird nesting colonies. Given the vast differences between bird and
vegetation communities in different regions, I chose to focus on Common Tern breeding areas in
the temperate North Atlantic, including the Gulf of Maine and mid-Atlantic coast of the United
States and the Atlantic coast of Europe. Through a combination of literature searches and
contacts with managing agencies, I gathered both published and unpublished information on
vegetation management at seabird colonies throughout the region.

Materials and Methods

To identify potential management techniques available for use on seabird islands, I
surveyed weed management publications, particularly the Journal of Weed Science. I used the
following criteria to select appropriate techniques: 1) usable on offshore islands (i.e., materials
can be transported; 2) acceptable level of environmental impact; 3) application before or after the
growing season, or possible to apply without damaging nests and chicks. Once I had identified
appropriate techniques, I created a survey for colony managers (Appendix B). I used the Gulf of
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Maine Seabird Working Group for North American contacts and the LIFE Seminary for
European contacts, obtaining additional contact details opportunistically. I also checked agency
websites (e.g. state Audubon societies, state Fish and Wildlife Departments, U.S. Fish and
Wildlife Service, etc.) for contacts and information. For islands or organizations I was unable to
obtain survey information, I relied on written or telephone conversations with managers
(indicated by pers. comm.). In many cases, I also obtained work plans, written presentations,
and other unpublished materials from contacts.
To assess treatment success rates, I assigned a value of 1 to treatments that provided tern
nesting habitat during a single nesting season (nest initiation to chick fledge) and a value of zero
to treatments that did not last a single season or did not provide habitat from which tern chicks
successfully fledged. I then used these values to calculate the average duration of each
treatment.

Results
Locations

I received responses from 35 islands or island groups (Table 2.1) with three located in
eastern Canada, 23 along the east coast of the United States, and 9 in Europe (Figure 2.1). All
islands included in the survey are current or historic tern breeding sites located between 33° and
55° latitude. Island characteristics; including size, distance off-shore, structure, and breeding
species information (Table 2.2) and management efforts (Table 2.3) were also summarized.
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Target plant species

Although many plant species were identified as targets of management actions (Table
2.4), many managers have little botanical background and/or describe plant communities broadly
based on their suitability for nesting terns. Aside from the species listed, most managers
described problems with general categories of plants, e.g. “broad-leafed weeds” (annuals or
grasses), “European pasture grasses”, or “rank vines”. Generally, any tall vegetation that holds
moisture, entangles birds, or grows in stands with high shoot density and high canopy cover was
considered undesirable for tern nesting. Managers were more concerned with the physical
characteristics of vegetation than with native status, and target plants included both native and
alien species. Identified target plants also included a combination of annuals (9 species) and
perennials (24 species) (Table 2.5).

Techniques Overview

In the scientific literature I identified three major categories of vegetation management
strategies including twelve techniques: post-emergent vegetation removal (including herbicide
application, burning, weeding, and grazing), pre-emergent soil manipulation (including soil
removal, solarization, salt application, and mulching), and habitat construction techniques that
cover existing soil and vegetation (including weed barriers, stone or gravel barriers, filling and
dredging, and re-seeding). Each of these techniques was used on at least one island among the
survey respondents. Although the survey included space for additional management methods, no
other techniques were reported.
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Post-emergent vegetation removal

Herbicides
Post-emergent herbicide is a readily-available, relatively effective, and common method
of vegetation management in seabird nesting areas (Worsham et al 1974, Cook-Haley and
Millenbah 2002, Burbudge 2008), and was used on 13 of the 35 islands. All islands used postemergent herbicides, with a pre-emergent product also used on one island. When used as the
only treatment, herbicides were applied in spring between early April and mid-May. However,
when herbicide was applied as preparation for subsequent treatment (e.g. burning, raking),
application usually occurred in fall. Area of application was highly variable, from spottreatments of individual plants up to large (1.2 ha) patches. Cost varied accordingly, reaching
over $200 for the largest (1.2 ha) treatment. Roundup was the most commonly used brand,
followed by Rodeo, Accord, Matran EC, and Garlon 3A.
Success of herbicide treatment varied between islands, with an overall success rate of
0.357. Generally, when used in isolation in the spring, herbicide was successful in creating
appropriate nesting habitat at least through nest initiation. However, most islands also reported
that the treated areas either regrew with annual seeds in mid-late June or experienced flop-over
effects from neighboring tall vegetation. Only Burbidge (2008) monitored tern-nesting success
in herbicide treated areas, and she reported that overgrowth of annuals caused significant nest
failure on Whites and Seavey Islands (NH). Respondents in Massachusetts and Great Gull
Island (NY) reported that herbicide use provided appropriate habitat for a full nesting season
(i.e., long enough to allow chicks to fledge successfully), while respondents in Canada and
Maine reported earlier regrowth of annuals that precluded fledging success. Effectiveness
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generally seemed to be greater in sandy soils dominated by perennials than in seed-rich peat
soils.
Costs and application time were low for herbicide treatments. Environmental impacts
varied by product used. Organic products such as Matran EC, a clove-oil based product, and
Corn Gluten Meal, the only pre-emergent product used, have minimal impact on surrounding
land and aquatic communities; however, managers who used these products reported lower
effectiveness than traditional chemical treatments (S. Hall, pers. comm.). Chemical products
designed for use in aquatic environments (e.g. Accord, Rodeo) are significantly less toxic to
marine life than traditional chemical products (Tsui and Chu 2003, Upadhyaya and Blackshaw
2007). For Roundup, potential environmental impacts are somewhat higher and include high
death rates among aquatic amphibians (Relyea 2005), herbicidal effects on algae and aquatic
plants (Tsui and Chu 2003), reduction of phytoplankton (Perez et al 2007), and mild toxicity to
fish (Szarek et al 2000).
Additionally, herbicide use can be problematic from a public relations standpoint, even if
the procedure is fully permitted and environmentally sound. An herbicide application on Jenny
Island (ME) exacerbated existing tension between island managers and the local lobstering
community, possibly leading to the deliberate introduction of a nest predator to the island (B.
Allen, pers. comm.). Managers who choose large-scale herbicide application as a means of
vegetation control should be aware of community sentiment and be prepared to explain or defend
the potential environmental impacts of the work.

Burning
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Prescribed burns have long been used in wildlife habitat management, although their
effects differ depending on plant and soil types as well as timing of application (Cushwa and
Martin 1969, Lewis and Harshbarger 1976, Robbins and Myers 1992, Sparks et al 1998).
Burning was used for vegetation management on 11 of the 35 islands surveyed, although
controlled burns were not used on two islands (Machias Seal Island and Penikese) since
lighthouse keepers staffed the islands in the early part of the century. Burning was standard
practice to control vegetation growth in seabird nesting areas (Newell 1985, Conkling 1999), and
keepers generally burned much of the island vegetation annually.
In most cases, burns cover a much broader area than other techniques, including 1 ha on
Seavey Island and 13.8 ha on Monomoy Island. These burns were generally set in the fall using
drip torches and controlled with portable water pumps. Several factors affect the use of fall
versus spring burns, including: greater fuel availability, generally milder and more predictable
weather, and advantages of burning after a summer of drying rather than in the damper
conditions prevalent in winter and spring. Costs were fairly high (above $200 for the 13.8 ha
burn on Monomoy), but some organizations manage their costs in other ways. National
Audubon Society purchased its own equipment rather than hiring outside technicians, and
Seavey Island was burned by state wildlife agency employees as a training exercise.
The overall success rate of burn treatments was 0.364. Some islands had great success
with burn treatments. Seavey Island reported that burned habitat lasted for a full breeding season
(possibly assisted by overwash from winter storms) and did not regrow until after chicks had
fledged. Some tern chicks fledged successfully from burned habitat on Great Gull Island;
however, on both Seavey and Great Gull Islands, burned areas regrew more densely in the
seasons following the burn. In contrast, burns conducted on Tern Island throughout the 1960s
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did not slow the spread of vegetation and by 1969 the colony abandoned the island due to habitat
loss (B. Prescott, pers. comm.). Most other organizations reported that burned areas regrew very
densely with annual plants, although perennials were controlled. On Eastern Egg Rock, Outer
Green Island, and Petit Manan Island, burned habitat was clear for nesting at the start of the
season but regrew before chicks could fledge. On Eastern Egg Rock and Outer Green Island,
managers used a propane jet torch to conduct spring burns in 2009 and 2010, hoping that the
directed flame would sterilize the upper layer of soil more effectively than a quick-burning drip
torch fire. Although all surface vegetation was burned, these plots regrew in mid-June, and terns
nesting on the plots experienced total nest failure.
Managers express concerns about the effects of burning on habitat for non-target species.
On islands with burrow-nesting seabirds, whose chicks often fledge late in the fall, burns must be
timed to insure that all adults and fledglings have left the burrows. Further, increased density of
vegetation caused by burning tends to limit nesting habitat for interior-nesting species, such as
Laughing Gulls and Common Eiders, which prefer full canopy cover and an open understory.
On Eastern Egg Rock, for example, burned habitat regrew with annuals much more densely than
the grassy habitat that had existed before the burn, and no Common Eiders nested in the resulting
habitat. Appropriate fire-safety measures are necessary to ensure that the fire does not spread to
undesirable areas or persist in peat soils (Simmons 2006, W. Patterson, pers. comm.).

Hand-weeding
One of the earliest examples of vegetation management conducted with the direct aim of
reclaiming overgrown seabird habitat was conducted by Oliver Austin (1934). In a few days of
hand-pulling, Austin and his team cleared 90% of the beachgrass from overgrown Tern Island,
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off the coast of Chatham, MA. They reported the area was quickly re-colonized by Common
Terns; thousands of pairs of terns nested successfully, producing more than two chicks per pair.
In recent years, managers on 17 of the 35 islands reported hand-weeding, from small
patches (4 m2 plots on Seavey Island, productivity plots on islands managed by National
Audubon) to large areas (0.4 ha on Monomoy Island, 0.8 ha on Falkner Island, 200m2 on Île de
la Colombière, Île aux Dames, Île de Trevorc'h, Île aux Moutons, and Petit Veizit). Many of
these large areas were dominated by grasses. Managers generally weeded in March or April,
although this technique offers the flexibility of continued weeding throughout the season
(reported by Seavey Island, Bird Island, Jenny Island, and Outer Green Island). Treatment
success was variable, with an overall success rate of 0.412. Although managers reported that
weeded areas provided a full season of tern nesting habitat on Falkner Island, Tern Island,
Massachusetts Least Tern colonies, Île de la Colombière, Île aux Dames, Île de Trevorc'h, Île aux
Moutons, and Petit Veizit, islands in the northern Gulf of Maine reported high levels of regrowth
before the end of the breeding season. Apparently, hand-pulling was not sustainable on an
annual basis—managers on Great Gull Island, Tern Island, and Bird Island reported switching
from hand-pulling to mechanical weed control because the growth became too difficult to
manage. Several islands also controlled weeds using hand tools, including loppers (Rockabill
Island), hoes and shovels (Great Gull Island), shears and sickles (Île de la Colombière, Île aux
Dames) and rakes (Monomoy Island), either in isolation or as part of another treatment such as
herbicide or mechanical control. In a comparative study, raking alone had no effect on tern
habitat on Monomoy Island, although plots that were raked in spring after a fall herbicide
treatment remained open for a full breeding season (S. Koch, unpubl. data).
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Hand-weeding has the advantages of negligible environmental impact and low cost.
Although hand-weeding requires more labor than herbicides or burning, it can be conducted with
little or no training by volunteers. Most islands using hand-weeding over extensive areas report
spending between 10 and 20 person-hours on hand-weeding. Additionally, hand-weeding can be
conducted on an as-needed basis during the season, unlike other treatments. However, it is the
most labor-intensive method available and is particularly ineffective in peat soils with mixed
vegetation communities.

Mechanical weeding
Mechanical weeding was the most widespread treatment, reported by 21 of the 35 survey
islands. Equipment ranged from hand-held string trimmers and brushcutters to heavy machinery,
although the larger equipment was only used on non-island beach colonies and on flat or lowprofile islands such as glacial deposits and dredge spoil islands. Although mechanical weeding
had a fairly high overall success rate of 0.476, effectiveness was highly dependent on variations
in applicaton.
The most commonly-used tools for mechanical weeding were string trimmers and
brushcutters (Eastern Egg Rock, Outer Green Island, Jenny Island, Seavey Island, Bird Island,
Monomoy Island, Tomkins Island, Coquet Island, Île de la Colombière, Île aux Dames, Île de
Trevorc'h, Île aux Moutons, Petit Veizit), which are lightweight, can be transported and operated
by a single individual, and use inexpensive, commercially-available gasoline and motor oil. The
full cost of treatment, even for large (up to 0.4 ha) areas, is generally under $50, and application
time is low (<10 h). Used in isolation, trimming can reduce the height of grasses and annual
plants; however, depending on the target vegetation, significant regrowth may occur over the
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course of the season if some other technique is not applied. Managers on Eastern Egg Rock
found that using a string trimmer on a section of interior meadow habitat slightly reduced the
number of nesting Laughing Gulls, but vegetation regrew to a height of at least 1m by mid-June
and covered exposed rocks (Lamb 2010). Similarly, managers on Seavey Island (NH), an island
with rocky peat-soil habitat, also reported that trimming alone was ineffective over a full season.
On Monomoy Island (MA) a brushcutter was used to remove beachgrass from 0.4 ha of tern
habitat in spring, and the removal was effective for a full nesting season. Managers on Bird
Island (MA) regularly employ a brushcutter to remove woody stems in the spring, reducing bird
entanglements and disturbance by researchers moving around the colony. Managers on Île de la
Colombière, Île aux Dames, Île de Trevorc'h, Île aux Moutons, and Petit Veizit (FRA) reported a
full season of nesting habitat in areas treated with a brushcutter and hand tools.
Seven islands also used string trimmers and brushcutters in combination with other
techniques (landscape fabric, burning, and herbicide treatment). These tools offer an efficient
method of preparing bare ground or creating thatch as necessary.
Tilling, a common practice in agricultural fields, has been infrequently used as a
management technique. On Outer Green Island (ME), managers used a hand-held rotary tiller as
part of a pre-emergent herbicide application. Soil that was tilled without the herbicide re-grew
with annuals within a month of application (Lamb 2007). On Great Gull Island (NY), tilling,
using a tractor-pulled disc-harrow, has been part of vegetation management procedures every
April since 1993. The procedure keeps invasive grasses in check and opens enough habitat to
provide some terns with nest sites throughout the season (H. Hays, pers. comm.).
Besides hand-held trimming tools, two colony managers reported using heavy
agricultural and construction equipment to clear weeds. At least terns beach nesting colonies in
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Massachusetts, where access to heavy equipment does not require boat transport, managers
reported that stands of beachgrass can be cleared efficiently using loaders, caterpillars, and
tractors, and that the resulting habitat lasts for several seasons without repetition (E. Jedrey, pers.
comm.). However, permitting difficulties and equipment availability make this an infrequent
procedure. Managers on Great Gull Island (NY) used a tractor and chain, brought to the island
on a loading barge, to remove bittersweet. During the 1980s, the island also had intermittent use
of a bulldozer borrowed from construction projects on nearby islands. Both of these procedures
were expensive (>$200), but also proved effective over 2-3 seasons without repetition. Part of
the effectiveness of heavy machinery in vegetation management results from the removal of
roots, soil, and weed seeds in addition to target vegetation, leaving fewer propagules to recolonize the remaining soil.

Large mammal grazing
Until the mid-20th century, local farmers used many islands for pasturing sheep and cattle
(Fallon 1991, Conkling 1999). A few islands with seabird colonies still have resident
populations of sheep; however, for the most part, sheep grazing has moved to inland locations.
While large mammal grazing is often effective on inland grasslands; the logistics of moving
animals on and off islands are difficult for seabird managers using livestock for vegetation
control. Only three survey islands—Seal Island (ME), Petit Manan Island (ME) and Metinic
Island (ME)—have used mammal grazing as a habitat management tool. Penikese Island
reported mammal grazing in the early part of the century but has not deliberately used the
technique for management purposes.
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Metinic Island has the unusual advantage of having a resident population of sheep, a local
breed managed by resident farmers and bred for suitability to island living. Outside the ternnesting season, the sheep are allowed to graze freely throughout the island; during tern nesting
season, they are kept confined by local farmers. The procedure thus requires no additional effort
or cost, and habitat on Metinic Island has remained open without overgrowth (A. Leppold, pers.
comm.). Three sheep from Metinic Island were brought to nearby Seal Island during the fall of
1994 and summer of 1995, along with two goats from a local farm. They were maintained in
adjacent pens using electrified fencing. Vegetation monitoring indicated that both sheep and
goats changed the height of vegetation and created open nesting habitat by exposing bare ground
and rock, with sheep cutting slightly closer to the ground than goats (Williamson and Schubel
1995, Kress 1995). In recent years, Petit Manan Island has also used livestock grazing on
experimental plots, although results of this work are unavailable (MCINWR, L. Welch,
pers.comm.). The overall success rate of large mammal grazing based on the results of the
survey is 0, due to lack of experimental monitoring and results.
Major concerns associated with using large mammals on seabird nesting islands are the
impacts of trampling and animal waste on nesting seabirds eggs and chicks and, where
applicable, burrows (Furness 1988). Large mammals can be transported by boat with relative
ease, but significant amounts of time and money are required for restraint. On both Seal Island
and Metinic Island, livestock (goats on Seal Island, sheep on Metinic) frequently broke out of
their pens, exposing eggs and chicks to trampling risk and requiring wardens to capture and
return animals to their pen. As a last resort, the goats on Seal Island were tethered to prevent
escape (A. Leppold pers. comm., Williamson and Schubel 1995). Additionally, on islands prone
to erosion, persistent grazing my contribute to erosion effects (Seliskar 2003).
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Small mammal grazing
Native or introduced populations of small mammals often have a major effect on island
vegetation, and the short-term success rate of small mammal arrival is high (0.667). On Great
Gull Island (NY) and The Brothers (NS), populations of meadow voles had significant effects on
tern habitat. In the four years following the 1981 natural colonization of Great Gull Island by
meadow voles, tern numbers more than tripled as the voles consumed significant areas of pasture
grasses (Hays 1984). Managers observed the same phenomenon on The Brothers, where
meadow voles arrived in the mid-2000s, reducing the coverage of perennial grasses. However,
in both cases, the habitat resulting from vole introduction did not persist. Voles did not consume
the weedy annuals that replaced grasses, and newly-opened habitat quickly became unsuitable
with the spread of annual herbaceous plants (H. Hays pers. comm., T. d’Eon pers. comm.).
Muskrats occurred naturally on several of the islands, but there were limited effects on
vegetation dynamics (D. Hayward pers. comm.).
Rabbits played a significant role in vegetation control on two study islands. Penikese
Island (MA) had a large population of rabbits through the 1970s and 1980s that mostly died out
in the 1990s. Since the die-off, herbaceous annuals such as mustard that was previously sparse,
grew significantly more dense and uncontrollable (I. Nisbet pers. comm.). Similarly, after
rabbits died off naturally on Coquet Island (ENG) in 2007, broad-leafed weeds began to
overgrow previously open tern-nesting habitat. Once a re-seeding program is completed on
Coquet to replace invasive grasses, island managers plan to re-introduce rabbits to keep
shortgrass plots free of broad-leafed weeds (P. Morrison pers. comm.).
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Small mammal introduction requires little investment of time or money; however, it is
impossible to control the areas and extent of grazing once a population has been established. On
islands with burrow-nesting birds, small mammals could adversely affect the structure of soils
and root systems or occupy burrows used by nesting seabirds. Additionally, if desirable plant
species are extirpated via small mammal grazing, the replacement plants may be equally
unsuitable for seabird nesting. Additionally, replacement plants may be more difficult to control,
and less desirable for vole forage, as reported for Great Gull Island and The Brothers. Yearround presence of rodents may also attract large avian predators such as gulls and owls (I. Nisbet
pers. comm., S. Hall pers. comm.), which can reduce nesting tern fledge success.

Pre-emergent vegetation removal

Soil removal
Four islands removed soil in efforts to manage vegetation, one with hand tools and three
with heavy equipment. The hand-removal project, on Outer Green Island (ME), involved a
volunteer group of students who used shovels and hoes to remove peat soil from an area of
approximately 40 m2. The project took over 40 person-hours to execute and failed to provide
tern nesting habitat that breeding season (J. Lamb unpubl. data). Although most soil was
removed from the plot, what remained became overgrown in early June, well before chick hatch.
The soil extracted from the plot created mudslides during heavy rain. Employing volunteer
labor, using donated equipment, and enlisting volunteers for transportation kept the cost of the
procedure low, although landing a large group of volunteers on an inaccessible island was a
challenge (Kress 2009).
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However, when heavier equipment was used, soil removal was generally successful and
the treatment had an overall success rate of 0.75. Seavey Island (NH) used a high-pressure hose
that was on the island as part of a controlled burn, to remove small amounts of soil that had
collected on and around rocks. The water pressure was enough to peel the soil off the rocks and
expose some areas that were overgrown. Terns used this habitat in the first season after
treatment. The procedure was not time-consuming (less than five person-hours) and the seawater
hose had little environmental impact.
Bulldozers were used to remove sand and soil on Great Gull Island (NY) and Least Tern
colonies in Massachusetts to mimic overwash. The removal was effective for the first season,
but typically needs repeating annually that is problematic considering permits (in Massachusetts)
and equipment availability. Heavy equipment was available sporadically throughout the 1980s
on Great Gull Island where it was being used for improvement projects on nearby islands.. The
time investment for mechanical soil removal is fairly low (10-20 h) and effectively creates
habitat within the year of application. However, considerable logistics are involved in
transporting heavy equipment and fuel, obtaining permits, and dealing with the potential
problems of sand/soil compaction and damage to burrow-nesting seabird habitat.

Solarization
Solarization is the application of a clear plastic barrier over areas previously cleared of
vegetation, fully sealing the edges with soil, so that temperatures underneath the plastic will rise
to a level high enough to kill buried seeds (generally 40-55° C) (Upadhyaya and Blackshaw
2007, Cohen et al. 2008, el-Keblawy and al-Hamady 2009). Most examples of this procedure
are from tropical latitudes, and only one island, Outer Green Island, reported using solarization.
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Managers treated a 50 m2 area in summer 2007 and monitored the temperature daily using a
thermometer inserted through the plastic. Lamb (2007) reported that temperatures never reached
more than 90° F, well below the critical level, and some plant shoots grew underneath the plastic
cover. The low temperatures and resulting ineffectiveness may have been due to the high
latitude of the island, as well as to the cooler temperatures of offshore islands compared to
mainland locations. At different locations, this low-cost and relative easy application may have
greater potential for controlling annuals in tern colonies.

Salt and saltwater
Saltwater overwash controls vegetation naturally on most seabird nesting islands, and
many colony managers reported creation of seabird nesting habitat in the season following an
unusually strong spring storm (Kress 2007, D. Hayward pers. comm.) Deliberate salt treatment
was reported on eight islands, with a success rate of 0.125.
On Eastern Egg Rock, managers applied rock salt (halite) in 1986 onto two hand-cleared
2 x 5 m strips. The procedure, conducted in the spring, required transporting bags of salt to the
island, spreading it, and raking it into the soil. The areas regrew before the full nesting season
was complete (Kress 1986). This technique was both expensive (>$200) and labor-intensive (1020h), and no chicks fledged from nests in these treated plots. On Great Gull Island (NY),
managers used a salt water pump and plastic tubing to flood an area of soil in spring. This
procedure was effective for providing seabird nesting habitat for the entire season, but required
reapplication the following spring. Salt water was unsuccessfully applied to areas of cleared soil
on Île de la Colombière, Île aux Dames, Île de Trevorc'h, Île aux Moutons, and Petit Veizit (S.
Hennique, pers. comm.) On Seavey Island (NH), saltwater was pumped through a high pressure
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hose to remove some soil and expose rocks, although this treatment was intended to remove
rather than inundate soil (D. Hayward pers. comm., see the Soil Removal section of this paper).
Overall, saltwater application is more cost effective and less labor-intensive than rock salt.
Saltwater pumps and hoses should be readily available from coastal wildlife agencies and other
organizations, who must periodically run the equipment to test it. Hayward (pers. comm.)
suggested the use of sprinklers or drip systems to provide a continuous flow of saltwater,
although this technique has not tested. Coquet Island used saltwater inundation to clear areas of
vegetation in preparation for re-seeding, but results of this procedure are not yet available.

Mulching
Mulching is used to deprive weed seeds of light and nutrients by applying a cover
material such as plastic sheeting, newspaper, bark chips, or hay (Skroch et al. 1992, Teasdale and
Mohler 2000, Verdu and Mas 2007), and this technique was attempted on seven islands to
control vegetation. Mulching alone did not create nesting habitat for a full season on any of the
islands on which it was applied. On Outer Green Island, managers applied sheets of black plastic
to two 10x10 m squares of cleared, annual-dominated soil. When the plastic was applied in May
2005 and removed before wardens left the island in August, it had little to no effect the following
season. Managers then attempted to leave the plastic in place year-round, first by anchoring it
with rocks in 2006 and 2007, then by using heavy-duty woven plastic held in place by landscape
staples and twine between 2008 and 2009. In all cases, winter weather including heavy winds
and storm activity caused the plastic to pull away from the plots, often becoming shredded or
washing away from the island completely. In 2007, researchers monitored percent cover on a
plot that had been covered in black plastic from May 2006 to May 2007. There was <20%
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vegetation cover on the plot from 8 May to 15 June, increased abruptly to 60% cover between 15
and 27 June, and reached 100% cover by 18 July (Lamb 2007). Although application was fairly
simple (<10 h) and inexpensive (<$50), the environmental impact was high when plastic blew
off plots into the ocean, and the effectiveness moderate, because the habitat became unsuitable
before most tern chicks reached fledging age.
Falkner Island (CT) applied salt hay mulch to a 0.4 ha area at a cost of $100-$200. In the
spring, managers spread the hay on the surface of cleared upland soil and left it in place; the
treatment was effective for one season. A similar effort to rake existing thatch over cleared soil
on Monomoy Island (MA) was ineffective. On Eastern Egg Rock and Outer Green Island,
newspaper mulch was applied to four 10 x 10 m plots as an experimental treatment. Wind
conditions on the island made it too difficult to shred and till the newspaper, so it was applied in
sheets and anchored in place using muslin fabric. This barrier combination did not prevent
plants from growing underneath the mulch/fabric layer. Persistent strong winds on seabird
islands make mulching difficult, unless the substance applied is strong enough not to blow away;
additionally, if dispersal is a possibility, the mulch material must be biodegradable. Although
new mulch material made from recycled car tires is available and is a more durable alternative to
lightweight bark, thatch, or newspaper, this material could persist in the environment if it is
blown or washed off the island.
Managers on Île de la Colombière, Île aux Dames, Île de Trevorc'h, Île aux Moutons, and
Petit Veizit used black plastic treatment at low cost (<$50) and effort (<10 h) to open up areas of
orchard grass and common beet. Following fall application and spring removal, the resulting
habitat was generally overgrown during the season unless the plastic was left in place (G.
Quemmarais pers. comm.).
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Habitat construction

Weed barriers and landscape fabric
Weed barriers, including synthetic and organic fabrics or sheet materials, are similar to
mulch in that they partially exclude light and nutrients from the underlying soil (Martin et al.
1991, Teasdale and Mohler 2000, Verdu and Mas 2007). However, unlike mulches, they are
effective at creating a new surface on top of existing vegetation rather than denuding the
underlying soil for future plant growth. Weed barriers are generally more porous than mulch
layers, and typically create a new nesting surface immediately after application. Thus, they have
been widely used—12 of 35 survey islands reported applying some type of weed barrier and
constructing artificial nesting habitat on top of it. Further, the resulting habitat lasted through at
least a full nesting season without reapplication at all 12 islands, and the overall success rate (1)
was the highest for any reported treatment.
Most organizations that used polypropylene landscape fabric (e.g. Dupont Industries),
widely available in hardware and garden supply storesthat was anchored with rocks and ground
staples and covered with an appropriate nesting substrate. Most applications were generally
small, < 100 m2. The Brothers (NS), Country Island (NS), Stratton Island (ME), and the five
French islands overlaid the fabric with beach cobble to create Common and Arctic Tern habitat,
and added wooden nest box structures for Roseate Terns. All three islands reported applying
fabric in spring, at low cost (<$50) and with low expenditure of labor (<10 h). Monomoy Island
(MA) used fabric and sand to cover a 15 x 30 m area of beachgrass; costing >$200 and requiring
>40 hours of labor. On Jenny Island (ME) and Outer Green Island (ME), landscape fabric was
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applied in 3 x 10 m “lanes”, separating areas of fabric with strips of vegetation for cover. Thatch
cleared from the application plots was then spread over the fabric as a nesting substrate. In both
cases, application required low investment of money and time (<$50, <10h) and was used by 4060 pairs of Common Terns with high nesting success. Eastern Egg Rock (ME) used fabric in
combination with an 8 cm layer of wood chips in 1990, covering a 56 m2 area but cutting holes
in the fabric to allow vegetation to grow through. Common Terns nested successfully on the
resulting habitat. The wood chips, which accounted for most of the $500 cost and considerable
labor, lasted one season; however, the fabric was used as nesting habitat for six years without
removal. Managers using commercial landscape fabric reported applying the fabric in spring and
removing it after chicks had fledged, although the same fabric could be reapplied for multiple
years. The islands that left the fabric in place throughout the year, Eastern Egg Rock (ME) and
The Brothers (NS), reported that weed seeds began to take hold on top of the fabric in the second
season and periodic hand-weeding was needed after the first year to keep nesting areas open.
Other than commercial fabric, managers reported using several other materials as weed
barriers. Non-porous tarps were used for several years before switching to landscape fabric on
The Brothers (NS). The tarps, left down year-round, lasted several years without significant
weeding but were not a good substrate for Roseate Tern nest boxes. Muslin fabric, a nonsynthetic product, combined with a newspaper mulch layer and overlaid with thatch was used on
Outer Green Island (ME) and Eastern Egg Rock (ME). The cost was approximately $200 for a
0.04 ha application and involved 10-20 hours of labor. Managers reported that the fabric was not
heavy enough to stay in place throughout the nesting season, and the fabric did not prevent plant
growth underneath the fabric, although terns nested successfully on the habitat (Lamb unpubl.
data). Finally, synthetic turf previously used on miniature golf courses was used on Outer Green
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Island (ME) and Eastern Egg Rock (ME), covering a total of 400 m2 with small pieces
(approximately 20 pieces per 100 m2 plot) of turf separated by 4-5 cm of vegetation, with no
nesting substrate overlay. The habitat lasted all season and was used successfully by nesting
Common Terns, and was left in place during winter. Because the turf was obtained without cost
from companies discarding the material, cost was low (<$50); application time was less than 10
h.
With the exception of the muslin treatment, landscape fabric provided suitable nesting
habitat for a full season with little to no additional work. In some cases, it provided multi-season
habitat without reapplication. Further, common tern fledging success was similar on barrier
(artificial turf) and untreated plots (Chpt 1). Potential environmental impacts of this technique
are low to moderate, involving fuel use and emissions for mechanical clearing of target areas,
metal ground staples that are often left in the soil, and the potential for synthetic fabrics to blow
away or wash off the island during extreme weather events. Some materials, such as the muslin
fabric used on Eastern Egg Rock and Outer Green Island, coconut erosion control matting, and
cellulose sheeting (Benoit et al 2006) offer potential non-synthetic alternatives for weed barriers,
but these are generally more expensive and less available than synthetic fabrics. Considering
that common terns typically use nesting habitats with 20-60% tall vegetative cover (Blokpoel et
al. 1978, Buckley and Buckley 1982, Burger and Gochfeld 1988, Ramos and del Nevo 1995,
Cook-Haley and Millenbah 2002), maintaining an interspersion of vegetation and open areas
created by weed barriers is important.

Stone and gravel
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Most tern species use rock or gravel as a nesting substrate when available, and 7 of the 35
islands used stones of various sizes to cover unsuitable ground, suppress weed growth, and create
usable habitat. On islands where stone, cobble, or sand is readily available, the material is
inexpensively collected and transferred; whereas on rocky islands where such materials are not
readily available, the costs and logistics of purchasing and transporting the material are high.
The overall success rate of the treatment was 0.143.
On Eastern Egg Rock (ME) in the spring of 1985, managers used a combination of
glacial till from another part of the island and 20-lb bags of gravel brought onto the island to
cover a 6 m2 plot with gravel a few inches deep. The habitat regrew within the season of
application, with weeds coming up through the gravel. Although a deeper layer of material
might have suppressed weed growth, the managers decided that the effort and cost associated
with moving the material was too high (S. Kress pers. comm.). On Île de la Colombière, Île aux
Dames, Île de Trevorc'h, Île aux Moutons, and Petit Veizit, managers covered 2 x 10 m strips of
ground with sand and small pebbles in the spring to suppress weed growth with little effect (Y.
Jacob pers. comm.).
On Coquet Island (UK), managers constructed artificial habitat for Roseate Terns by
building a three-tiered terrace of dry stone walls topped with a layer of flagstones covered with
shell shingle from a nearby beach. Nest boxes were installed on the terrace. Since terrace
construction in 2000, the Roseate Tern numbers and fledging success increased considerably,
and now all terns nest on the terrace habitat (Morrison and Gurney 2007). Managers spray the
area with herbicide (Roundup) at the start of each season and hand-pull vegetation periodically
throughout the nesting period to control weed seeds that take root in the terrace: (P. Morrison
pers. comm.).
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Filling and dredging
On islands constructed of sand or dredge materials, periodic filling is typically needed to
counteract erosion. Besides providing new nesting habitat, periodic filling is effective for
covering vegetation and seeds, although a deep layer of material is needed (Maun and Lapierre
1984). In North Carolina, where 80% of terns nest on dredge-material islands, managers report
that the best way to control vegetation succession is to re-depoist sand every 3-5 years (S.
Schweitzer, pers. comm.). If new dredge material is not available, managers use hand-weeding,
mechanical weeding, burning, and herbicide to remove vegetation (S. Schweitzer, pers. comm.,
F. Sanders, pers. comm.). Without vegetation management, dredge spoils naturally succeed to
grass and shrub habitat within 2-3 years. However, short-term habitat creation is generally very
successful following dredge spoil deposits, and all islands reported at least one season of
successful tern nesting on deposited materials.
Filling can also create tern habitat on naturally-occurring islands. On Ram Island (MA), a
stand of Phragmites in a steadily-eroding marsh area was eliminated by depositing fill from a
crane barge in spring 2010, creating nesting habitat (C. Mostello, pers. comm.). Least tern
colonies in MA benefit from filling that periodically creates new sections of beach or offshore
sandbars with no beachgrass. However, within 2-3 years of filling, Ammpohila typically
regrows too thickly to allow nesting (E. Jedrey, pers. comm.). Tomkins Island (SC) receives fill
every 5 years to keep nesting habitat open (F. Sanders, pers. comm.). A section of sand added to
Tern Island (MA) in the mid-1980s provided nesting habitat for Least Terns, which had not
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nested on the island since the 1960s. Breeding success has remained high at this colony through
2010 without additional fill deposited on the island (B. Prescott, pers. comm.).

Replanting and transplanting
Managers reported attempts to replace existing unsuitable vegetation with new plant
species to provide nesting habitat on 8 of 35 survey islands. In the Eastern US and Canada,
vegetation communities on many islands are dominated primarily by introduced European
pasture grasses, such as timothy and quackgrass historically brought in as fodder for livestock.
Islands such as Machias Seal Island (NB) and Seal Island (ME) also contain areas of shorter,
thinner grasses that provide nesting habitat even in areas of high coverage, and most tern species
are known to nest on low-growing ground cover when it is available (Kress and Hall 2004).
Managers on Eastern Egg Rock, Outer Green Island, and Coquet Island have attempted to
establish this type of shortgrass cover through re-seeding, although none of these treatments
successfully provided nesting habitat for a full season.
On Eastern Egg Rock (ME) in the spring1988, managers cleared a 15 x 50 foot area of
sod and planted seaside bentgrass (Agrostis maritima) that subsequently provided habitat for 16
common tern nests that same season (Kress 1988). However, the bentgrass plot was easily
invaded by pasture grasses and annuals and was no longer used by terns after the first season. In
the fall 2008, managers on Outer Green Island (ME) cleared a 10 x 10 m plot that was seeded
with EcoLawn Red Fescue mix (Wildflower Farms 2008: includes Festuca ovina, Festuca rubra
var. rubra SRX 55QR, Festuca rubra var. arenaria Navigator, Festuca rubra var. arenaria
Jasper II, Festuca rubra var. commutata Longfellow II, Festuca rubra var. trychophilla Heron,
and Festuca rubra var. trychophilla Chariot) and covered with hay to protect the seedlings. The
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plot was completely covered with fescue for the 2009 and 2010 nesting seasons, with only
occasional quackgrass stems (Lamb unpubl. data). However, terns did not nest in the fescue
plots where vegetation was much taller and denser than in other tern nesting habitats. Although
this technique is inexpensive (<$50) and requires minimal labor (<10 h), fescue is not a suitable
species to use and alternative species need to be identified.
On Coquet Island (ENG), managers began a re-seeding project in 2010 including clearing
(using salt water, herbicide, and mechanical trimming) and re-seeding using a combination of
grass seeds selected for “salt tolerance and suitability for nesting birds”, included Festuca rubra
var. trichophylla (20%), Festuca rubra var. rubra (30%), Spartina alterniflora (5%), Agrostis
stolonifera (15%), Festuca rubra var. commutata (20%), and Agrostis capillaris (10%)
(Morrison pers. comm.). The program includes monitoring to assess the success of re-seeding,
although results are not yet available.
Re-seeding was also used in the filling project on Ram Island (MA) with the aim of
preventing erosion and encouraging native species (Lathyrus japonicus, Ammophila
breviligulata, Solidago sempervirens) rather than improving tern habitat (Mostello 2008).
Similarly, the replanting project on Cape Island (NJ) was designed to minimize erosion and
encourage native vegetation (Ammophila breviligulata, Prunus maritima, Morella pensylvanica)
in beach nourishment areas, but secondarily provided Least Tern nesting habitat (S. Treyger pers.
comm.)
Re-distributing existing vegetation offers an alternative to introducing new vegetation.
This strategy was used on a large scale on Monomoy Island, where American beachgrass was
dug up from dense stands and replanted over a 0.4 ha area with low grass density. This
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technique was both expensive (>$200) and moderately labor-intensive (10-20h) and transplanted
stands grew too high in the first season for successful tern fledge (S. Koch, unpubl. data).

Combining techniques

Tern habitat restoration requires two components: habitat creation and habitat
maintenance. Quite often, techniques that are suitable for one component are unable to
accomplish the other. Open soils created by pre- or post-emergent vegetation removal are easily
colonized by propagules from surrounding plants, air or guano-borne seeds, or new invasive
plants that previously were unable to root among existing vegetation. Maintaining open habitat
is generally impossible without some method of effectively removing plants.
Given this duality, managers are increasingly aware of the need to use multiple
techniques. Habitat maintenance techniques such as fabric application and replanting require an
initial vegetation removal step that may include mechanical cutting (Eastern Egg Rock, Outer
Green Island, Jenny Island, Monomoy Island), plastic mulching (Outer Green Island), handweeding (Eastern Egg Rock), saltwater application (Coquet Island), post-emergent herbicide
(Coquet Island), or pre-emergent herbicide (Outer Green Island). Only two islands surveyed
(Monomoy Island (MA) and Seavey Island (NH)) used multiple vegetation removal techniques,
a combination of herbicide and burning. Monomoy Island applied herbicide in fall and burned in
spring, while Seavey Island did both treatments in fall and reported heavy storm overwash in the
spring. In both cases, the resulting habitat remained open for a full nesting season. Monomoy
Island also found that the herbicide and burning combination remained open longer than
comparable plots treated with only one of the two techniques (S. Koch, unpubl. data).
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Managing for mixed-species colonies

Most of the seabird islands included in the survey hosted several tern species (Table 3),
as well as gulls, sea ducks, alcids, petrels, and other marine bird species. Habitat requirements
vary significantly between species, so a major component of vegetation management on seabird
islands is identifying which bird species are the target for habitat management.
Survey respondents generally agreed that increasingly dense vegetation has detrimental
effects on open-rock nesters (Common, Arctic, Roseate, Least, Little, and Sandwich Terns),
neutral effects on boulder and cliff nesters (Razorbills, Black Guillemots, Common Murres),
neutral or positive effects on grassland nesters (Common Eiders, Laughing Gulls, Black-headed
Gulls) and neutral or negative effects on burrowing species (Atlantic Puffins and Leach’s Storm
Petrels). Different seabird species partition habitat, and changes to vegetation communities
affect not only the balance of species on an island, but competitive interactions between species
for limited food or nesting areas. On Eastern Egg Rock (ME), for example, successful habitat
clearing tended to create roost sites for Laughing Gulls that prevented terns from using the
cleared areas for nesting, while plots with the same treatments on Outer Green Island provided
habitat for at least 70 pairs of terns. On Petit Manan Island (ME), Laughing Gulls overtook an
area cleared through burning habitat, but Common Tern fledging success was low from gull
predation of tern eggs and chicks (Kress and Hall 2004). Additionally, habitat changes may push
some species into marginal habitat, often at the expense of another species. For example, spring
brushcutting was conducted on Eastern Egg Rock (ME) to reduce Laughing Gull habitat.
Although Laughing Gull numbers decreased overall, their nests shifted to areas adjacent to
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nesting Roseate and Common Terns where egg predation by Laughing Gulls increased in tern
colonies (Lamb 2010).
Open habitat created for tern nesting also offers opportunities to expand nesting habitat
for Roseate Terns that nest in artificial structures on top of cleared habitat. Wooden nest boxes
for Roseate Terns have been used on The Brothers (NS), Falkner Island (CT), Stratton Island
(ME), Rockabill (IRE) and Coquet Island (ENG) (e.g. Morrison and Gurney 2007, Grinnell
2010). Nest boxes are typically installed on an artificial habitat layer such as tarp (The
Brothers), landscape fabric (The Brothers, Stratton Island), or stone wall (Coquet Island),
although they can also be used on open ground (Falkner Island, Rockabill). Additionally,
successful nest box construction requires adding nesting substrate such as cobble (The Brothers,
Stratton Island), soil (Rockabill), or shell shingle (Coquet Island) underneath the boxes. Caves
built from flat rocks (Stratton Island) and old motorcycle tires (Falkner, Rockabill) also provide
artificial structures for nesting Roseate terns. Several managers have reported higher Roseate
tern fledge success in artificial compared to naturally-occurring structures (Spendelow 1982,
Morrison and Gurney 2007, Glenister et al 2010, Grinnell 2010).

Plans for future work

In addition to continuing vegetation management, managers at several islands plan new
habitat work in upcoming years, including re-seeding (Penikese Island, Coquet Island, islands in
France), burning (Monomoy Island, Falkner Island), filling (Ram Island, MA Least Tern
colonies), saltwater treatment (Seavey Island), solarization (islands in France), and weed barrier
application (Country Island, Great Gull Island). Managers indicated that they primarily consult
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the scientific literature and other wildlife management professionals when choosing new
techniques.

Discussion

Since the early twentieth century, seabird colony managers in the North Atlantic have
used an increasingly wide variety of different vegetation control and habitat restoration
techniques. Several factors, including the successful restoration of declining seabird populations,
increasing levels of coastal development, expanding invasive plants, and potential climate
change effects contribute to an increased need to find effective means of managing island seabird
nesting habitat.
The most commonly reported treatments could be classified as post-emergent
management. These treatments generally required low-cost materials, low time investment, and
could be applied over relatively large areas with little unwanted environmental impact.
However, the efficacy of post-emergent vegetation treatments was highly variable, with an
overall success rate of 0.405. Effectiveness varied greatly depending on individual
characteristics of islands and vegetation, with greater effectiveness in sandy soils. On islands
with deep peat soils and large banks of annual seeds, post-emergent treatments tended to provide
tern nesting habitat directly after application, but to overgrow rapidly after nest initation and
cause widespread nest failure. Thus, despite their desirability, post-emergent treatments must be
undertaken with careful consideration to avoid unintended negative impacts on nesting terns.
The second reported category of treatments involved pre-emergent management actions
targeted at soil and vegetation propagules. These treatments had a much lower overall success
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rate than post-emergent management (0.190). Most failed completely, with the exception of
several instances of soil removal using heavy equipment and one instance of large-scale
saltwater inundation, also using heavy equipment. In general, pre-emergent management was
uncommonly used, with only 21 reported instances (compared to 69 instances of post-emergent
management). The infrequency of pre-emergent treatment may be due to the generally complex
logistics and high levels of labor and cost involved in such techniques. However, pre-emergent
management remains an appealing option, primarily because it has the potential to avert the most
frequent failure of post-emergent treatment: that is, the tendency of open soil to overgrow before
a full tern nesting season is complete.
Finally, a third category of reported management techniques involved treatments
designed to construct nesting habitat on top of existing vegetation without explicitly treating the
plants or soil. The habitat construction category had the highest success rate of any class of
treatments, providing habitat during a full tern nesting season for more than fifty percent of
reported applications (0.576). Included in this category were the two most successful treatments
reported: landscape fabric application (13 of 13 applications lasted a full nesting season) and
filling (6 of 6 applications lasted a full nesting season). The 33 reported construction treatments
generally involved a higher level of labor, materials, and monetary investment than postemergent management, but with a significantly higher resulting success rate than either post- or
pre-emergent vegetation management.
While difficulty of access, ecological sensitivity, phenological restrictions, and scarcity
of management resources are challenges for working on any seabird island, the characteristics of
an island greatly affect the selection and success of a vegetation management strategy. This
paper summarizes specific instances of vegetation control; however, the report is based largely

67

on anecdotal information rather than experimental studies. Further, all of the reported techniques
vary greatly in their effectiveness given highly variable ecological characteristics. Future
vegetation management efforts depend on minimizing costs so that management can be widely
applied and repeated as necessary, and instituting standardized pre- and post-treatment
monitoring to determine what management techniques are most effective given the variety of
ecological characteristics of seabird islands across the North Atlantic.

Minimizing Costs

Few islands surveyed had funding specifically directed to vegetation management
projects. However, respondents identified several cost-minimizing measures for habitat
management programs. Although many vegetation management procedures are labor-intensive,
the work does not require scientific training. Unskilled volunteer labor is available through
several channels. Managers on Eastern Egg Rock (ME) and Outer Green Island (ME) use local
school groups and the Road Scholar (formerly Elderhostel) program to assist with vegetation
removal (Kress 2010). Audubon societies, gardening groups, and service organizations are also
potential volunteer labor sources. Yet, safely transporting volunteers on and off of islands is
often a major challenge and liability.
Some materials and tool costs are high, but fixed one-time investments (brushcutters,
hand tools, torches) provide many years of use. Alternatively, organizations that own equipment
such as fire management tools, saltwater pumps, and heavy machinery, may be willing to
provide their equipment at reduced or no cost as part of their staff training programs or routine
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maintenance. Recycled materials (e.g., artificial turf on Eastern Egg Rock) also offer a readily
available, low-cost source of mulching and habitat construction supplies.
For islands with suitable grass communities, haying may provide a means of augmenting
income. The LIFE-Dougall project in France implemented orchardgrass harvests on several
islands, exporting the hay (S. Hennique pers. comm.). Removing cut vegetation is also
advantageous to the birds, as rotting organic matter can cause the spread of disease or mortality
by contaminating standing water (Glenister et al 2010). The income from this technique may not
offset transportation costs unless the island is only a short distance offshore.

Monitoring

Effective monitoring is critical for assessing the success of vegetation treatments. It is
strongly urged that managers implement vegetation and seabird monitoring plans pre- and posttreatment. Ultimately, such monitoring efforts will reduce the costs and maximize the
effectiveness of their habitat programs.
Monitoring regimes in nesting colonies must be low-impact, efficient, and provide basic
data on both habitat structure and tern nesting success throughout the season. Most islands
already include tern productivity monitoring among their work plans, and nests initiated in
treated plots can be monitored using the same techniques. Chapter 1 provides a vegetation
monitoring protocol designed to minimize disturbance to tern colonies and assess vegetation
treatments using percent cover, density, species composition, and vegetation height along a
transects. Some managers use fixed-plot monitoring (e.g. Smart et al. 2003) with a similar set of
parameters (S. Williams pers. comm., P. Morrison pers. comm.). For comparative purposes,

69

similar measures of vegetation in untreated control plots and tern-nesting habitat should also be
included as part of any monitoring program.

Acknowledgements

I would like to thank the managers who contributed survey responses, supporting
documents, and other information: Brad Allen, Susie Burbidge, Ted d’Eon, Scott Hall, Helen
Hays, Dan Hayward, Stéphanie Hennique, Kate Iaquinto, Yann Jacob, Ellen Jedrey, Stephanie
Koch, Stephen Kress, Julie McKnight, Paul Morrison, Carolyn Mostello, Reg Newell, Stephen
Newton, Ian Nisbet, Richard Potvin, Bob Prescott, Gaëlle Quemmerais-Amice, Felicia Sanders,
Sara Schweitzer, Jeffrey Spendelow, and Suzanne Treyger. Additional support and contact
information was provided by Christine Bogdanowicz, Jessica Bolker, Rosalie Borzik, Andrew
Boyne, Tony Diamond, Julie Ellis, Mitch Hartley, Colin MacKinnon, Craig Watson, and Hal
Weeks. Scott Hall also provided significant logistical support in obtaining contacts and
responses. Yvan Satgé created a French translation of the survey and was instrumental in
establishing contacts with European researchers. My work has been assisted by funding from the
Garden Club of America, National Audubon Society Seabird Restoration Program, and Friends
of Maine Seabird Islands.

Literature Cited

Allen, B. (Compiler). 2010. Minutes of the Gulf of Maine Seabird Working Group. Maine Dept.
of Inland Fisheries and Wildlife. Bangor. 26 pp.
Anderson, J.G T. and C.M. Devlin. 1999. Restoration of a multi-species seabird colony.
Biological Conservation 90:175–181.
70

Anderson, W.B. and G.A. Polis. 1999. Nutrient fluxes from water to land: seabirds affect
plant nutrient status on Gulf of California islands. Oecologia 118: 324-332.
Austin, O.L. 1934. The status of Cape Cod terns in 1934. Bird-Banding 5:155-171.
Benoit, DL, C Vincent, and G Chouinard. 2006. Management of weeds, apple sawfly
(Hoplocampa testudinea Klug) and plum curcuclio (Conotrachelus nenuphar Herbst)
with cellulose sheeting. Crop Protection 25: 331-337.
Blokpoel, H., P.M. Catling, and G.T. Haynes. 1978. Relationship between nest sites of common
terns and vegetation on the Eastern Headland, Toronto Outer Harbour. Canadian Journal
of Zoology 56: 2057-2061.
Buckley, F.G. and P.A. Buckley. 1982. Microenvironmental determinants of survival in
saltmarsh-nesting Common Terns. Colonial Waterbirds 5: 39-48.
Burbidge, S. 2008. Nest-site selection and response to habitat manipulation by Roseate Terns
(Sterna dougallii) on Seavey Island, New Hampshire. M.S. Thesis. Antioch University,
New England. Keene, NH.
Burger, J. and J. Shisler. 1978. Nest site selection and competitive interactions of Herring and
Laughing Gulls in New Jersey. The Auk 95: 252-266.
Burger, J. and M. Gochfeld. 1988. Source nest-site selection and temporal patterns in habitat
use of Roseate and Common Terns. The Auk 105: 433-438
Clark, R.A. and C.L.J. Frid. 2001. Long-term changes in the North Sea ecosystem.
Environmental Review 9: 131-187.
Cohen, O., J. Riov, J. Katan, A. Gamliel, and P. Bar. 2008. Reducing persistent seed banks of
invasive plants by soil solarization—the case of Acacia saligna. Weed Science 56: 860865.
Conkling, P. 1999. Islands in Time. Downeast Books. Camden, Maine 319pp.
Cook-Haley, B. S. and K. F. Millenbah. 2002. Impacts of vegetative manipulations on common
tern nest success at Lime Island, Michigan. Journal of Field Ornithology 73: 174-179.
Cushwa, C.T. and RE. Martin 1969. The status of prescribed burning for wildlife management
in the Southeast. Trans. Thirty-fourth North Amer. Wildlife and Natural Resources Conf.,
pp 419-428.
Drury, W.H. 1973. Population changes in New England seabirds. Bird-banding 44: 267–313.
El-Keblawy, A. and F. Al-Hamady. 2009. Assessment of the differential response of weeds to
71

soil solarization by two methods. Weed Biology and Management 9: 72-78.
Ellis, J.C. 2005. Marine Birds on Land: A Review of plant biomass, species richness, and
community composition in seabird colonies. Plant Ecology 181: 227-241.
Fallon, K. 1991. Island sheep raising. Island Institute, Rockland, ME. 23pp.
Furness, RW. 1988. Predation on ground-nesting seabirds by island populations of red deer
(Cervus elaphus) and sheep (Ovis). Journal Zoology, London. 216:563-573.
Gillham, M.E. 1956. Ecology of the Pembrokeshire Islands: V. Manuring by the colonial
seabirds and mammals, with a note on seed distribution by gulls. Journal of Ecology 44:
429-454.
Grinnell, C. 2010. Behavior and habitat use of Roseate Terns (Sterna dougallii) before and
after construction of an erosion control revetment. MS Thesis. University of
Massachusetts. Amherst, MA.
Glenister, L., O. Slessor, and S.F. Newton. 2010. Rockabill Tern Report 2010. BirdWatch
Ireland Seabird Conservation Report No. 10/S‐1.
Hays, H. 1984. The vole that soared. Natural History 93(5):7-16.
Houde, A.E. 1983. Nest density, habitat choice, and predation in a Common Tern colony.
Colonial Waterbirds 6: 178-184.
Hutchinson, G.E. 1950. Survey of existing knowledge of biogeochemistry. 3. The
biogeochemistry of vertebrate excretion. Bulletin of the American Museum of Natural
History 96.
Kadlec, J.A. and W.H. Drury. 1968. Status of the New England Herring Gull population.
Ecology 49: 644-676.
Kress, S.W. 1986. Egg Rock Update. Newsletter of the Fratercula Fund. National Audubon
Society. 4pp.
Kress, S.W. 1988. Egg Rock Update. Newsletter of the Fratercula Fund. National Audubon
Society. 4pp.
Kress, S.W. 1995. Egg Rock Update. Newsletter of the Fratercula Fund. National Audubon
Society. 6pp.
Kress, S.W. 2007. Egg Rock Update. National Audubon Society. 6pp.
Kress, S.W. 2009. Egg Rock Update. National Audubon Society. 8pp.

72

Kress, S.W. 2010. Egg Rock Update. National Audubon Society. 8pp.
Kress, S.W., E.H. Weinstein, and I.C. T. Nisbet. 1983. The status of tern populations in
northeastern United States and adjacent Canada. Colonial Waterbirds 6: 84-106.
Kress, S. W., and C. S. Hall. 2004. Tern Management Handbook - Coastal Northeastern
United States and Atlantic Canada. U.S. Department of Interior, Fish and Wildlife
Service, Hadley, MA.
Lamb, J.S. 2007. Outer Green Island Season Report. Prepared for National Audubon Society
Seabird Restoration Program & Maine Department of Inland Fisheries and Wildlife. 26 p.
Lamb, J.S. 2010. Eastern Egg Rock Season Report. Prepared for National Audubon Society
Seabird Restoration Program & Maine Department of Inland Fisheries and Wildlife. 31 p.
Lewis, C.E. and T.J. Harshbarger. 1976. Shrub and herbaceous vegetation after 20 Years of
prescribed burning in the South Carolina Coastal Plain. Journal of Range Management
29: 13-18.
Magnusson, B. and S.H. Magnusson. 2009. Developments in plant colonization and succession
on Surtsey during 1999–2008. Surtsey Research 12: 57-76.
Maine Coastal Islands National Wildlife Refuge Program Summary (MCINWR). 2007.
Online at http://www.fws.gov/northeast/mainecoastal/progsumm05.html.
Accessed 08 January 2009.
Martin, C.A., H.G. Ponder, and C.H. Gilliam. 1991. Evaluation of landscape fabrics in
suppressing growth of weed species. Journal of Environmental Horticulture 9: 38-40.
Maun, M.A. and J. Lapierre. 1984. The effects of burial by sand on Ammophila Brevigulata.
Journal of Ecology 72 : 827-839.
McMaster, R. T. 2005. Factors influencing vascular plant diversity on 22 islands off the coast of
eastern North America. J. Biogeogr. 32: 475–492.
Morrison, P. and M. Gurney. 2000. Nest boxes for roseate terns Sterna dougallii on Coquet
Island RSPB reserve, Northumberland, England. Conservation Evidence 4: 1-3.
Mostello, C. 2008. Ram Island tern habitat restoration project. Presentation for the Matapoisett
Conservation Commission. 24 March 2008.
Newell, RB. 1985. Nesting ecology of Arctic Terns Sterna paradisaea Pontoppidan in relation
to habitat on Machias Seal Island. M.S. thesis. Acadia University. Halifax, Nova Scotia.
Nisbet, I.C.T. 2002. Common Tern (Sterna hirundo), The Birds of North America Online (A.

73

Poole, Ed.). Ithaca: Cornell Lab of Ornithology; Retrieved from the Birds of North
America Online: http://bna.birds.cornell.edu/bna/species/618
Nisbet, I.C.T. and J.A. Spendelow. Contribution of research to management and recovery of
the Roseate Tern: review of a twelve-year Project. 1999. Waterbirds: The International
Journal of Waterbird Biology. 22: 239-252.
Perez, G.L. et al. 2007. Effects of the herbicide Roundup on freshwater microbial communities: a
mesocosm study. Ecological Applications 17: 2310-2322
Polis, G.A. and S.D. Hurd. 1996. Linking marine and terrestrial food webs: allochthonous
input from the ocean supports high secondary productivity on small islands and coastal
land communities. American Naturalist 147: 396-423.
Rajakaruna, N., N. Pope, J. Perez-Orozco, and T.B. Harris. 2009. Ornithocoprophilous plants of
Mount Desert Rock, a remote bird-nesting island in the Gulf of Maine, U.S.A. Rhodora
111: 417–447.
Ramos, J.A. and A.J. del Nevo. 1995. Nest-site selection by Roseate Terns and Common Terns
in the Azores. The Auk 112: 580-589.
Relyea, R.A. 2005. The impact of insecticides and herbicides on the biodiversity and
productivity of aquatic communities. Ecological Applications 15: 618-627.
Robbins, L.E. and R.L. Myers. 1992. Seasonal effects of prescribed burning in Florida: a
review. Miscellaneous Publication Number 8, Tall Timbers Research, Inc., Tallahassee,
FL, USA.
Sánchez-Piñero, F. and G.A. Polis. 2000. Bottom-up dynamics of allochthonous input: direct
and indirect effects of seabirds on islands. Ecology 81: 3117-3132.
Seliskar, D.M. 2003. The response of Ammophila brevigulata and Spartina patens (Poaceae) to
grazing by feral horses on a dynamic mid-Atlantic barrier island. American Journal of
Botany 90: 1038-1044.
Severinghaus, L.L. 1982. Nest site selection by the Common Tern (Sterna hirundo) on Oneida
Lake, New York. Colonial Waterbirds 5: 11-18.
Simmons, T. 2006. Chapter 10A: Habitat Management Tools: Using prescribed fire to manage
habitats in the Northeast. In : Managing Grasslands, Shrublands, and Young Forest
Habitats for Wildlife: A Guide for the Northeast. JD Oehler, DF Covell, S Capel, and B
Long, ed. Northeast Upland Habitat Technical Committee. 79-86
Skroch, W.A., M.A. Powell, T.E. Bilderbuck, and P.H. Henry. 1992. Mulches: durability,
aesthetic value, weed control, and temperature. Journal of Environmental Horticulture
10: 43-45.
74

Smart, S.M., R.T. Clarke, H.M. van de Poll, E.J. Robertson, E.R. Shield, R.G.H. Bunce, and L.C.
Maskell. 2003. National-scale vegetation change across Britain; an analysis of samplebased surveillance data from the Countryside Surveys of 1990 and 1998. Journal of
Environmental Management 67: 239-254.
Sparks, J.C., R.E. Masters, D.M. Engle, M.W. Palmer and G.A. Bukenhofer. 1998. Effects of
late growing-season and late dormant-season prescribed fire on herbaceous vegetation in
restored pine-grassland communities, Journal of Vegetation Science 9:133–142.
Spendelow, J.A. 1982. An analysis of temporal variation in, and the effects of habitat
modification on, the reproductive success of Roseate Terns. Colonial Waterbirds 5: 1931.
Szarek, J., A. Siwicki, A. Andrzejewska, E. Terech-Majewska, and T. Banaszkiewicz. 2000.
Effects of the herbicide RoundupTM on the ultrastructural pattern of hepatocytes in carp
(Cyprinus carpio)Marine Environmental Research 50: 263-266.
Teasdale, J.R. and C.L. Mohler. 2000. The quantitative relationship between weed emergence
and the physical properties of mulches. Weed Science 48: 385-392.
Tsui, M.T.K. and L.M. Chu. 2003. Aquatic toxicity of glyphosate-based formulations:
comparison between different organisms and the effects of environmental factors.
Chemosphere 52: 1189-1197.
Upadhyaya, M.K. and R.E Blackshaw. 2007. Non-chemical weed management: principles,
concepts, and technology. CABI: Cambridge, MA. 212 pp.
USDA. PLANTS database. 2010. <http://plants.usda.gov/index.html>. Accessed 01 January
2011.
Verdu, A.M. and M.T. Mas. 2007. Mulching as an alternative technique for weed management
in mandarin orchard tree rows. Agronomy and Sustainable Development 27: 367-375.
Wainright, S.C., J.C. Hanley, C. Kerr, A.N. Golovkin, and M. Flint. 1998. Utilization of nitrogen
derived from seabird guano by terrestrial and marine plants at St. Paul, Pribilof Islands,
Bering Sea, Alaska. Marine Biology 131: 63-71.
Wait, D.A., D.P. Aubrey, and W.B. Anderson. 2005. Seabird guano influences on desert islands:
soil chemistry and herbaceous species richness and productivity. Journal of Arid
Environments 60: 681-695.
Wildflower Farm. Information Page: Eco-Lawn. 2008.
<http://www.wildflowerfarm.com/index.php?p=catalog&parent=4&pg=1>. Accessed 16
November 2008.

75

Williamson, K and S. Schubel. 1995. Evaluation of the impacts of livestock grazing and
habitat restoration on tern nesting islands in the Gulf of Maine. Report for Petit Manan
NWR Milbridge, ME. 20pp.
Worsham, AD., RF. Soots, and J.F. Parnell 1974. Herbicides for vegetation management in
restoring dredge islands for nesting sites for coastal nesting birds. Proceedings Southern
Weed Scientific Society 27:298

76

Table 2.1. List of islands surveyed, including management details and contacts.

Island

Location

Managing Agency(-ies)

Contact name

Response Instrument(s)

The Brothers

CAN (NS)

Canadian Wildlife Service

Ted d'Eon

survey

Country Island

CAN (NS)

Canadian Wildlife Service

Julie McKnight

phone survey

Machias Seal Island

CAN (NB)

Canadian Wildlife Service, University of New Brunswick

Reg Newell

phone survey

Petit Manan Island

USA (ME)

US Fish and Wildlife Service (Maine Coastal Islands NWR)

Linda Welch, Sara Williams

other

Matinicus Rock

USA (ME)

National Audubon Society, US Fish and Wildlife Service

Scott Hall

other

Seal Island

USA (ME)

National Audubon Society, US Fish and Wildlife Service

Scott Hall, Susan Schubel

other

Metinic Island

USA (ME)

Linda Welch, Adrienne Leppold

other

Eastern Egg Rock

USA (ME)

Stephen Kress, Scott Hall

other

Pond Island

USA (ME)

Scott Hall

other

Jenny Island

USA (ME)

Brad Allen, Scott Hall

survey

Outer Green Island

USA (ME)

US Fish and Wildlife Service (Maine Coastal Islands NWR)
National Audubon Society, Maine Department of Inland
Fisheries and Wildlife
National Audubon Society, US Fish and Wildlife Service
National Audubon Society, Maine Department of Inland
Fisheries and Wildlife
National Audubon Society, Maine Department of Inland
Fisheries and Wildlife

Scott Hall

other

Stratton Island

USA (ME)

National Audubon Society

Scott Hall

other

Appledore Island
Seavey Island

USA (NH)
USA (NH)

Cornell University
New Hampshire Audubon Society

Julie Ellis
Dan Hayward, Susie Burbidge

other
survey, other

Beach and dredge sites

USA (MA)

Massachusetts Audubon Society

Ellen Jedrey

phone survey

Tern Island
Bird Island

USA (MA)
USA (MA)

Massachusetts Audubon Society
Massachusetts Department of Fisheries and Wildlife

Bob Prescott
Ian Nisbet, Carolyn Mostello

other
phone survey

Ram Island

USA (MA)

Massachusetts Department of Fisheries and Wildlife

Ian Nisbet, Carolyn Mostello

phone survey

Penikese Island
Monomoy Island

USA (MA)
USA (MA)

Massachusetts Department of Fisheries and Wildlife
US Fish and Wildlife Service

Ian Nisbet, Carolyn Mostello
Stephanie Koch, Kate Iaquinto

phone survey
survey

Falkner Island

USA (CT)

US Fish and Wildlife Service (McKinney NWR)

Richard Potvin, Jeffrey Spendelow

survey

Great Gull Island

USA (NY)

American Museum of Natural History

Helen Hays

phone survey

Cape Island
Dredge spoils

USA (NJ)
USA (NC)

New Jersey Audubon Society
North Carolina Wildlife Resources Commission

Suzanne Treyger
Sara Schweitzer

other
other
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Island

Location

Contact name

Response Instrument(s)

Felicia Sanders

other

Felicia Sanders

other

ENG
IRE

Managing Agency(-ies)
Army Corps of Engineers, South Carolina Department of
Natural Resources
Army Corps of Engineers, South Carolina Department of
Natural Resources
Royal Society for the Protection of Birds
BirdWatch Ireland

Bird Key

USA (SC)

Tomkins Island

USA (SC)

Coquet Island
Rockabill

Paul Morrison
Stephen Newton

other
other

Lady's Island Lake
Kilcoole

IRE
IRE

BirdWatch Ireland
BirdWatch Ireland

other
other

Île de la Colombière

FRA

Bretagne Vivante, LIFE-Dougall

Île aux Dames

FRA

Bretagne Vivante, LIFE-Dougall

Île de Trevorc'h

FRA

Bretagne Vivante, LIFE-Dougall

Île aux Moutons

FRA

Bretagne Vivante, LIFE-Dougall

Petit Veizit

FRA

Bretagne Vivante, LIFE-Dougall

Stephen Newton
Stephen Newton
Stéphanie Hennique, Yann Jacob,
Gaëlle Quemmerais-Amice
Stéphanie Hennique, Yann Jacob,
Gaëlle Quemmerais-Amice
Stéphanie Hennique, Yann Jacob,
Gaëlle Quemmerais-Amice
Stéphanie Hennique, Yann Jacob,
Gaëlle Quemmerais-Amice
Stéphanie Hennique, Yann Jacob,
Gaëlle Quemmerais-Amice
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survey
survey
survey
survey
survey

Table 2.2. Survey island location and structure details.
Distance
offshore
Area (ha) (km)

Structure

Tern Species

Island

Coordinates

The Brothers

43.633889, -65.800833

1 low rocky

ARTE, COTE, ROST

Country Island

45.099444, -61.542778

low rocky

ARTE, COTE, ROST

Machias Seal Island
Petit Manan Island

44.50278; -67.10278
44.436111, -67.897778

Matinicus Rock

43.783473, -68.855033

8.9

29 low rocky

ARTE, COTE

Seal Island
Metinic Island

43.888, -68.74
43.883333, -69.125

26.3
130

35.4 low rocky
low rocky

ARTE, COTE
ARTE, COTE

Eastern Egg Rock

43.860639, -69.381991

2.95

9.7 low rocky

Pond Island
Jenny Island

43.738889, -69.770833
43.661, -70.256

4
1.2

8
2,577

Outer Green Island

43.6814, -70.093

2.1

Stratton Island
Appledore Island

43.493611, -70.368333
42.989167, -70.615

9.7
38

Seavey Island

42.968333, -70.625833

3

41.669433, -70.71735

Ram Island
Penikese Island

42.8250911, -70.8800531
41.451236, -70.922464

ARTE, COTE, ROST

2.4 elevated rocky COTE, ROST
2.4 low rocky
COTE, ROST
8 elevated rocky COTE, ROST
4.8 low sandy
16 low rocky

COTE, ROST, LETE
COTE, ROST

9.7 low rocky

COTE, ROST

0-1 low sandy
low sandy

LETE
COTE, ROST

low sandy

COTE, ROST

30

low sandy
22.5 low sandy

COTE, ROST
COTE, ROST

beach and dredge sites (MA) 42, -70.5
varies
Tern Island
41.6929604, -69.9470987
Bird Island

16 elevated rocky ARTE, COTE
low rocky
ARTE, COTE

Monomoy Island

41.55, -70

600

1 low sandy

COTE, ROST

Falkner Island
Great Gull Island

41.21088, -72.65319
41.201944, -72.119167

1.8
6.9

5 low sandy
0.6 low sandy

COTE, ROST
COTE, ROST

Cape Island

38.94, -74.905278

dredge spoils (NC)
Bird Key

34, -77.5
32.63, -79.99

Tomkins Island

32.05778, -80.86972

Coquet Island
Rockabill

55.35, -1.5
53.6, -6

Lady's Island Lake

52.2, -6.391667

0 elevated rocky ARTE, COTE, ROST, SATE

Kilcoole
Île de la Colombière

53.1063, -6.0645
48.63, -2.19

0 elevated rocky LITE
elevated rocky COTE, ROST, SATE

Île aux Dames

48.6686, -3.9125

elevated rocky COTE, ROST, SATE

Île de Trevorc'h
Île aux Moutons

48.5653, -4.5964
47.721667, -3.998333

elevated rocky COTE, ROST, SATE
elevated rocky COTE, ROST, SATE

Petit Veizit

47.619444, -2.918889

elevated rocky COTE, ROST, SATE

725

1 low sandy

varies
14.2

0-1 low sandy
0.5 low sandy

LETE, ROYT, SATE
LETE, ROYT, SATE, COTE, GBTE

2

3.2 low sandy

ROYT, SATE

6
0.9
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LETE

1.2 elevated rocky ARTE, COTE, ROST, SATE
7 elevated rocky ARTE, COTE, ROST

Table 2.3. Treatments by island. X in bold indicates a treatment that provided habitat for at least one full breeding season.

Petit Veizit

x

Île aux Moutons

x

Île de Trevoc'h

x

Île aux Dames

x

Île de la Colombière

X
x

x

X

X

X

X

X

X

X

X

X

X

X

x

x

x

x

x

x

x

x

x

x

x
X

x
X

x
X

x
X

x
X

x

x

x

x

x

Kilcoole

x
x

Lady's Island Lake

X
x

Rockabill

x

Coquet Island

dredge spoils (NC)
x

Tomkins Island

Cape Island
x

X

Bird Key

Great Gull Island
x

Penikese Island

X

X

Ram Island

X

Bird Island

Tern Island

Falkner Island

x
x

x

x

x

x

x

x

x

x
x

x

x

x

X
X
X

x
X
x

x

x

x

x
x
x

X

x

X

X

X

X

X

X

X

x
X

x
x

x

X

Salt/saltwater
Mulching
Stone or gravel
Filling/dredging
Re-planting/
transplanting

Monomoy Island

X

Solarization

Weed barriers

beach and dredge sites (MA)

X

Seavey Island

Outer Green Island

x

Appledore Island

Jenny Island

x

Stratton Island

Pond Island

Metinic Island

Seal Island

x

EUROPE

x

Burning
Hand-weeding
Mechanical weeding
Large mammal
grazing
Small mammal
grazing
Soil removal

Matinicus Rock

x

Eastern Egg Rock

Herbicide (postemergent)
Herbicide (preemergent)

UNITED STATES

Petit Manan Island

Machias Seal Island

Country Island

The Brothers

CANADA

X

X
X

x
X

x

x
X

X

x

X
X

x

x

X

X
x
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x

X
x

x

x

X

X
x

Table 2.4. List of vascular plants identified as targets for management activity on survey islands.
(Frequency: A=Annual, P=Perennial, B=Biennial. Type: F=Forb, G=Graminoid, V=Vine, S=Shrub.
Status: I=Introduced, N=Native. Life history and native status information from USDA 2010 and
Rajakaruna et al 2009.)

Scientific

Common

Habit

Type

Status: W.
Atlantic

Ambrosia artemisiifolia L.
Ammophila breviligulata Fernald

ragweed
American beachgrass

A
P

F
G

N
N

Ampelopsis brevipendiculata (Maxim.) Trautv.

porcelainberry

P

V

I

Beta vulgaris L. ssp. Maritima (L.) Arcang.
Brassica juncea (L.) Czern

common beet
Indian mustard

A
A

F
F

I

Calimagrostis Adans. spp.

reedgrass

P

G

N, I

Calystegia sepium (L.) R. Br.
Carpobrotus edulis (L.) L. Bolus

hedge bindweed
Hottentot fig

P
P

V
S

N

Celastrus orbiculatus Thunb.

Asiatic bittersweet

P

V

I

Centaurea stoebe L.
Chenopodium album L.

spotted knapweed
lambsquarter

P
A

F
F

I
I

Chenopodium L. spp.

goosefoot

A

F

N, I

Cirsium vulgare (Savi) Ten.
Clematis terniflora DC.

bull thistle
sweet autumn clematis

B
P

F
V

I

Cochlearia officinalis L. [excluded]

common scurvey-grass

A

F

Cuscuta L. spp.
Dactylis glomerata L.

dodder
orchardgrass

A
P

V
G

N, I

Datura stramonium L.

jimsonweed

A

F

I

Elymus repens (L.) Gould
Glaucium flavum Crantz

quackgrass
yellow hornpoppy

P
B

G
F

I

Holcus lanatus L.

Yorkshire fog

P

G

Lavatera arborea L.
Lonicera japonica Thunb.

tree mallow
Japanese honeysuckle

P
P

S
V

Matricaria maritima L.

false mayweed

P

F

Morella pensylvanica (Mirb.) Kartesz
Phleum pratense L.

bayberry
timothy

P
P

S
G

Phragmites australis (Cav.) Trin. ex Steud.

common reed

P

G

N

Phytolacca americana L.
Polygonum aviculare L.

American pokeweed
common knotgrass

P
A

F
F

N
I

Raphanus raphanistrum L.

Wild radish

A

F

I

Rosa rugosa Thunb.
Rubus L. spp.

rugosa rose
raspberry, blackberry

P
P

S
S

I
I

N

I

N
N
N

N
N
I
I
N
N
I

Rumex acetosella L.

common sheep sorrel

P

F

I

Sambucus nigra L.
Sinapis L. spp.

balck elderberry
mustard

P
A

S
F

I
I

Solidago L. spp.

goldenrod

P

F

N
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Status: E.
Atlantic

Tamarix L. sp.

tamarisk

P

S

I

Toxicodendron radicans (L.) Kuntze

eastern poison ivy

P

V

N

Toxicodendron vernix (L.) Kuntze
Urtica dioica L.

poison sumac
stinging nettle

P
P

S
F

N
I

82

N

Ambrosia artemisiifolia

Beta vulgaris ssp. Maritima
Brassica juncea
Calimagrostis sp.

Cuscuta sp.

Elymus repens

Calystegia sepium
Carpobrotus edulis

X

X

X

X
X

X
X

X

X

X
X

X

X

Chenopodium sp.

X

X

Centaurea stoebe

X

X

X

Celastrus orbiculatus

Chenopodium album

Datura stramonium

X
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X
X

X

Ampelopsis brevipendiculata

X
X
X

X
X
X

X
X

X
X

X

Cirsium vulgare

X

Clematis terniflora

X

Cochlearia officinalis

X

X

Dactylis glomerata

X

Kilcoole

Lady's Island Lake

Rockabill

Coquet Island

Tomkins Island

Bird Key

dredge spoils (NC)

Cape Island

Great Gull Island

Falkner Island

X
X
X
X X

X
X
X
X X

X
X
X
X X

Petit Veizit

Île aux Moutons

X

Île de Trevorc'h

X

Île aux Dames

X

Monomoy Island

UNITED STATES

Île de la Colombière

X

Penikese Island

Ram Island

X

Bird Island

Tern Island

Ammophila breviligulata
beach and dredge sites (MA)

Seavey Island

CANADA

Appledore Island

Stratton Island

Outer Green Island

Jenny Island

Pond Island

Eastern Egg Rock

Metinic Island

Seal Island

Matinicus Rock

Petit Manan Island

Machias Seal Island

Country Island

The Brothers

Table 2.5. Target plant species by island of occurrence.
EUROPE

Polygonum aviculare

Rumex acetosella

Sinapis. spp.

Solidago spp.

Urtica dioica

Rubus spp.

Phleum pratense

Raphanus raphanistrum

X

X

X

X
X

X

Toxicodendron radicans

Toxicodendron vernix

X

84
X

Lonicera japonica

X

Phragmites australis

X
X

Phytolacca americana

X
X

X

Rosa rugosa

X

X
X

X

X

Tamarix sp.

X

Holcus lanatus

Lavatera arborea

X

Morella pensylvanica

X
X

X

X
X
X

X

Sambucus nigra

X
X

X
X

X

X
X

Kilcoole
X
X
X
X X

X
X
X
X X

X
X
X
X X

Petit Veizit

Île aux Moutons

X

Île de Trevorc'h

X

Île aux Dames

Glaucium flavum

Lady's Island Lake

UNITED STATES

Île de la Colombière

Matricaria maritima

Rockabill

Coquet Island

Tomkins Island

Bird Key

dredge spoils (NC)

Cape Island

Great Gull Island

Falkner Island

Monomoy Island

Penikese Island

Ram Island

Bird Island

Tern Island

beach and dredge sites (MA)

Seavey Island

Appledore Island

Stratton Island

Outer Green Island

Jenny Island

Pond Island

Eastern Egg Rock

Metinic Island

Seal Island

Matinicus Rock

Petit Manan Island

Machias Seal Island

Country Island

The Brothers

CANADA
EUROPE

Figure 2.1. Map of all islands submitting survey responses
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APPENDIX A
VEGETATION MONTIORING PROTOCOLS USED FOR DATA COLLECTION ON
EASTERN EGG ROCK AND OUTER GREEN ISLAND, ME, 2009-2010
VEGETATION MONITORING PROTOCOLS
Overview:
This monitoring is part of a two-year study comparing the effectiveness of different vegetation
management techniques for creating tern nesting habitat. We will be monitoring treatments
on Outer Green Island and Eastern Egg Rock, including burning, organic mulch, planting, and
soil removal. In addition, we will sample existing tern habitat and control plots for comparison.
Rampant growth of vegetation and resulting loss of tern habitat is a problem throughout the
Gulf of Maine, and this study will attempt to shed light on both the nature of the problem and
the efficacy of several potential solutions.
Plots:
All treatments will occur prior to the nesting season. Burning, mulch, planting, and control
treatments are randomly assigned to 10x10m plots adjacent to tern habitat. These plots have
been flagged with rebar posts at the corners and should not be disturbed during the summer
(except for monitoring visits). Maps of the island will be provided to familiarize you with the
locations and ID numbers of the plots. As vegetation grows, the rebar posts may become
difficult to see. If this is the case, please use flagging tape or spray paint to mark the posts so
they remain visible. No vegetation within the plots should be removed, disturbed, or cut, as we
will be measuring height, density, and diversity as part of the monitoring regime.
Schedule:
We will sample the plots at three times during the season: laying (late May-early June), hatch
(mid-late June) and fledging (mid-late July). You will be responsible for deciding when to
sample based on weather conditions and workload. In general, make sure to sample when all
vegetation is dry (i.e., you can walk through without getting your pants wet) and when the
prevailing wind speed, as measured by the island anemometer, is less than 10 mph. If possible,
try to sample early within the following sampling windows:
Sampling Period 1: 28 May – 3 June
Sampling Period 2: 15 June – 24 June
Sampling Period 3: 6 July – 15 July
If the weather is unsuitable during the entire sample period, sample as soon afterward as
possible.
Equipment:
You will be working in dense vegetation including ragweed, burdock, stinging nettle, and cow
parsnip. Make sure to dress appropriately: closed-toed shoes, long pants, long sleeves, and
work gloves, particularly if you are sensitive to cow parsnip sap (which is photo-reactive and
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can cause rashes or burns). Sampling takes time, and is conducted in full sun and often near
tern nests. Be prepared with sunscreen and head protection as necessary.
When sampling, make sure you bring:
2-4 census flags
2 long (>/= 10m) and one short (3m) measuring tapes
Data sheets, clipboard, and pencils
Robel pole
Sighting stick
(See the “Sampling” section for details on these tools)
Daubenmire frame
Point-quarter stick
Camera
Transects:
Before sampling, select two random numbers between 1 and 18 for each plot you plan to
sample (record selected numbers on the datasheet). This can be done by writing the numbers
on slips of paper, putting the papers in a container, and drawing out two slips. The slips can
then be replaced and the process repeated for each subsequent plot. Transect numbers can be
duplicated in different plots, but not within a single plot—that is, each plot must have two
unique numbers, but two different plots might contain the same transect.
For the sake of consistency, numbering begins at the northwest corner of each plot, or the
corner closest to that location (Figure 1). Number 1 is parallel to and one meter east of the
western border of the plot. Number 2 is parallel to and one meter east of Number 1. This
continues through Number 9. Number 10 is parallel to and one meter south of the northern
edge of the plot, with Number 11 parallel to and one meter south of Number 10, etc. The final
transect number, 18, runs parallel to and one meter north of the southern border of the plot.
We will confirm the ordering of your transects at the beginning of the season to make sure it is
clear. Mark them on a map and make sure they remain consistent.
Once you are in the plot, mark your first transect placing flags at either end. Each person (two)
using a meter tape will find the end of the transect by measuring from the corner posts.
Measure the appropriate number of meters from the corners on opposite sides (if transect 4 is
selected each person will measure 4 meters west to east from the plot edge and place flag);
next using a single meter tape mark the sampling points along the transect. You will sample at
1m intervals, beginning at the 0.5 m mark at one end and working through 1.5, 2.5, 3.5, and up
to 9.5 m for a total of 10 sampling points on each transect. Repeat for the second transect in
the same plot. Avoid trampling the grass any more than necessary.
You will also sample areas that are not in treated plots: tern habitat and planting plots.
Planting plot
The planting plot is a 10x10m plot; however, since it is not an experimental treatment, you will
only sample one transect per period. Sample according to the “Sampling” instructions.
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Tern habitat
At the beginning of the season, use the island map to identify all grid squares that have edges in
tern habitat (Figures 2-3). When you are ready to sample, choose two of these squares at
random. For the first square, find the rebar post marking the southern edge of the square and
use this as the starting point for your transect. For the second, follow the same procedure
using the northern edge of the square. Although you should try to stay as near as possible to
the grid edge, you’ll need to use your judgment in choosing a section—make sure that your
sampling points fall within the nesting area and work around nests or chicks as needed. In tern
habitat, you will probably want to avoid laying a meter tape on the ground; instead, flag both
ends of your intended transect and simply proceed as directly as possible from one to the
other, using the Robel pole to approximate 1m distances between points.
Sampling:
At each of the ten sample points along a transect, you will take four distance/species
measurements, one % cover measurement, and one height measurement, which you will
record on the provided data sheet.
Point Quarter
To create a point-quarter grid, at each ½ meter sample point (S1….10) along the transect place a
flag and lay a straight edge perpendicular to the transect at that point. This will divide the
immediate area into four quadrants: Q1 through Q4 beginning in the upper left and moving
clockwise. For each quadrant, find the shoot closest to the sampling point (Sx) and record
species and distance from Sx (in millimeters, using a ruler) to the shoot. Therefore, a complete
“point-quarter” measurement for a sampling point will consist of four species shoots identified
to species and their corresponding distance from the sample point Sx.
Cover
To estimate cover, use the Daubenmire frame, which will consist of 50 squares. Holding the
frame so that it is centered on the sampling point, count the number of squares completely
covered by vegetation. You can count half-squares if necessary, but no smaller. Multiply by two
and record this number as percent cover.
Height
Measure vegetation height using the Robel pole. The person standing at the sampling point (Sx)
will hold the pole upright directly on the point, while the other person will stand 4 meters
(outside the plot, if possible) from the point. You may want to lay out a second transect parallel
to the first at 4 meters’ distance, so that you will not need to re-measure for each point. The
person 4 m from the sampling point will use the sighting-stick to estimate vegetation height.
Lining up his or her eyes with the top of the sighting stick, the second person will read the
highest-visible band, either the top or midpoint of one of the thick black or white bands dividing
the Robel pole. This will be recorded as the average vegetation height for this point.
Photographs and unknown plants
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At each of the three sampling times, photograph each plot from a sufficient distance to include
the entire 10x10 plot in a single photograph. Transfer these photographs to your island
computer and label with the date and plot number (e.g., B1_052809). Also photograph any
plants that you are unable to identify. Use an ID number (e.g., UnkA) on your data sheets, and
label the photograph with this number when you transfer it to your island computer. It would
be a good idea to maintain two folders, one for plot photos and one for plant photos. For any
plants you cannot identify, try to also collect a sample from elsewhere on the island. At the end
of the season, if you are still uncertain about any particular plants inside the plots, collect and
press samples (not entire plants) from the plots themselves.

Data Entry
Databases, in the form of Excel spreadsheets, will be provided on your island computer. Time
and power supply permitting, try to enter all monitoring data as soon as possible after
sampling. This should help to reduce confusion from inconsistencies in recording.
Soil Sampling
In the last few days of the season, you will collect a soil sample for soil health and nutrient
analysis. To do this, randomly select three sampling points per plot using the 1 m transect grid.
At each of the three points, remove the top layer of plant matter (surface shoots, thatch, and
roots) and use a trowel to mix the upper 6 inches (15 cm) of soil. Place approximately 2 cups of
soil from each sampling point in a large storage bag and immediately place in a dark, cool place.
This will need to be sent off the island for pH and nutrient analysis within two days of sampling,
so try to collect no more than two days before the end of the season, or before a late-season
run after you have completed the three monitoring samples.
Productivity Monitoring
At census time, count the number and species of tern nests in each of the study plots as well as
clutch size for each. If there are more than five nests in a plot, select five and mark for
monitoring; if there are five or fewer, mark and monitor all nests. Try to monitor nesting
success by checking for survival during your regular productivity checks or from nearby blinds.
If nests are sufficiently concentrated, we may erect a productivity fence around approximately
five of them to make checks easier—this will be decided later. You do not need to monitor
more than five nests, and you do not need to take growth measurements on chicks within the
study plots. Keep track of chick survival on a separate survival datasheet for each plot.
Questions
If anything is difficult, unclear, or not working out as it is supposed to, please contact Juliet on
the Egg Rock phone (207-210-1125). Scott can also answer questions about this project if
necessary.

Thanks so much for your help! Happy sampling!
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APPENDIX B
SURVEY USED TO COLLECT VEGETATION MANAGEMENT INFORMATION FROM
SEABIRD COLONY MANAGERS, 2010
March 2010

Survey: Vegetation Management in Seabird Nesting Colonies
Name: __________________________________________
Organization: __________________________________________
Position: ________________________________________
Mailing Address: _______________________________________
E-mail: __________________________________________
1) Please rank the following from 1 (greatest) to 8 (least) in terms of which, in your opinion,
have had the greatest negative impact on the numbers and success of nesting seabirds in the
colonies managed by your organization over the past decade:
__ A) Predation
__ B) Interspecific competition
__ C) Disease
__ D) Habitat loss due to overgrowth
__ E) Events on wintering grounds
__ F) Decreasing prey availability
__ G) Extreme weather
__ H) Other (please specify):
2) Please specify whether you expect the impact of each of these threats to increase, remain
constant, or decrease over the upcoming decade:
A) Predation
Increase
Remain Constant
Decrease
B) Interspecific competition
Increase
Remain Constant
Decrease
C) Disease
Increase
Remain Constant
Decrease
D) Habitat loss due to overgrowth
Increase
Remain Constant
Decrease
E) Events on wintering grounds
Increase
Remain Constant
Decrease
F) Loss of prey base
Increase
Remain Constant
Decrease
G) Extreme weather
Increase
Remain Constant
Decrease
H) Other: _______________________
Increase
Remain Constant
Decrease
3) Have the islands managed by your organization experienced a change in the numbers or
distribution of nesting seabirds due to vegetation growth?
Numbers
Distribution
Both numbers and distribution
No changes
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3a) If you answered yes to question 3, please specify what impact vegetation growth has
had on nesting numbers or distribution of the following species. To include additional
species, please use the blank spaces at the end of the list:
Common Tern
Positive
Neutral
Negative
N/A
Roseate Tern
Positive
Neutral
Negative
N/A
Arctic Tern
Positive
Neutral
Negative
N/A
Least Tern
Positive
Neutral
Negative
N/A
Forster’s Tern
Positive
Neutral
Negative
N/A
Laughing Gull
Positive
Neutral
Negative
N/A
Great black-backed gull
Positive
Neutral
Negative
N/A
Herring gull
Positive
Neutral
Negative
N/A
Common Eider
Positive
Neutral
Negative
N/A
Leach’s Storm Petrel
Positive
Neutral
Negative
N/A
___________________
Positive
Neutral
Negative
N/A
___________________
Positive
Neutral
Negative
N/A
4) Please identify any plant categories and, if possible, specific species (by common or scientific
name) that you have observed as threats to open nesting areas in the colonies you manage:
Perennial Grasses
Observed
Not observed
Species: _________________________________________________________________
__________________________________________________________________
Herbaceous Perennials
Observed
Not observed
Species:_________________________________________________________________
__________________________________________________________________
Annual Grasses
Observed
Not observed
Species:_________________________________________________________________
__________________________________________________________________
Herbaceous Annuals
Observed
Not observed
Species: _________________________________________________________________
__________________________________________________________________
5) Has your organization ever taken any management actions to curtail vegetation growth on a
seabird nesting island?
Yes
No
Questions 6-6b, 7A-7P, and 8 deal with specific details of vegetation management activities. If
you answered no to Question 5, please move on to Question 9 on Page 7. If you answered yes,
please continue with Question 6.
6) Which of the following management actions has your organization used to control
vegetation? Please circle all that apply.
A) Post-emergent herbicide (Roundup or similar)
B) Pre-emergent herbicide (CGM or similar)
C) Soil sterilization or fumigation
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D) Hand-weeding
E) Mechanical weeding or mowing
F) Burning
G) Solarization (clear plastic application)
H) Black plastic application
I) Landscape fabric application
J) Salt or gravel application
K) Mulching (commercial mulch, shredded newspaper, etc.)
L) Soil removal
M) Re-planting or replacing vegetation
N) Grazing
O) Other (please specify): ________________________
P) Other (please specify): ________________________
6a) Of the actions you circled, please list by letter all that have provided suitable nesting
habitat for at least a single season (nest initiation through fledging of one year):
__________________________________________________________________
6b) Of the actions you circled, please list by letter all that have provided suitable nesting
habitat for more than one season without reapplication:
__________________________________________________________________
7) The following questions concern details of the management techniques listed in Question 6.
Please provide further information for the techniques that you circled.
7A: Post-emergent herbicide
Specific brand(s) used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Timing of treatment (circle all that apply):
Spring
Summer
Fall
Effective for: No effect
<1 season
1 season
2 or more seasons
7B: Pre-emergent herbicide
Specific brand(s) used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Timing of treatment (circle all that apply):
Spring
Summer
Fall
Effective for: No effect
<1 season
1 season
2 or more seasons
7C: Soil sterilization or fumigation
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Specific product(s) used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Timing of treatment (circle all that apply):
Spring
Summer
Fall
Effective for: No effect
<1 season
1 season
2 or more seasons
7D: Hand-weeding
Approximate area of application: _____________________
Target plant (s) species:____________________________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Timing of treatment (circle all that apply):
Spring
Summer
Fall
Effective for: No effect
<1 season
1 season
2 or more seasons
7E: Mechanical weeding or mowing
Equipment used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Timing of treatment (circle all that apply):
Spring
Summer
Fall
Effective for: No effect
<1 season
1 season
2 or more seasons
7F: Burning
Equipment used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Timing of treatment (circle all that apply):
Spring
Summer
Fall
Effective for: No effect
<1 season
1 season
2 or more seasons
7G: Solarization (clear plastic application)
Product(s) used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Duration of application (start and end dates): _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Effective for: No effect
<1 season
1 season
2 or more seasons
7H: Black plastic application
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Product(s) used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Duration of application (start and end dates): _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Effective for: No effect
<1 season
1 season
2 or more seasons
7I: Landscape fabric application
Specific brand(s) used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Effective for: No effect
<1 season
1 season
2 or more seasons
7J: Salt or gravel application
Material(s) used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Timing of treatment (circle all that apply):
Spring
Summer
Fall
Effective for: No effect
<1 season
1 season
2 or more seasons
7K: Mulching (commercial mulch, shredded newspaper, etc.)
Material(s) used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Timing of treatment (circle all that apply):
Spring
Summer
Fall
Effective for: No effect
<1 season
1 season
2 or more seasons
7L: Soil removal
Equipment used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Timing of treatment (circle all that apply):
Spring
Summer
Fall
Effective for: No effect
<1 season
1 season
2 or more seasons
7M: Re-planting or replacing vegetation
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Species used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Effective for: No effect
<1 season
1 season
2 or more seasons
7N: Grazing
Livestock used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Length of grazing season (start and end dates): _____________________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Effective for: No effect
<1 season
1 season
2 or more seasons
7O: Other: ________________________________
Materials/equipment used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Effective for: No effect
<1 season
1 season
2 or more seasons
7P: Other: ________________________________
Materials/equipment used: __________________________________________
Target plant (s) species:____________________________________
Approximate area of application: _____________________
Approximate cost per application: <$50 $50-$100
$100-$200
>$200
Approximate work-hours per application: <10 10-20 20-30 30-40 >40
Effective for: No effect
<1 season
1 season
2 or more seasons
8) Is your organization currently conducting any research or analysis on effective strategies for
vegetation management?
Yes
No
8a) Please indicate which of the following techniques you are using to conduct this
analysis (circle all that apply):
A) Monitoring of vegetation regrowth in treated areas
B) Monitoring of nesting bird numbers in treated areas
C) Monitoring of nesting success in treated areas
D) Adaptive management
E) Experimental manipulations with before/after monitoring and controls
F) Other: ____________________________________________________
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8b) Would you be willing to share details of the research (such as proposals or work
plans)? If so, please include the document(s) with this survey or use the space below to
provide contact information or an electronic address for obtaining them. Thank you!
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
9) Does your organization have funding specifically dedicated to vegetation management or
habitat creation/improvement?
Yes
No
10) If you were looking for information on techniques or options for creating seabird habitat in
the colonies you manage, which of the following resources would you consult?
A) Other managers
B) Bird or wildlife-related scientific publications
C) Botany, agriculture, or weed science-related scientific publications
D) Wildlife professionals
E) Botanical or agricultural professionals
F) Other (please specify): _______________________________________________
10a) If you have undertaken vegetation management projects in the past, please list any
resources, organizations, or individuals that helped you decide which techniques to use:
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
11) Has your organization produced any reports or summary information on vegetation
management for seabird management that could be made available for outside review?
Yes _____
No _____
11a) If you are willing to share this information, please include the document(s) with
this survey or use the space below to provide contact details or an electronic address for
obtaining them. Thank you!
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
Thank you for your help. If you have any questions or would like to talk further about managing
vegetation in nesting colonies, please contact:
Juliet Lamb
MS Student, University of Massachusetts Amherst
E-mail: jslamb@nrc.umass.edu
Phone: 774-408-0202
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