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Recent Invasions of the Gulf of Maine: 
Three Contrasting Ecological Histories
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Abstract: Introduced species are com m on members o f  estu- 
arine com m unities where their role as competitors and  pred
ators is o f  concern. This paper exam ines the invasion o f  G u lf 
o f  M aine benthic habitats by the ecologically sim ilar alien  
invertebrates Styela clava, Botrylloides diegensis, and  Mem
branipora membranacea.

Styela clava increased slow ly in abundance a t study sites 
in Beverly, M assachusetts and  Portsmouth, New Hampshire. 
We fo u n d  no evidence o f  com petitive dom inance by S. clava, 
even though it is the com petitive d o m in a n t in  sim ilar hab
itats elsewhere. Botrylloides diegensis rapidly became a d o m 
inan t species after its arrival in  the Great Bay Estuary, bu t 
this dom inance was short-lived. B. diegensis persists in the 
estuary as an early colonist o f  p rim ary space and  as an  
epibiont on secondary substrates in established co m m u n i
ties. Membranipora membranacea became the do m in a n t epi
p hyte  on lam inarían kelps w ith in  two years. Although  M. 
membranacea overgrew the native epiphytes Obelia genicu
lata and  Electra pilosa in  the overwhelm ing m ajority o f  en 
counters, these native species are more com m on on other 
algal hosts. Therefore, com petitive dom inance is n o t likely a 
fac to r in the successful invasion o f  the G u lf o f  M aine by M. 
membranacea.

These species provide evidence fo r  opposing views o f  the 
role o f  com petition in  m ediating com m unity  invasion. We 
show that ecological sim ilarity  am ong species is no t an  ac
curate criterion to pred ict either the m echanism  o f  invasion  
or the m eans o f  persistence. In  addition, these data indicate 
that biological invasions m u st be exam ined on broad spa
tial and  temporal scales; short-term or narrowly focused  
studies can lead to incorrect conclusions.

Address correspondence to Jody Berman.
Paper subm itted September 21, 1990; revised m anuscript accepted 
August 16, 1991.

R esum en : Las especies introducidas son m iem bros com 
m unes de las comunidades estuariales donde su  rol com o  
competidores y  consumidores es preocupante. Este trabajo 
exam ina la invasión de Ios hábitats bénticos del Golfo de 
M aine p o r  Ios invertebrados introducidos y  ecológicamente 
sim ilares Styela clava, Botrylloides diegensis y  Membranipora 
membranacea. Styela clava aum entó  en abundancia  en Ios 
sitios de estudio localizados en Beverly (Massachusetts) y  
Portsm outh (New Hampshire). No encontram os evidencias 
que indicaran una dom inancia  com petitiva p o r  parte de S. 
clava, a pesar de que es una  especie que dom ina  com petiti
vam ente hábitats sim ilares en otras regiones. Botrylloides 
diegensis se transformo rápidam ente en una  especie d o m i
nante después de su arrivo a l Estuario de la Bahía Grande, 
pero su dom inancia  fu e  de corta duración. B. diegensis p er
siste en el estuario como colonizador temprano de espacios 
prim arios y  como epibionte sobre sustratos secundarios en 
com unidades establecidas. Membranipora membranacea se 
transformó, en un  período de dos años, en la epífita d o m i
nante sobre kelps Laminariales. Si bien  M. membranacea cre
ció sobre las epífitas nativas Obelia geniculata y  Electra p i
losa, en la gran m ayoría  de las veces que entraron en  
contacto, estas especies nativas son m ás com unes sobre otros 
hospedantes algales. Es probable, p o r  lo tanto, que la d o m 
inancia com petitiva no  sea un  fac to r en la invasión existosa  
del Golfo de M aine p o r  parte de M. membranacea. Estas es
pecies proveen evidencia a fa v o r  de p u n to s  de vista opuestos 
sobre el rol de la competencia en la m ediación de la inva
sión de comunidades. Nosotros dem ostram os que la sem e
ja n za  ecológica entre especies no es un  criterio apropiado  
para  predecir n i Ios m ecanism os de invasión n i Ios m edios  
de persistencia. En fo rm a  adicional, estos datos indican que  
las invasiones biológicas deben ser exam inadas en escalas 
temporales y  espaciales amplias; estudios a corto p la zo  o es
trechamente enfocados pueden llevar a conclusiones erróneas.

435

Conservation Biology
Volume 6, No. 3, September 1992
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Introduction

Studies of introduced species have provided a range of 
results with respect to the effects of invading species on 
the native community (Elton 1958). Some studies found 
that invaders have had a measurable, often devastating, 
impact on the native community. Effects range from 
shifts in resource utilization patterns by indigenous spe
cies (Mortgan et al. 1978; Race 1982; Brenchley & Carl
ton 1983), to alteration of food webs (Zaret & Paine 
1973; Herbold & Moyle 1986), to local or regional ex
tinction of native species (Clarke et al. 1984). Invading 
species succeed at the expense of native species by out- 
competing native species for resources or by preying 
upon them. In contrast, o ther investigations docu
m ented few changes in the native community as a result 
of species invasions (Simberloff 1981; Roughgarden 
1986; Berman & Carlton 1991). In these cases, invasive 
species succeeded by colonizing habitats with resources 
(such as food or space) unused by native species.

In recent years a number of species have been intro
duced into the Gulf of Maine. These species include the 
European nudibranch Tritonia plebeia  (Allmon & Se
hens 1988), the Asian green  alga C odium  fra g ile  
tomentosoides (Carlton & Scanlon 1983), the Asian and 
Californian tunicates Styela clava and Botrylloides d i
egensis; respectively (Carlton 1989), and the European 
ec to p ro c t M em branipora  m em branacea  (Lam bert 
1990). This study focuses on the invasion of the south
ern Gulf of Maine by the sessile invertebrates Styela 
clava, B o tryllo ides diegensis, and M em branipora  
m em branacea  The goals of this study w ere to docu
ment the arrival and subsequent changes in abundance 
of these three species, and to examine the implications 
of the mechanisms of successful invasion represented by 
these three species in the context of marine benthic 
community structure.

Study Species

Styela clava is believed to have come to the Atlantic 
coast of North America from Japan via Europe sometime 
in the late 1960s (Carlton, personal communication). 
Carlton states that the first observation of S. clava was 
on Long Island, New York, in 1973, and that by 1988 its 
range expanded to include the North American coast 
from Connecticut to Maine. Carlton also reports that S. 
clava is a competitive dominant, occurring in dense 
stands in regions previously dominated by M ytilus edu
lis.

Botrylloides diegensis was released by a biologist into 
Eel Pond, Woods Hole, Massachusetts, in the summer of 
1972 (Carlton 1989). It spread rapidly, both north and 
south, and now occurs from Long Island Sound to Casco

Bay, Maine. Carlton stated that B. diegensis is a space 
dominant on hard substrates throughout southern New 
England.

Membranipora membranacea  occurs both in Europe 
(Ryland 1970; Eggleston 1972) and on the Pacific coast 
of North America (Osburn 1953; Yoshioka 1982¿z,fr). 
Scattered reports of the occurrence of M. m em brana
cea on the Atlantic coast of North America have been 
published prior to this report. Osburn (1944) stated 
that an ectoproct identified as M. membranacea  oc
curred on the marsh plant Ruppia m aritim a  in Chesa
peake Bay at salinities of 6 -1 3%o. Dudley (1973) con
cluded that this report was in error, however, and that 
O sburn’s M. m em branacea  was probably an unde
scribed species of M em branipora  More recently, Wal
ters & Wethey (1986) reported collecting an ectoproct 
they called M. membranacea  in intertidal habitats: on 
Fucus spp. at Harpswell, Maine and Durham, New 
Hampshire, and on Chondrus crispus in Long Island 
Sound. Based on examination of historical herbarium 
specimens and personal observations, we found that the 
common Membraniporine species on fucoid algae at 
Durham, New Hampshire is Electra pilosa; we found no 
specimens which resemble M. membranacea  Based on 
this and communications with the authors, this latest 
report is believed to be in error. Therefore, we feei that 
the species we call M embranipora membranacea  is not 
the same as that identified above, and that the species 
we are describing is in fact a new arrival in the Gulf of 
Maine.

Materials and Methods

Species arrivals in the New Hampshire and southern 
Maine coastal zones w ere docum ented primarily by per
sonal observations. The observations, beginning in 
1969, include extensive collections from a variety of 
habitats, dive logs, photographs, and videotapes taken 
within the southern Gulf of Maine study area. Patterns of 
abundance were docum ented using the methods out
lined below.

Styela clava  was gathered as part of collecting trips to 
marinas in Beverly, Massachusetts (1 -3  per year) and 
Portsmouth Harbor, New Hampshire (5 -2 0  per year), 
since the spring of 1970. These data form the basis for 
documenting changes in this species’ abundance. Regu
lar monitoring of a panel experim ent established at 
Newcastle, New Hampshire, in the w inter of 1979 (see 
description below for Botrylloides diegensis) has p ro
vided additional data on the population of this tunicate 
at the mouth of Portsmouth Harbor, New Hampshire.

The appearance and pattern of abundance of B o
trylloides diegensis was docum ented using two panel 
studies conducted in Portsmouth Harbor, New Hamp
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shire. A long-term study was initiated in 1979 (Harris & 
Irons 1982). Ninety-six 0.1 m2 plexiglass panels were 
established at the Coast Guard Station at Newcastle, 
New Hampshire. They w ere photographed seasonally 
for four years, and are now photographed annually. Win
ter photographs w ere selected from the overall data 
pool because they had the highest abundance of com
pound ascidians. From these, a stratified subsample of 
yearly photographs was selected on the basis of photo
graphic clarity. Percent cover of B. diegensis was deter
mined by projecting the image onto a grid of 1 m2 boxes 
and tallying all boxes that w ere one-quarter covered by 
B. diegensis. Differences betw een percent cover in both 
substrate angle and time w ere compared using a two- 
way ANOVA (on  arc-sine transformed data) and A ma
trices to test hypotheses of interest.

The second panel study was conducted at the Com
mercial Fishing Pier, Portsmouth, New Hampshire. This 
short-term  study docum ented  the effect of m icro
predators on the sequence of species appearances in 
early successional fouling com m unities (Lam bert 
1983). Percent cover of all sessile organisms was deter
mined by point analysis on a grid of 400 dots and ana
lyzed by a two-way ANOVA on arc-sine transformed data 
(Zar 1984).

The timing and pattern of the early invasion history of 
the ectoproct M embranipora membranacea  was doc
um ented as part of a study conducted at Cape Neddick, 
York, Maine, from June 1987 through May 1989 (Lam
bert 1990). Lam inaria  spp. blades ( n = 5), covered 
with the hydroid Obelia geniculata, w ere collected 
twice monthly with no reference to ectoproct colonies 
present on the blade. Ectoproct colony areas (both M. 
membranacea  and Electra p ilo sa )  were quantified by 
tracing them onto paper and measuring them (in square 
centim eters) with a m icrocomputer and digitizing pad. 
Data w ere standardized to 100 cm 2 of kelp surface area 
to adjust for different sampling units (Seed et al. 1981). 
Differences in ectoproct abundance between the first 
(June 1987-May 1988) and second (June 1988-May 
1989) years w ere determ ined using a i-test on the stan
dardized data.

The frequency of occu rrence of M em branipora  
membranacea, Obelia geniculata, and Electra p ilosa  
on subtidal algae was compared at Cape Neddick from 
Fall 1988 through Spring 1989. Samples of Laminaria  
saccharina and Agarum  cribrosum  w ere haphazardly 
collected by SCUBA divers. Chondrus crispus samples 
were obtained by collecting all C. crispus plants from 
within ten replicate (0.1 m 2 quadrants). The relative 
abundance of these epiphyte species on the three algal 
substrates was compared using Chi-Square statistics.

In order to com pare the abundance of M em bra
nipora membranacea  on large (m ore than 60 cm total 
length) and small (less than 30 cm total length) L am i

naria saccharina, five replicate samples of fifty sporo- 
phytes of each size class w ere collected from Cape Ned
dick in October 1988. Chi-Square statistics w ere used to 
determine whether a significant difference in percent 
occurrence of M. m embranacea  existed between the 
two algal substrates.

A comparison was made betw een the relative size of 
M. m embranacea  colonies on sporophytes of L am i
naria saccharina and Agarum  cribrosum. Samples of 
these two algae w ere collected in December 1988 at 
Cape Neddick. These blades were brought to the lab, 
where M. membranacea  colonies w ere sorted into size 
classes: less than 100 cm 2, 101-1000 cm2, 1001-10,000 
cm2, and more than 10,000 cm2. The frequency of col
onies in each category was compared among algal sub
strates using Chi-Square statistics.

Seasonal and exposure differences in the percent oc
currence of M embranipora membranacea  were exam
ined by collecting samples of Lam inaria  spp. at ex
posed and protected locations at Cape Neddick and at 
the Isles of Shoals during Fall 1988 and Spring 1989. The 
protected site at Cape Neddick is a shallow kelp bed at 
the back of the cove formed by Nubble Island and Cape 
Neddick; the exposed site is in the zone of overlap of 
distribution of Lam inaria  spp. and Agarum  cribrosum  
at the semi-exposed northwest corner of Nubble Island. 
Samples from the exposed site at the Isles of Shoals w ere 
collected at the base of a rock ledge extending down
ward from the southeast side of Star Island. The samples 
from the protected site at the Isles of Shoals w ere made 
in Gosport Harbor at a site off Smuttynose Island.

The relative competitive abilities of M embranipora  
membranacea, Electra pilosa, and Obelia geniculata  
w ere docum ented  using kelp blades co llec ted  b i
monthly at Cape Neddick from June through October 
1989. Blades w ere scanned under a dissecting m icro
scope, and the outcome of each encounter between 
each M. membranacea  colony and any other colony of 
M. membranacea, O. geniculata, and E. p ilosa  was re
corded. A win was recorded when one M. m em brana
cea colony overgrew the growing edge of another col
ony by more than 3 millimeters. This distance was used 
to determine a victory because it is greater than the 
length of a cystid of both M. membranacea  and E. p i 
losa, and we felt overgrowth of more than one cystid 
was necessary to identify a w in situation. A loss was 
recorded w hen the growing edge of a M  membranacea  
colony was overgrown by any other colony by more 
than 3 mm. A standoff was recorded w hen no over
growth had occurred. Encounters w ith overgrowth less 
than 3 mm w ere not included in the analysis.

In all cases, algal blades were maintained in a closed 
sea water system at the University of New Hampshire 
( 12° C and 34%o). Counts w ere made and measurements 
taken within 24 hours of collection.
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Results

In the spring of 1970, Styela clava was rare on floats in 
marinas in Beverly, Massachusetts. At that time, a one- 
hour search by ten students resulted in the location of 
1-3 individuals. By the late 1970s, S. clava had become 
common, and it is now abundant on primary space.

The first specimen of Styela clava we located in New 
Hampshire was found on a float in Portsmouth Harbor in 
1983. As of November 1990, S. clava had not been 
found on the panels located at the Coast Guard Station 
at Newcastle, New Hampshire. The size of the northern 
population of S. clava  is, therefore, not increasing as 
rapidly as the population in Beverly, Massachusetts.

The first specimens of Botrylloides diegensis were 
collected in the Great Bay Estuary at Fox Point and in 
Zostera m arina  beds in the summer of 1981. B. diegen
sis colonies first appeared on the long-term panels in 
1982; it became a major space occupant in 1985 (Fig. 
1). A significant (p  <  0.05) interaction was found be
tween surface angle and year. Significant differences (p  
<  0.05) w ere found between all three surface angles in 
1985 and betw een lower, vertical, and upper surfaces in 
1986. B. diegensis is currently present on the panels in 
low numbers of small colonies, primarily as an epiphyte 
on mussels.

Further evidence of the dominance of space by B o
trylloides diegensis was shown by the short-term panel 
study in 1984. B. diegensis overwhelmingly dominated 
lower surfaces (m ean 68.6, SE = 3 9 ) when compared 
to upper surfaces (m ean 3.8, SE = 2.8). Levels de
creased in 1985; B. diegensis covered 30.6% (SE = 4.9) 
on lower surfaces and 9.6% (SE = 3.2) on upper sur
faces.

M embranipora membranacea  was first observed on

25 "I Upper

Lower

2 0 - Vertical

u,<D
>Oo 15-

G<DO
<L>

O h 1 0 -

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Figure 1. M ean percent cover (±SE) by Botrylloides 
diegensis on plexiglass panels located under the 
Coast Guard Pier a t Newcastle; New Hampshire; fro m  
1979 through 1989.

Lam inaria saccharina blades at the Isles of Shoals in 
August 1987. Although this ectoproct could be seen at 
Cape Neddick later that same year (W. Lambert, per
sonal observation), the first colonies collected in the 
samples taken at Cape Neddick w ere found in July 1988 
(Fig. 2). During the study period, the ectoproct abun
dance on Lam inaria  spp. blades increased by an order 
of magnitude. There was no change in the abundance of 
Electra p ilosa  on kelp blades between years (i-test, ƒ? = 
0.118), and the increase in ectoproct cover was due 
solely to the invasion by M  m embranacea  (i-test, ƒ? <  
0.05).

Significant differences in percent occurrence of Obe
lia gen icu la ta , Electra p ilo sa , and M em branipora  
membranacea  were found among the three algal sub
strates (p  <  0.05). O. geniculata  was most common on 
Agarum cribrosum , and E. p ilosa  was the dominant 
epiphyte on C hondrus crispus. M. m em branacea  
showed its greatest abundance on Lam inaria  spp. 
blades (Fig. 3), occurring on 1 per 1790 C. crispus, 25 
per 17ÓA cribrosum, and 350 per 685 Lam inaria sac
charina

M. m em branacea  had a significantly {p <  0 .05) 
higher percent occurrence on large Lam inaria saccha
rina  blades (mean 84.46, SE = 0.06) than on small 
blades (mean 15.89, SE = 0.048). In addition, M  m em 
branacea colony size was significantly larger on L. sac
charina than on A cribrosum (p  <  0.05) (Fig. 4); this 
pattern of larger colonies on Lam inaria  spp. was ob
served in all samples collected during the study period. 
In addition, it was rare to find a blade of A cribrosum  
completely covered by M. membranacea, while co
occurring Laminaria  spp. blades w ere often over 90% 
covered by this ectoproct.

50 "I
■  Electra pilosa 

□  Membranipora membranacea
4 0 -

Wh<L>
ë 3 0 '

G<DoWh<L>
CLh

2 0 -

10-

o oo m r- o_ <N O  <N O  <N
c cGG bûbJOçxa,

1988 1989

Figure 2. M ean percent cover (±SE) o f  ectoprocts on  
Laminaria spp. blodes collected a t Cape Neddick, 
York, M aine (after Lambert 1990).
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□  Membranipora membranacea 
^  Obelia geniculata 
■  Electra pilosa

100 i

Laminaria Agarum Chondrus

Figure 3- Percent total occupancy (±SE) by the epi
phytes  Membranipora membranacea, Obelia genicu
lata, and  Electra pilosa on  Laminaria saccharina (n  = 
685), Agarum cribrosum (n  = 176) and  Chondrus 
crispus (n  = 1,790).

The relative abundance of M embranipora m em bra
nacea varies among sites and between seasons (Fig. 5). 
At both locations, M. m embranacea  was more common 
at exposed sites than at protected sites. At Cape Ned
dick, M. m embranacea  showed greater abundance in 
the fall than in the spring, while the pattern was re
versed at the Isles of Shoals.

The competitive ability of M embranipora m em bra
nacea compared to Electra p ilosa  and Obelia genicu
lata  was found to be high (Fig. 6). Encounters between 
two M. membranacea  colonies rarely resulted in over-

100-1

8 0 “

£  6 0 -  o U

4 0 -

2 0 -

□  Laminaria saccharina 
H Agarum cribrosum

1-100 101- 1,000 1,001- 10,000 10,000+

Colony Size (mm2 )

Figure 4. Size distribution o f  Membranipora mem
branacea colonies on  Laminaria saccharina (n  = 365) 
and  Agarum cribrosum (n  = 169) collected a t Cape 
Neddick, York, Maine.

□  Fall, 1988 

Spring, 1989

Exposed Protected Exposed Protected

Cape Neddick Isles of Shoals

Figure 5. Percent occurrence o f  Membranipora mem
branacea on  Laminaria spp. blades collected a t the 
exposed and  protected sites a t Cape Neddick, York, 
Maine, and  a t the Isles o f  Shoals, Maine.

growth. In contrast, M. m embranacea  overgrew E. p i 
losa and O. geniculata  in the majority of all encounters 
w ith these organisms (67% and 97%, respectively).

Discussion

During the last twenty years, three sessile invertebrates 
have become conspicuous members of benthic and foul
ing communities in the southern Gulf of Maine. The 
solitary tunicate Styela clava was first found at Beverly,

N=2023 N=45 N=120
100

títíootíW
3

tí<DOVh<DPU

80

60

40 -

20 -

0

□ Win
□ Standoff

■ Lose

Membranipora Electra Obelia

Figure 6. Percent o f  total encounters between Mem
branipora membranacea and  other kelp epiphyte spe
cies that resulted in overgrowth by Membranipora 
(W in), overgrowth by the other epiphyte (Lose), or 
no overgrowth (Standoff).
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Massachusetts in 1970. This record predates Carlton 
(1989) by three years. Populations of S. clava slowly 
increased in fouling communities at Beverly, Massachu
setts and Portsmouth, New Hampshire, to present abun
dances. Botrylloides diegensis arrived in the Great Bay 
Estuary in 1981, and by 1985 it had become one of the 
dominant encrusting species in fouling communities. B. 
diegensis then decreased slowly in abundance; it is now 
a common early colonizer of hard substrates and occu
pier of secondary substrates in established communities. 
Colonies of M em branipora membranacea  were first 
observed at the Isles of Shoals in 1987. In three years M  
m embranacea  has become the dominant kelp epiphyte 
off the coast of New Hampshire and southern Maine. It 
appears to be spreading both north (L. Kintzing & S. 
Craig, personal communication) and south (J. Witman 
& J. Winston, personal communication).

Two views exist regarding competitive mechanisms 
used by nonindigenous species for successful invasion. 
One view considers the success of invaders to arise from 
the competitive dominance of the invader over ecolog- 
ically-similar native species. This invasion mechanism 
produces dramatic effects on the native community (El
ton 1958). The other view considers the success of in
troduced species to arise from low faunal diversity in 
the invaded community, w here the invader can enter 
and find unused or underused resources. Species invad
ing these habitats are added to the community without 
necessarily altering it (Birch 1979; Carlton 1979; Ber
man & Carlton 1991).

We find evidence for both of the above mechanisms 
among the three species studied. South of New Hamp
shire, Styela clava  represents the competitive domi
nance view (Carlton 1989). In more northern locations, 
however, populations of S. clava have not reached the 
same high densities. Perhaps physical conditions within 
the Great Bay Estuary inhibit successful establishment of 
S. clava  The long-term effects of S. clava  on northern 
fouling communities are unknown. If it remains rare, its 
impact is expected to be minimal; S. clava  will be one of 
the many short-lived species that coexist in fouling com
munities. However, if the northern populations increase 
as they did in Beverly, Massachusetts and further south, 
we predict that S. clava  will competitively exclude 
M ytilus edulis and M etridium  senile  from many sub- 
tidal surfaces.

When Botrylloides diegensis arrived it filled the role 
of competitive dominant (Lambert 1985); in 1984 it 
overgrew both encrusting and erect ectoproct, Obelia 
spp., Tubularia  spp., Sem ibalanus balanoides; and B o
tryllus schlosseri By 1985, the pattern changed; while it 
remained a competitive dominant, cover by B. diegensis 
decreased by 50%. B. diegensis is now persisting by 
colonizing primary space in early successional commu
nities (J. Berman & L. Harris, unpublished data) and 
secondary space in established communities (herein).

Two distinct possibilities exist w ith respect to the long
term effects of B. diegensis on benthic and fouling com 
munities in the Great Bay Estuary. B. diegensis could 
repeat the cycle of abundance it dem onstrated during 
the 1980s or maintain its current role within the com 
munity.

Although M embranipora membranacea  overgrows 
all other kelp epiphytes, the habitat it invaded was 
largely unused by native species. This pattern contrasts 
w ith the mechanisms used by Styela clava  and B o
trylloides diegensis because it did not involve com pet
itive dominance over native species. Even though the 
importance of competition w ith native species may be 
minimal, recent research indicates that M. m em brana
cea has had a dramatic impact on the kelp habitat at 
Cape Neddick, Maine (Lambert et al., in review). Kelps 
encrusted with M. membranacea  are apparently more 
susceptible to fracturing during storm surge. The long- 
range effects of the invasion by M. membranacea  will 
likely depend upon the distribution and severity of dam
age to kelp bed habitats and to the reactions of native 
species to changes in habitat structure.

These three comparable species entered similar hab
itats, yet the mechanism of their invasions differed. Fur
ther, the means used to enter a community w ere not 
necessarily those used to persist. Styela clava  achieved 
competitive dominance in habitats w here it is abundant. 
Botrylloides diegensis entered the system as a com pet
itive dominant; it has persisted in a manner similar to 
Botryllus schlosseri\ as an occupant of primary space in 
early successional communities and secondary space in 
established fouling communities. M embranipora m em 
branacea entered an underused habitat and apparently 
has had a severe impact on kelp beds. Therefore, eco
logical similarity among species may not be an accurate 
criterion to predict either the mechanism of a species’ 
invasion or the means of its persistence.

Acknowledgments

We thank Fred Short and Cate Hurlbut for information 
on the arrival of Botrylloides diegensis in Great Bay, 
New Hampshire. Liz Kintzing, Sean Craig, Jon Witman, 
and Judith Winston shared their observations on the 
distribution of M embranipora membranacea  on the At
lantic coast of North America. Kelly Gestring assisted in 
the collection of samples. James Taylor assisted in the 
data analysis. A number of staff members at the Ameri
can Museum of Natural History w ere instrumental in the 
completion of this project. Judith Winston (Associate 
Curator, Department of Invertebrates) identified speci
mens of M embranipora m em branacea  Sheila Green
berg (Manager of Membership Services) and members 
of the Library Staff assisted J. Berman in tracking down 
and copying many references on ectoproct taxonomy

Conservation Biology
Volume 6, No. 3, September 1992



Berman et al. Gulf of Maine Invaders 441

and distribution. Adam Marsh, Phil Levin, and Marian 
Litvaitis provided constructive comments on the manu
script in its early stages. In addition, helpful reviews 
were received by Les Kaufman and James Carlton. Fi
nancial support for this project was provided by grants 
from Central University Research Funds (University of 
New Hampshire) to J. Berman and from the Undergrad
uate Research O pportunities Program (University of 
New Hampshire) to M. Buttrick.

Literature Cited

Allmon, R., and K  Sebens. 1988. Feeding biology and ecolog
ical impact of an introduced nudibranch, Tritonia plebeia, 
New England, U.S.A. Marine Biology 99:375-385.

Berman, J., and J. Carlton. 1991. Marine invasion processes: 
interactions between native and introduced salt marsh snails. 
Jo u rn a l o f E xperim en ta l M arine B iology and Ecology 
150:267- 281 .

Birch, L. 1979. The effects of species of animals which share 
common resources on one anothers’ distribution and abun
dance. Fortschritte der Zoologie 25:197-221.

Brenchley, G., and J. Carlton. 1983. Competitive displacement 
of native mud snails by introduced periwinkles in the New 
England intertidal zone. Biological Bulletin 165:543—558.

Carlton, J. 1979. History, biogeography and ecology of intro
duced marine and estuarine invertebrates of the Pacific Coast 
of North America. University of California, Davis, California. 
Ph.D. Dissertation.

Carlton, J. 1989. Man’s role in changing the face of the ocean: 
biological invasions and implications for conservation of near
shore environments. Conservation Biology 4:265—273.

Carlton, J., and J. Scanlon. 1985. Progression and dispersal of 
an introduced alga: Codium  fragile  spp. tomentosoides (Chlo
rophyta) on the Atlantic Coast of North America. Botanica 
Marina 28:155-165.

Clarke, B., J. Murray, and M. Johnson. 1984. The extinction of 
endemic species by a program of biological control. Pacific 
Science 38:97-104.

Dudley, J. 1973. A note on the taxonomy of three membra- 
niporine ectoprocts from Chesapeake Bay. Chesapeake Sci
ence 14:282-285.

Eggleston, D. 1972. Patterns of reproduction in the marine 
ectoprocta of the Isle of Man. Journal of Natural History 6:31— 
38.

Elton, C. 1958. The ecology of invasions by animals and plants. 
Methuen, London, England.

Harris, L., and K. Irons. 1982. Substrate angle and predation as 
determinants of fouling community succession. Pages 131— 
174 in J. Cairns, editor. Artificial substrates. Ann Arbor Science 
Publishers, Ann Arbor, Michigan.

Herbold, B., and P. Moyle. 1986. Introduced species and va
cant niches. American Naturalist 128:751-760.

Lambert, W. 1985. The influence of predators on early colo
nists in a fouling community. University of New Hampshire, 
Durham, New Hampshire. Master’s Thesis.

Lambert, W. 1990. Population ecology and feeding biology of 
nudibranchs in colonies of the hydroid Obelia genicu la ta  
University of New Hampshire, Durham, New Hampshire. Ph.D. 
Dissertation.

Lambert, W., P. Levin, and J. Berman. Effects of an introduced 
epiphytic bryozoan: indirect evidence of kelp bed alteration. 
Journal of Experimental Marine Biology and Ecology. In re 
view.

Morgan, M., S. Threkeld, and C. Goldman. 1978. Impact of the 
introduction of kokanee ( Oncorhynchus nerka ) and opossum 
shrimp (Mysis relicta) on a subalpine lake. Journal of the Fish
eries Research Board of Canada 35:1752—1759.

Osburn, R. 1944. A survey of the bryozoa of the Chesapeake 
Bay. Maryland Department of Research and Educational Pub
lications 63:1—59.

Osburn, R. 1953. Bryozoa of the Pacific coast of North Amer
ica, Part 1, Cheilostomata-Anasca. Allan Hancock Pacific Expe
ditions, First Series, University of Southern California, Los An
geles 14:1-269.

Race, M. 1982. Competitive displacement and predation be
tween native and introduced mud snails. Oecologia 54:337— 
347.

Roughgarden, J. 1986. Predicting invasions and rates of spread. 
Pages 179-190 in H. Mooney and J. Drake, editors. The ecol
ogy of biological invasions of North America and Hawaii. 
Springer-Verlag, New York.

Ryland, J. 1970. Bryozoans. Hutchinson University Library, 
London, England.

Seed, R., M. Elliott, P. Boaden, and R. O’Connor. 1981. The 
composition and seasonal changes amongst epifauna associ
ated with Fucus serratus L. in Strangford Lough, N orthern 
Ireland. Cahiers Biologie Marine 22:243-266.

Simberloff, D. 1981. Community effects of introduced species. 
Pages 53—81 in T. Nitecki, editor. Biotic crises in ecological 
and evolutionary time. Academic Press, New York.

Walters, L., and D. Wethey. 1986. Surface topography influ
ences competitive hierarchies on marine hard substrata: a field 
experiment. Biological Bulletin 170:441-449.

Yoshioka, P. 1982a The role of planktonic and benthic factors 
in the population dynamics of the bryozoan M embranipora  
m em branacea  Ecology 63:457-468.

Yoshioka, P. 1982k Predator-induced polymorphism in the 
bryozoan M embranipora m em branacea  Journal of Experi
mental Marine Biology and Ecology 61:233-242.

Zar, J. 1984. Biostatistical analysis. Prentice-Hall, Englewood 
Cliffs, New Jersey.

Zaret, T., and R. Paine. 1973- Species introductions in a trop
ical lake. Science 182:449-455.

Conservation Biology
Volume 6, No. 3, September 1992


