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abstract.  Based  upon  recent  collections  at  28  sites  plus  historical  data
from  the  last  century,  the  macroalgal  flora  of  Mount  Desert  Island  consists
of  41  Chlorophyceae,  50  Phaeophyceae,  and  55  Rhodophyceae.  Previously,
121  seaweeds  were  recorded  from  Mount  Desert  Island  and  113  taxa  were
found  during  present  sampling.  A  comparison  of  the  two  time  periods  shows
88  taxa  in  common  or  a  75%  similarity.  Varying  percent  similarity  patterns
are  evident  when  historical  and  present  collections  at  Otter  Cliffs  (68%),  Seal
Harbor  (43%),  and  the  Seawall-Southwest  Harbor  areas  (54%)  are  compared.
The  reduced  values  for  Seal  Harbor  may  reflect  anthropogenic  effects,  while
the  other  values  may  represent  varying  levels  of  taxonomic  characterization
and/or  temporal  variability  of  floras.  Pronounced  habitat  diversity  on  Mount
Desert  Island  probably  causes  the  relatively  low  intra-island  similarity  pat-
terns  (x  =  36.8  ±  7.6%),  while  interisland  comparisons  of  other  Northwest
Atlantic  islands  are  much  higher  (ca.  51.0-92.0%,  x  =  72.3%  ±  6.0%).  In
comparing  species  richness  around  Mount  Desert  Island,  the  largest  numbers
of  taxa  occur  on  the  exposed  coasts  at  Otter  Cliffs  and  Seawall  that  experience
intense  wave  activity,  while  the  lowest  numbers  occur  at  several  sheltered
sites.

Zonation  patterns  at  three  representative  sites  (exposed  Otter  Cliffs,  pro-
tected  Otter  Cove,  and  sheltered  Thompson  Island)  show  pronounced  local-
ized  differences.  The  biological  zones  at  Otter  Cliffs  exceed  mean  tidal  am-
plitude,  and  patterns  of  species  richness  there  are  also  higher  than  at  the  other
two  Mount  Desert  sites.  Green  algae  show  the  most  conspicuous  decrease  in
species  richness  with  increasing  shelter.  Of  the  32  intertidal  species  in  com-
mon  with  a  1928  zonation  study  at  Otter  Cliffs,  13  showed  a  conspicuous

limits
an

general  warming  trend  in  the  Gulf  of  Maine  or  the  effects  of  air  pollution
during  intertidal  exposure.

Key  Words:  seaweeds,  history,  ecology,  Mount  Desert  Island,  Maine,  Gulf
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Mount  Desert  Island,  which  is  the  largest  insular  habitat  (Fig-
ure  1,  2)  on  Maine's  extensive  and  indented  coastline  (Piatt  1996;
Simpson  1987),  has  a  long  and  unique  phycological  history.  Rand
and  Redfield  (1894)  produced  an  initial  catalogue  of  its  plants
(phanerogamic  and  cryptogamic),  as  well  as  a  synopsis  of  the
island's  ecology,  geology,  and  postglacial  history  based  upon
studies  initiated  during  the  early  1880s.  Two  noted  phycologists,
Frank  Shipley  Collins  and  Isaac  Holden,  studied  the  algae,  re-
cording  approximately  100  taxa  from  the  exposed,  eastern  shore-
line  and  nearby  Cranberry  Isles  (Collins  1894).  Several  other  new
taxa  were  recorded  in  Phycotheca  Boreali-  Americana,  the  largest
exsiccata  of  seaweeds  ever  published  (cf.  Setchell  1925;  Taylor
1957).  Taylor  (1921)  listed  a  few  additional  seaweeds  based  upon
summer  collections  during  1915  and  1920.  Johnson  and  Skutch
(1928a,  b,  c)  described  the  species  composition,  zonation,  and
ecology  of  intertidal  algae  at  Otter  Cliffs,  an  exposed  promontory
on  the  eastern  side  of  the  island  (site  1  1  ;  Figure  2,  3  A).  It  is  still
one  of  the  most  significant  studies  of  its  kind  for  any  part  of  the  s
Maine  coastline  (Mathieson  et  al.  1991).

In  the  present  study,  the  floristic  composition  and  zonation  of
seaweeds  from  Mount  Desert  Island,  Maine,  are  described  utiliz-
ing  recent  and  historical  collections  from  the  last  century  plus
detailed  zonation  comparisons  at  Otter  Cliffs  (Johnson  and  Skutch
1928a,  b,  c).  The  seaweed  zonation  is  also  compared  with  recent
studies  at  Bald  Head  Cliff,  York,  Maine  (Femino  and  Mathieson
1980),  and  Jaffrey  Point,  Newcastle,  New  Hampshire  (Mathieson
et  al.  1981).  As  noted  by  Barry  et  al.  (1995),  the  diverse  impacts
of  man  on  coastal  resources  are  often  difficult  (impossible)  to
assess  because  few  detailed  "baselines"  exist  for  comparisons.
With  Mount  Desert's  long  phycological  history  and  the  fact  that
it  now  contains  one  of  the  most  popular  national  parks  in  the
United  States  (Acadia),  such  comparisons  can  be  used  to  assess
shifts  in  the  macroalgal  communities  in  the  future.  The  specific
objectives  of  our  field  studies  are  fourfold:  (1)  to  assess  the  num-
ber  and  types  of  seaweeds  at  diverse  sites  around  the  island;  (2)
to  compare  present  and  previously  documented  patterns  of  species
richness  and  composition  at  three  sites;  (3)  to  compare  present
patterns  of  zonation  among  three  Mount  Desert  sites,  as  well  as
two  others  in  southern  Maine  and  New  Hampshire  with  variable
wave  exposure;  and  (4)  to  compare  present  and  previous  patterns
of  seaweed  zonation  at  Otter  Cliffs,  Bar  Harbor.
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Figure  2.  Mount  Desert  Island  showing  the  location  of  28  recent  collect-
ing sites.

'.

MATERIALS  AND  METHODS

Floristic  studies.  In  assessing  present  floristic  patterns  on
Mount  Desert  Island,  extensive  year-round  collections  and  obser-
vations  of  intertidal  and  shallow  subtidal  seaweeds  were  made  at

28  locations  (Figure  2;  Table  1;  Appendix).  The  sites  were  estab-
lished  clockwise  around  the  island,  starting  at  Thompson  Island
on  Mount  Desert  Narrows  (site  #H  and  ending  at  Indian  Point

Western

Thomp
ations  were  important  in  establishing  these  study  sites:  (1)  acces

1
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B

Figure  3.  Three  Mount  Desert  habitats  where  zonation  studies  were  con-
ducted  during  1996.  (A)  Otter  Cliffs:  an  exposed  site  showing  Johnson  and
Skutch's  (1928a)  bench  mark  (arrow)  plus  a  large  tide  pool.  (B)  Otter  Cove:
a  sheltered  site  with  a  dense  growth  of  fucoid  algae.  CJD  is  holding  a  stadia
rod  near  the  extreme  lower  intertidal  region.  (C)  Thompson  Island:  a  pro-
tected  habitat  with  scattered  boulders,  abundant  Ascophyllum  nodosum,  a

standing)
etation.
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ĝ

3

GO3 -^•- O
G0^ C
•S3  1
a  q  u
^  §

x

to

i

3.-3
|
IS

3 fc>
O X53 GO

£22
s  s  s

-r.

Cj Q Uo

=c a5
3  3  3

u  5  5
to to^5 ^

3
5^ & S--S

-S -5 -S "^
Q .3 ^3 ^j

U  U  U  U  U  U  :

g



1998]  Mathieson  et  al.  —  Mount  Desert  Island  Seaweeds 339

-a
§

g

-J

£

CO o
u c

% g

c C

H

c

U

X

00

2#

irt

V
>

C

c

3

<

2

J

c

x
c

£ £

^  C  -  (S  ri  ^^  SJ  —  .  r  .  ^°  I  .  —  O  r*>  e
m i/~) — C4 — s-

\n v~i *n t*~

-C 7T

c
09

Z

&9
k

—

*c

k

<  s

-
3

-1 2
6*2

3 "~

a

si

5

^ 3

g S

s  5
ill

k

s  a  s  q

3 U}

s

S! C CLq kj U;

&9

10

3ri
C3
E
V

£
z

CD

£

00ri

ri
oc

2 1

vO

rJ

£
S

<N
^
3

00

ocn

r- <^,

1> _

J  3h

3 fc ■x.

2:
^.

o  5̂5

^

s> #

ri r- ^
(N irj "**

n f*".

X

z

zc
>

CD I

1

<  a

e

rj
•n ocr4 ri

^  r  :  *
so t a^— ri  ri
^t O <N— • ri rs
<n r-

C  sC  c

00 ^ vO ^
yj  ri  irj

n

— r4
^ r< n

rJ v".r ̂—

-  «r,  in  r.
r3  *  »  r

>u

x  c

= u

y;

X c J^

U -  z

u
3"X3

•  3  w  .=8  3  =  w  ^  c  _

^  S  >:-S Q
Si

? ^ H
^  >  c

5

* ^.^  -^  %)  k.  5  Q
C 5
a  •-•  '-^  £  ^  ^-^•^~^
^ ^2

^  ^  5^  -  -
y  .5  a

^
c  "  ~  -^  ^  ^

& h
■li -L. ;  ̂^-  ^

^̂ 0. k, ^  ^ ^Z  ̂*■— '



340 Rhodora [Vol.  100

-3

cc

o

C/5

sc
8*

£

09
o

o
U
■a

c
a.
X

#
<n

<N Tf

sO

# CO
CI

o r^

l/"i
ooI

«n

3

*

8
x

1j

is

2  2

o>

.  I  m
I

o

>c

I/-,

-

c

3

en

ri

<~1
00 00*

ox,
>

■r.qa:
3

E

C/5 Urn
$*

C(J
a:

oo w 5
•a
3

i

■8

I
£

5 5
■8  ||

^  ^  5>

<

a  ...  -i

t
<

-J
<

-

2d

<
o  c

CD

en

C- (N

ri -t

CN (N
»n O
rr

r-

ri
ri

5

2
^

riri

f i r j

2 —

e
ft

oc
I

O

00
*t

00 ^
2-

X
«n in in

y

X
w mJ  J

s

5

3

ri
oo

(N
OS

<C

2 *
o g

cd

^  °5 &
'.

*

# $

#

ri ri

• © O

t

t —

.> "* " -

-  X  sC  w

-  j

nr i

r i

r\
C3

rir i
r— «

r i r\
-

r J
»o «

w-, ir,

•o  ri  r^  r^  —  •

—  r-  »n  in  r*  ^  in

c

ac
i  I

1
Oij
<

u

S

p
3
o
£

°
>

> o

w>

=
r  i

I

g33

51. o

> S

3

fz  o

S3

-

5
3

5
3
^5

c

3
X

3
5

i

3
8
5

05 9 Ĉ
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ĉ

to

2
^5  2

3

3 3

<U

—a
to33
oo3
2

3

3

§5^5



342 Rhodora [Vol.  100

V3CO o>

O 3
U H
| O
I*

"3
3C

Co

c
U

'o

-g

NO

oo
7

#
^tm

#

oo

SO

O

00

in

oo'
00

I
o

NO

m

^o
00C4

# IT) <N
•n

O- »n

sO
l  -en m

00 C

O
 ̂«* ^

M oc

en (N

vC

m

N
C

"J

X
«/"}

e #■
< ̂< ̂»s>(N <n X

»/■> v> m *n cn n

-oc3

s
w
O 5

3

3

|g

u
C Si

3

u

_2
>

SO
§  J

V

fej

a;

i

-3
S3

U  3

u  ^ Urn

"3u

<

003oc  c

3 .2
* 5

Q -3
■a

S -r-
2 3

j- ,e •»

2 Q  ̂-55 -J5

ft, ^ 0, (X,
5!

3 S
Si 5

ft, :

<

QC

#

oo

g^

-T 00

o *
^t

* r-o en nc ©

X

rf XT)
- & V~) r-  o

S3
<

V"3
£

u
q>

Ih
eCO
pg
OJ

S

t: "a

■8

C
£

U

"2 "5 *c
^r, >mJ **-

WJ

<  ^
co

"33

5£3  .

2

■f  *^
û
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ĉ

g

^̂
^̂

2

ri

'^*

<N

oc

r4
ri

00

rO

oc *t

3
a:

^.

2°

z  z
z5

2

>  C  :
r wC55

r^,

«r.

y.C

■a
oo _,<  c

a  s

sj :

5 s

uj u.



344 Rhodora [Vol.  100

"8

Co

i

a

so

C/3c

o
U

o

mCN
CNCN
O<N

m

en ^

^ ^
o  o

en

• CN^  ,  en
* t ̂CN<N <N .CNCN

CM(N

CNX
•n CM <N

CO
x

ii
01) o
<  c

s

o E CJ
Hi
s

c
5 C3

g

5

<0

3 2

2

g

3

s 5

£ ^3
$£

CNCN
cO

ccO
|

■Si

*

in
enCN

on >n(N cm
en enCN CN
CN CN(N CM

^ £
CN
r-

in Tt

cn en

CNm CN
£

o

r- oo *£
SO SO r o CN CNCN CN

«n

cn Q
cn cnCN (N
00 CN-* CN

SO

enCN
* CN<N CN

CN en in

£
r- o cn

SOr O O
oo oc

oo cn un so

X
CNCM
cO

m CNCN

X
CN

* coCN —(N CN
r rco in

► COin Tt

X

X

in in

CNCN
»n m'

CN
»n m

(N
- co•n r^

CN
n as'

•n ~*

. c0•n r^

sO in<N

o

H 73

-
< <

c

o

CO

'C

OJOc
G

OS

O T3

Z  a

OX)

CO

C

CO

m •=

CA.

ao N

5̂ CO
53 «

Q0 ^

■2 ^5 5 a
a 9

2
§
a
5
^

1

E
a

04
O

a S3
04
<

■-
5.

CQ
sHi

2

g

^ i
o  5

5

^3

^
^ fi a.

5

3

^3

CD
13
S3
Q

OJO

c
o

3

vi

N
-J

-2 |

a

o

^3
§s: 5

OXJ

s

-Si

2

QJ

3  S

0-«
^35 §• ^3 Q

£> &' ^-5: -5t -5:a, a, a.

3
5, 5

oC/5

I

3
C3

>
!3

PC

a

o

X

^

<u

a

OQ 1 *

a,
to

^JQ

S -2

2

to

S

&.
>̂,

C  ^  Q  O  O  Ca-  a,  a,  a,  o,  a.



1998]  Mathieson  et  al.  —  Mount  Desert  Island  Seaweeds 345

o

cO id'£ o

HCL-

CO

o
C/J

00

en

(N

rt

(N

<N

# (N
Tf-

. (NO <N

00
Tf \Q &

o

oo ^

WO —

<N
I

O

in o

iri m

(75
X
<u

-S3
a  o

0)

=
<

5

toto to
s.8

<D

1)ua
to

i
0X)
<
U

""2 £
w) a

< Ofj
U

U

o

^
t^

<N

m

cS

. o

. U
s

OD

13

'I?
C

£
C/3 J

c3>

J

oo..

to .sN
3

5

toOD *>
C "^3s  .s

U >
g

■U
OLi

&5

2  2  2  2  5  2
>, ?\ >> ^ £> £■
b-b-  &  e-  e-  &
°  -?  p  ^  o  ^  .?a,  a,  a,  Q.  a,  ^

2

a, cc

u  s
OD

c

E

U

00 St .o
^3 S ^  2>i

h.

mm

m

(N



346  Rhodora  [Vol.  100

sibility  of  shorelines  by  foot;  (2)  habitat  representation  and  di-
versity;  (3)  coverage  of  the  entire  island;  and  (4)  previous  his-
torical  collections.  With  the  exception  of  a  few  localized  summer
collections  made  during  the  mid-1960s,  the  recent  collections
were  made  between  1993  and  1996  (Appendix).  We  made  com-
prehensive  seasonal  collections  of  all  conspicuous  seaweeds  at
most  sites  in  order  to  enumerate  spatial  and  temporal  patterns
(Druehl  1981).  Seaweeds  were  either  pressed  immediately  or
transferred  within  24-36  hours  to  the  University  of  New  Hamp-
shire  where  they  were  processed  and  identified.  Several  references
were  utilized  for  identification  (Adey  and  Adey  1973;  Bird  and
McLachlan  1992;  Blair  1983;  Bliding  1963,  1968;  Burrows  1991;
Dixon  and  Irvine  1977;  Diiwel  and  Wegeberg  1996;  Farlow  1881;
Fletcher  1987;  Hoek  1963,  1982;  Irvine  1983;  Irvine  and  Cham-
berlain  1994;  Kingsbury  1969;  Maggs  and  Hommersand  1993;
Schneider  and  Searles  1991;  Sears  1998;  Taylor  1957;  Villalard-
Bohnsack  1995;  Webber  and  Wilce  1971;  Woelkerling  1973;
Wynne  and  Heine  1992).  The  nomenclature  primarily  follows
South  and  Tittley  (1986),  except  for  several  recent  papers  noted
above.  Collections  were  documented  by  depositing  approximately
1200  voucher  specimens  in  the  Albion  R.  Hodgdon  Herbarium
at  the  University  of  New  Hampshire  (nha).

Collections  from  the  last  century  were  also  evaluated  (>300
specimens),  including  those  of  Frank  Shipley  Collins  and  Isaac
Holden  (cf.  Appendix).  Many  of  these  are  deposited  in  the  Farlow
Herbarium  (fh)  of  Harvard  University,  the  Daniel  C.  Eaton  Her-
barium  of  the  Peabody  Museum  at  Yale  University  (yu),  and  the
New  York  Botanical  Garden  (ny)  and  Brooklyn  Botanic  Garden
(bkl).  Specimens  contained  within  Phycotheca  Boreali-Ameri-

cana  are  also  particularly  important  in  making  historical  com-
parisons  of  Mount  Desert's  marine  algal  flora  (Setchell  1925;  Tay-
lor  1957).

Two  floristic  assessments  of  Mount  Desert  seaweeds  are  made.

First,  the  number  and  percentage  of  taxa  in  common  to  each  of
the  28  present  study  sites  (Figures  4-7)  are  given,  with  the  latter
values  (C)  determined  by  using  Czekanowski's  coefficient  (Bray
and  Curtis  1957;  Mathieson  et  al.  1996).  Second,  a  comparison
of  historical  and  present  records  of  taxa  at  three  sites  (Otter  Cliffs,

Seal  Harbor,  and  the  Seawall-Southwest  Harbor  area)  is  given,  as
well  as  for  Mount  Desert  Island  as  a  whole  (Figure  2,  8).
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pressed  as  the  percentage  of  shared  taxa  with  each  of  the  other  27  study  sites.
x  =  mean  of  all  sites.

Zonation  studies.  The  vertical  distribution  of  seaweeds  and

selected  invertebrates  at  Otter  Cliffs,  Otter  Cove,  and  Thompson
Island  (Figure  2,  3;  Table  2)  was  documented  during  the  summer
and  fall  of  1996,  74  years  after  the  initiation  of  Johnson  and
Skutch's  (1928a,  b,  c)  classical  studies  at  Otter  Cliffs  (Figure  3A).
Before  beginning  our  zonation  studies,  their  original  benchmark,
which  was  established  in  1923,  was  re-located;  it  is  embedded
within  an  exposed  outer  rock  at  +5.7  m  above  MLW  (Fieure  3A,
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arrow
aking

measurements
tide  of  that  day.  A  line  level  and  stadia  rod  were  used  to  make

measurements
mark  or  from  secondary  reference  points.  Accuracy  of  the  present

i  .•  .  i  •  ±i~*nt-~A  «•/-»  Via  ■+■  ^  f\  rm  T  Tnnpr  nnHmeasurements 5.0  cm.  Upper  and

limits
those  for  selected  invertebrates  (e.g.,  Semibalanus  balanoides).
Some  seaweeds  were  collected  for  critical  identifications  in  the

laboratory.  Similar  field  procedures  were  used  to  characterize  the
biological  zones  at  two  other  Mount  Desert  sites  (Otter  Cove  and
Thompson  Island;  Figure  3B,  C),  while  published  records  from

southern  Maine

semi
Mathieson  1980;  Mathieson

al.  1981).
Otter  Cliffs  (44°  18.58'  N,  68 W)

three  Mount  Desert  zonation  sites,  is  located  on  the  eastern
v  50  km  from  the  Bay  of  Fundy.
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Its  granitic  outcrops,  which  are  the  highest  ocean  cliffs  on  the
U.  S.  Atlantic  coast  (Butcher  1987),  jut  directly  south  into  the
North  Atlantic,  exposing  it  to  extreme  northeastern  storms  and
waves  that  reach  or  exceed  6  m  (Figure  3  A).  Two  distinct  habitats
are  evident:  a  highly  exposed  cluster  of  outer  rocks  that  is  ac-
cessible  only  at  extremely  low  tides  and  a  nearby  semi-exposed
vertical  cliff.  Johnson  and  Skutch  (1928a,  b,  c)  presented  com-
posite  data  for  the  site.  Otter  Cliffs  and  Otter  Cove  (Figure  3B)
have  an  identical  tidal  amplitude  (4.6  m).  Otter  Cove  (44°  18.79'
N,  68°  11.89'  W)  is  a  moderately  protected  open  coastal  habitat
about  0.5  km  west  of  Otter  Cliffs,  on  the  opposite  side  of  Otter
Point  (Figure  2).  Its  granitic  outcrops  have  a  more  horizontal
contour  than  those  at  Otter  Cliffs.  Thompson  Island  (44°  25.58'
N,  68°  22.07'  W),  located  20  km  northwest  of  Otter  Cliffs,  is  a

protected  two-hectare  island  within  Mount  Desert  Narrows  (Fig-
ure  2).  It  has  a  greater  tidal  amplitude  than  the  other  two  sites
(approximately  5  m);  its  substratum  consists  of  pebbles,  sand,  and
mud  scattered  amongst  a  few  granitic  outcrops.  There  is  also  a
restricted  fringing  marsh  (Figure  3c).

HABITAT  DESCRIPTION  AND  HISTORY

Mount

Bay  (Figure  1),  is  the  third  largest  insular  environment  on  the
East  Coast  of  the  United  States  and  the  largest  in  Maine  (Piatt
1996;  Simpson  1987).  It  covers  approximately  173  km  2  (ca.
26,058  ha),  has  a  perimeter  of  about  64,390  km,  and  maximum
length  and  width  of  24  and  19  km,  respectively.  The  Cranberry
Isles,  plus  Swans  and  Long  Islands,  all  lie  to  the  south  and  south-
west  of  Mount  Desert  (Figure  1,  2).  Biologically,  Mount  Desert
is  situated  near  the  boundary  of  the  Boreal  (Canadian)  and  Aus-
tral  regions  and  contains  a  mixture  of  northern  and  southern  spe-
cies  (Anonymous  1991,  1992;  Butcher  1987;  Moore  1921;  Proc-

tor  1927,  1938,  1946;  Rand  and  Redfield  1894;  Simpson  1987).
The  island's  coastline  is  composed  primarily  of  granitic  rock,

many

The
quartz

semi-exposed  open  coastal  sites,  to  hectares  (
;,  extensive  mudflats,  and  salt  marshes.  The

shore  between  Schooner  Head  and  East  Point  (including  Otter
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Cliffs),  plus  the  area  from  Seawall  to  Bass  Harbor  Head,  is  most
exposed  to  the  open  Atlantic  (Figure  2;  Appendix).  Protected
open  coastal  habitats  are  interspersed  among  the  exposed  ones,
particularly  within  the  embayed  waters  behind  the  Cranberry
Isles,  Somes  Sound,  Seal  Harbor,  Northeast  Harbor,  Southwest
Harbor,  and  Manset  Harbor  (Proctor  1927;  Rand  and  Redfield
1894).

and

rm
km)

narrow
carved  trough  that  extends  north  to  south,  roughly  parallel  to  the
Pleistocene  ice  advance  in  this  area  (Butcher  1987;  Johnson
1925).  Because  of  its  pronounced  topographic  coastal  relief,
which  may  reach  250  m  above  sea  level,  it  has  been  referred  to
as  the  only  fjord  on  the  east  coast  of  the  United  States  (Chapman
1970;  Condon  1994;  Johnson  1925,  1987);  however,  its  low  fresh-

water  input  and  lack  of  stratification  are  typical  of  other  shallow
Maine  estuaries  (McAlice  1977;  Pettigrew  et  al.  1997).  Summer
surface  water  temperatures  and  salinities  in  Somes  Sound,  which
are  typical  for  the  island  as  a  whole,  vary  from  13.0-14.5°C  and

tern

are
(Ketchum  and  Cass  1986).

A  shallow  strait  in  the  northwest  part  of  the  island,  Mount
Desert  Narrows,  connects  the  nearby  Eastern  and  Western  Bays
that  in  turn  merge  with  Blue  Hill  and  Frenchman  Bays  (Figure
2).  Two  bridges  connect  Thompson  Island  to  the  mainland  on  the
north  and  Mount  Desert  to  the  south.  The  open  waters  of  French-

man  Bay  on  the  eastern  side  of  the  island  contain  many  small
islands,  which,  along  with  Mount  Desert,  enclose  a  large  body  of
water  between  them  and  the  mainland  to  the  north  (Proctor  1927).
Several  rivers  flow  into  Frenchman  Bay,  including  the  Jordan  and

Skillings.  Some  drain  the  adjacent  terrain,  while  others  are  tor-
tuous  channels  with  swift  currents  due  to  tides  with  vertical  rang-
es  of  4.0  to  5.0  m.  Frenchman  Bay  is  different  from  the  exposed

The
brooks

River.
Mount

and  tourists  (Morrison  1960,  1972;  Simpson  1987)
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Shell  heaps  testify  to  the  presence  of  native  American  encamp-
ments  dating  back  6,000  years  (Anonymous  1991,  1992;  Butcher
1987;  Condon  1994).  The  French  explorer  Samuel  de  Champlain
provided  the  first  positive  description  of  Mount  Desert  in  1604
and  correctly  identified  it  as  an  island  (Duncan  et  al.  1995;  Simp-
son  1987).  Champlain  was  so  impressed  with  the  bleak  and  barren
grandeur  of  the  glacially  scoured  mountains  (Belknap  et  al.  1986;
Butcher  1987;  Kjerfve  1989)  that  he  called  it  "Isles  des  Monts
Desert"  (Johnson  1987).  The  rise  of  Mount  Desert  as  a  resort
destination  occurred  in  the  late  1800s,  after  such  artists  as  Thom-

as  Cole  and  Frederick  Church  began  summering  in  Bar  Harbor
(Anonymous  1987,  1991,  1992;  Butcher  1987;  Simpson  1987;
Tree  and  Roundy  1995).  Naturalists,  including  John  James  Au-
dubon  and  Louis  Agassiz,  found  the  island  attractive  because  of
its  wide  diversity  of  organisms,  as  well  as  its  nearness  to  the
boundary  line  between  two  ornithological  and  botanical  zones
(Simpson  1987).

The

res  of  Mount  Desert  Island  (ca.  I
establishment  of  Sieur  de  Monts

Monument  in  1916  (Anonymous  1991,  1992).  The  name  was
changed  to  Lafayette  National  Park  in  1919  and  ultimately  to  Aca-

km

parts
c  Peninsula  to  the  north  (Figure  1).  Acadia  is  the  only

park  in  the  northeastern  United  States  and  is  visited  by
million  people  each  year  (>4.5  million  in  1990).  Overall,
ilarity  is  second  only  to  Yellowstone  National  Park  and

concern  that  anthropogenic  impacts  such  as  traffic  and
ating  air  quality  may  cause  irreparable  damage  within  the

(Anonymous

significance  of  historical  resour
ble  environmental  damaee.  The

marine
contribute
nd  Mount

RESULTS

Present-day  floristic  patterns.  A  total  of  1  1  3  seaweeds  is  re-
from



1998]  Mathieson  et  al.  —  Mount  Desert  Island  Seaweeds  361

Rhodophyceae
• • ruti

iophyceae)  is  conspicuously  evident.  The  pattern  of  species  rich-
ness  per  site  is  highly  variable  (Figure  4A),  presumably  due  to
pronounced  habitat  variability  (see  previous  and  next  sections).
The  highest  numbers  of  taxa  and  percentages  of  the  total  flora
are
and  Seawall  (60  and  53%);  the  lowest  numbers  are  recorded  at
several  sheltered  sites,  including  Hadley  Point  (7  and  6.2%)
Somesville  (6  and  5.3%),  Seal  Cove  (6  and  5.3%),  and  Bartlett
Narrows  (6  and  5.3%).  The  mean  number  of  taxa  per  site  is  rel-
atively  low  (24.5  ±  16.2):  green  algae  7.0  ±  5.0,  brown  algae
9.0  ±  4.9,  and  red  algae  8.1  ±  7.1.

As  shown  in  Figure  4B,  the  pattern  of  mean  number  of  shared
taxa  "mimics"  species  richness,  while  the  values  for  mean  per-
cent  similarity  exhibit  a  broader,  more  uniform  pattern  (Figure
4C).  The  overall  mean  richness  values  for  the  28  present  sites  are
relatively  low,  being  9.5  ±  5.1  taxa  and  36.8  ±  7.6%.  Seawall,
the  site  with  the  highest  number  of  taxa  (60),  has  the  highest
number  of  shared  taxa  (19.0  ±  14.4)  and  a  relatively  high  percent

similarity  pattern  of  42.0  ±  24.6%.  Otter  Cliffs,  the  next  most
diverse  site  (54  taxa),  has  a  lower  number  of  shared  taxa  (15.5

12.7)  and  percent  similarity  (39.0  ±  24.0%).  By  contrast,  the
nr  <ntf*«  with  thp  most  reduced  floras  exhibit  the  following  pat-

terns:  (1)  Bartlett  Narrows,  6  taxa,  4.6  ±  1.7  shared  taxa,  and
34.0  ±  18.2%  similarity;  (2)  Hadley  Point,  7  taxa,  3.0  ±  2.1
shared,  and  21.5  ±  20.3%  similarity;  (3)  Seal  Cove,  6  taxa,  3.5

1.2  shared,  and  28.6  ±  19.3%  similarity;  and  (4)  Somesville,
6  taxa,  2.2  ±  1.2  shared,  and  18.3  ±  17.6%  similarity.

A  further  comparison  of  floristic  similarities  at  Otter  Cliffs  (site
1  1),  Otter  Cove  (site  13),  Seawall  (site  22),  and  Thompson  Island
(site  1)  is  given  in  Figure  5.  The  values  are  expressed  as  per-
centage  of  shared  taxa  with  each  of  the  other  27  study  sites.  Three
of  these  sites  were  chosen  because  of  concurrent  zonation  studies

(see  below),  while  the  fourth  (Seawall)  had  the  most  diverse  flora
(Figure  4A).  Recalling  the  clockwise  orientation  of  the  sites  start-
ing  from  Thompson  Island  (Figure  2),  the  floristic  affinities  of
the  exDosed  site  at  Seawall  show  the  following  spatial  pattern:

similarities
similarities  (13-31%)  be-

maxi
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mum  affinities  with  Great  Head  (site  7,  71%),  Thunder  Hole  (site
10,  73%),  and  Otter  Point  (site  12,  77%);  and  (4)  lowest  overall
similarities  with  Somesville  (site  19,  10%).  By  contrast,  Otter
Cliffs  has  its  maximum  similarities  to  nearby  Schooner  Head  (site
6,  67%),  Thunder  Hole  (site  10,  63%),  and  Otter  Point  (site  12,
72%),  and  its  lowest  affinities  with  Somesville  (site  19,  11%)  and
those  sites  between  Thompson  Island  and  Hulls  Cove  (sites  1-4,
7-13%).  Otter  Cove's  affinities  are  analogous  to  Otter  Cliffs,  ex-
cept  for  its  greater  similarities  between  sites  1-4  (Thompson  Is-
land  to  Hulls  Cove,  14-27%)  and  sites  16-28  (Bracy  Cove  to
Indian  Point,  17-64%).  Thompson  Island  shows  a  very  skewed
pattern,  with  maximum  affinities  at  sites  20  (Somesville  at  Rt.
102,  48%),  25  (Seal  Cove,  53%),  and  28  (Indian  Point,  61%).

pattern
Mount

Desert  Island.  Twenty-three  species  (5  green,  8  brown,  and  10
restricted

34  others  (10  green,  9  brown,  and  15  red  algae)  occur  at  two  or
three  sites  (1.  1-10.7%  occurrence).  Only  three  taxa  occurred  at

nam>21  of  the  28  sites  (Figure  7;  Table

nodosum  (93%),  Fucus  vesiculosus  (86%),  and  Chondrus  crispus
{19%).  The  other  common  species  are  Scytosiphon  simplicissimus
(71%),  Urospora  penicilliformis  (64%),  Monostroma  erevillei

fi

Mastocarpus
leya  rutilans  (50%),  Fucus  spiralis  (50%),  Ralfsia  verrucosa
(50%),  and  Polysiphonia  lanosa  (50%).

comparisons.  As  shown  in  Figure  8A,

Rhodophyceae,  40  Phaeophvceae,  and
Mount

taxa

This
taxa

Rhodophy
common

in  Table  1  .  Eighty-eight  of  these  taxa  are  found  in  both  historical

Thus,  a  comparison  of  Mount
green

species  numbers  (121  vs.  113)  and
lilarity  (75.2%).  Similar  comparisons
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three  individual  sites  (Figure  8B-D)  show  the  following  patterns:
(1)  Otter  Cliffs,  54  current  taxa,  43  historical,  64  combined  total,
and  a  68%  similarity;  (2)  Seal  Harbor,  41  current  taxa,  82  his-
torical,  97  combined  total,  and  a  43%  similarity;  and  (3)  the  Sea-
wall-Southwest  Harbor  area,  60  current  taxa,  63  historical,  90

combined  total,  and  a  54%  similarity.

Present-day  zonation  patterns.  As  shown  in  Figure  9  and
Table  2,  several  conspicuous  differences  in  zonation  patterns  are
evident  when  the  Mount  Desert  sites  of  Otter  Cliffs,  Otter  Cove,

and  Thompson  Island  are  compared  with  previously  published
records.  The  biological  zones  at  Otter  Cliffs  (Figure  3A)  are  the
most  expansive  (>5.7  m)  due  to  extreme  wave  exposure,  fol-
lowed  by  the  exposed  Bald  Head  Cliff  site  (4.8  m),  the  semi-
exposed  Jaffrey  Point  (3.4  m),  and  the  more  sheltered  Otter  Cove
(3.2  m)  and  Thompson  Island  sites  (3.5  m).  Thus,  the  biological
zones  exceed  mean  tidal  amplitudes  at  Otter  Cliffs  (4.6  m),  Bald
Head  Cliff  (2.7  m),  and  Jaffrey  Point  (2.7  m),  while  they  are  less
at  Otter  Cove  (4.6  m)  and  Thompson  Island  (5.0  m).  As  shown

Mougeotia

marine
mist

at  Otter  Cliffs,  extending  from  4.3  m-9.2  m  (Figure  9A;  Table
2);  neither  of  these  taxa  were  found  at  the  other  study  sites.

Pronounced  localized  differences  in  zonation  patterns  are  evi-

dent  at  Otter  Cliffs  (Figure  9B-D).  That  is,  the  exposed  outer
rocks  have  a  very  circumscribed  zonation  (see  below)  and  a  re-
duced  number  of  species  compared  with  the  adjacent  semi-ex-
posed  cliff.  A  composite  of  the  two  major  habitats  at  Otter  Cliffs
(Figure  9B)  tends  to  show  a  more  "typical"  zonation  pattern,
similar  to  Jaffrev  Point  (Figure  9G),  with  species  richness  in-

from
dominate

conspicuous  in  the  lower  shore  and  browns  exhibit  an  interme-
diate  pattern.  Many  species  exhibit  disjunct  vertical  distributions,
extending  higher  within  than  outside  of  tide  pools  (Table  2).  A
pattern  of  decreasing  species  richness  with  enhanced  shelter  is

Mount
Thompson  Island

three
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Figure  9.  The  number  of  seaweed  taxa  (green,  brown,  and  red)  occurring
at  0.5  m  intervals  from  the  upper  to  the  lower  intertidal  zone  at  six  sites  in
Maine  (A-F)  and  one  (G)  in  New  Hampshire:  (A)  Otter  Cliffs  (from  Johnson
and  Skutch  1928a);  (B)  Otter  Cliffs,  composite  of  C  and  D  below;  (C)  Otter

semi
Thomp

semi

increasing  shelter.
A  number  of  u
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maritime,  splash,  intertidal,  subtidal)  on  Mount
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com
salt  spray  above  the  highest  tides,  is  absent  from  the  exposed

MLW

developed,  however,  on  the  adjacent  cliffs  (+9.2  to  +15.2  m).
Within  this  zone  several  lichens  (Caloplaca,  Leonia,  Physia,
Ramilina,  Verrucaria,  and  Xanthoria),  blue  green  algae  (Caloth-
rix  and  Oscillatoria),  and  seed  plants  (Abies  balsamea,  Empetrum
nigrum,  Juniperus  horizontalis,  J.  communis  var.  depressa,  Picea
glauca,  and  Plantago  oliganthos)  occur.  Many  seed  plants  exhibit
extensive  wind/salt  damage.  At  Otter  Cove  (Figure  3B)  and
Thompson  Island  (Figure  3C)  the  maritime  zone  approximates
mean  tidal  limits,  extending  to  +4.6  and  +5.0  m,  respectively.
The  two  most  conspicuous  trees  at  these  sites,  A.  balsamea  and
P.  glauca  show  little  wind/salt  damage.  The  splash  zone,  or  the
area  affected  by  wave  action  above  high  tide,  exhibits  pronounced
spatial  differences.  It  extends  to  the  top  of  the  outer  rocks  at  Otter
Cliffs  (  +  5.7  m)  where  only  a  few  localized  patches  of  the  guan-
otrophic  green  alga  Prasiola  stipitata  occur  (Table  2).  On  the
adjacent  semi-exposed  cliff,  it  extends  to  about  +9.2  m,  with  the
marine  lichen  Verrucaria  spp.  and  various  blue  green  algae  (Cal-
othrix  and  Oscillatoria)  forming  extensive  greenish-blackish

crusts.  A  splash  zone  is  absent  at  Otter  Cove  and  Thompson
Island,  and  their  biological  zones  do  not  exceed  ambient  tidal

extremes  (see  above).
The  intertidal  zone,  or  the  region  regularly  covered  and  un-

three

dominated

mid B
Fucus  spp.;  and  (3)  a  lower  red  algal  zone  with  Chondrus  crispus
and  Mastocarpus  stellatus.  The  upper  intertidal  at  the  exposed
Otter  Cliffs  rocks  (ca.  +3.0  to  +4.6  m)  is  dominated  by  S.  bal-
anoides,  while  several  disjunct  taxa  occur  within  high  tide  pools
(Ulva  lactuca,  Vivaria  obscura,  A.  nodosum,  Fucus  distichus  ssp.
distichus,  "Ralfsia  clavata,"  Ahnfeltia  plicata,  Chondrus  crispus,
Clathromorphum  circumscriptum,  Devaleraea  ramentacea,  Hil-
denbrandia  rubra,  and  Mytilus  edulis).  The  mid-intertidal  (ca
+  1.6  to  +2.9  m)  only  has  a  few  stunted  plants  of  F.  distichus
ssp.  edentatus,  plus  S.  balanoides,  while  the  low  intertidal  (0.0
to  ca  +1.5  m)  contains  many  of  the  same  disjunct  tide  pool  taxa,
in  addition  to  Alaria  esculenta,  Elachista  fucicola,  M.  stellatus,

Palmaria  palmata,  "Petrocelis  cruenta"  Polysiphonia  stricta,
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Porphyra  umbilicalis,  M.  edulis  and  S.  balanoides.  The  semi-
exposed  habitat  at  Otter  Cliffs  contains  a  greater  variety  of  or-
ganisms  than  the  outer  highly  exposed  rocks  (Figure  9C,  D),  with
S.  balanoides  dominating  the  upper  shore  (to  +3.5  m),  A.  no-
dosum  and  F.  vesiculosus  the  mid-intertidal  (to  +2.8  m),  and
several  species  in  the  lower  intertidal  (C.  crispus,  M.  stellatus,  P.
palmata,  U.  lactuca,  and  M.  edulis).  The  intertidal  zone  at  Otter
Cove  is  primarily  dominated  by  5.  balanoides,  A.  nodosum,  F.
vesiculosus,  C.  crispus,  and  M.  edulis;  epiphytic  (Pilayella  littor-
alis)  and  hemiparasitic  species  (Polysiphonia  lanosa)  are  abun-
dant.  Analogous  zones  at  Thompson  Island  are  readily  differen-
tiated,  with  Fucus  spiralis  extending  from  +2.4  to  +3.5  m,  A.
nodosum  from  +0.2  to  +2.9  m,  and  F.  vesiculosus  from  0.0  to
+0.8  m.

The  upper  subtidal  zone,  or  fringe  region  just  below  mean
low  water  (MLW),  shows  pronounced  differences  in  species
composition  and  abundance  (Table  2).  For  example,  at  the  ex-
posed  Otter  Cliffs,  this  zone  is  dominated  by  dense  patches  of
Semibalanus  balanoides  and  Mytilus  edulis;  wave-damaged
Alaria  esculenta  and  many  red  and  green  algae  are  also  evident.
Fucus  distichus  ssp.  edentatus  marks  the  upper  subtidal  zone  at
the  adjacent  semi-exposed  cliffs.  Several  kelps  (A.  esculenta,
Laminaha  digitata,  and  L.  saccharina),  green  algae  (Spongo-
morpha  spinescens  and  Ulva  lactuca),  and  red  algae  (Ceramium
nodulosum,  Clathromorphum  circumscriptum,  Devaleraea  ra-
mentacea,  and  "Petrocelis  cruenta")  are  also  present.  The  shal-
low  subtidal  at  Otter  Cove  has  dense  populations  of  Mastocar-
pus  stellatus,  U.  lactuca,  and  L.  saccharina,  as  well  as  the  crus-
tose  algae  C.  circumscriptum,  "P.  cruenta,"  and  Pseudolithod-

erma  extensum.  Somewhat  deeper,  Strongylocentrotus
droebachiensis  forms  extensive  "urchin  barrens"  in  which  only
residual  populations  of  Agarum  clathratum  are  evident  on  a

''pavement"  of  the  pink  crustose  coralline  alga  C.  circumscrip-
tum.  Thompson  Island  has  a  very  limited  subtidal  flora,  and  most
plants  (Dumontia

brandia  rubra,  and  Ralfsi
nitic  boulders  and  pebbles

Figure  10  illustrates  the

flexicaulis,  Hilden

limits
Mount

semi
Thompson  Island)
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Cliff,  Maine,  and  Jaffrey  Point,  New  Hampshire.  Ascophyllwn
nodosum  shows  a  fairly  uniform  distribution,  being  most  circum-
scribed  at  Otter  Cove  and  Jaffrey  Point.  Fucus  vesiculosus  ex-
hibits  a  conspicuous  attrition  with  enhanced  shelter  between  the
Otter  Cliffs  composite  site  and  Thompson  Island  and  a  moderate
resurgence  at  Bald  Head  and  Jaffrey  Point.  Mastocarpus  stellatus
and  Chondrus  crispus  are  highly  reduced  at  the  most  exposed
sites,  the  outer  rocks  of  the  highly  exposed  Otter  Cliffs  and  those
of  the  more  protected  Otter  Cove.  The  former  species  has  an
erratic  distribution,  while  the  latter  species  shows  a  southerly  en-
hancement.  Clathromorphum  circumscriptum  exhibits  a  more
northern  pattern  than  C.  crispus  and  is  most  prevalent  in  the  com-
posite  of  Otter  Cliffs  and  their  highly  exposed  outer  rocks.  Pal-
maria  palmata  is  most  common  at  the  composite  of  Otter  Cliffs,
it  dips  on  the  exposed  outer  rocks,  and  is  lowest  at  the  semi-
exposed  Jaffrey  Point.  Devaleraea  ramentacea  is  relatively  uni-
form  at  all  sites  except  at  Jaffrey  Point,  where  it  is  reduced.

The  upper  and  lower  distributional  limits  of  Verrucaria  spp.,
Urospora  penicilliformis,  and  Blidingia  minima  are  illustrated  in
Figure  11.  Verrucaria  shows  its  maximum  upward  expansion  at
the  semi-exposed  rocks  of  Otter  Cliffs  and  the  more  protected
coast  of  Otter  Cove  with  analogous  lower  distributional  limits,
except  for  the  latter  site  and  Thompson  Island.  Urospora  is  most
expansive  at  the  composite  of  Otter  Cliffs  and  shows  a  clinal
decrease/compression  at  the  other  five  sites.  Blidingia  shows  a
maximum  upper  distribution  at  the  same  site;  minimum  limits  are
seen  at  Otter  Cove  and  Jaffrey  Point.  Its  lower  distribution  is
somewhat  erratic,  with  maximum  and  minimum  levels  in  the
composite  and  semi-exposed  areas  of  Otter  Cliffs,  respectively.

benchmark
comparisons.  The  use  ol  Johnson  and
hirh  was  established  in  1923  at  Otter

Cliffs,  has  insured  that  the  present  elevational  measurements  are

shared
parable

limit

Three
limits:  Blidingia  minima  (3.7  m  vs.  1.8  m),  Fucus  vesiculosus
(1.5  m  vs.  0.1  m)  and  Porphyra  umbilicalis  (0.6  m  vs.  0.0  m).
None  of  the  32  shared  taxa  shows  a  significant  upward  expansion

of  its  zone  (>0.2  m).
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Figure  10.  Upper  distributional  limits  of  non-tide  pool  populations  of
Ascophyllum  nodosum  (A),  Fucus  vesiculosus  (B),  Mastocarpus  stellatus  (C),
Chondrus  crispus  (D),  Clathromorphum  circumscriptum  (E),  Palmaria  pal-
mata  (F),  and  Devaleraea  ramentacea  (G)  at  seven  sites.  The  sites  are:  (1)
Otter  Cliffs  (from  Johnson  and  Skutch  1928a);  (2)  outer  rocks  at  Otter  Cliffs;
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DISCUSSION

Based  upon  historical  and  recent  collections,  the  macroalgal
flora  on  Mount  Desert  Island,  Maine,  is  composed  of  145  taxa,
which  exceeds  insular  floras  within  nearby  Penobscot  Bay  and  at
other  northwest  Atlantic  sites  (Mathieson  and  Penniman  1986;
Mathieson  et  al.  1996).  When  comparing  historical  and  recent
collections  at  three  individual  sites  on  Mount  Desert,  the  lowest

percent  similarity  occurred  at  Seal  Harbor,  an  embayment  having
intense  human  activity,  while  other  sites  showed  only  small
changes.  Zonation  studies  revealed  altered  vertical  patterns  and  a
reduction  in  species  diversity  with  increasing  exposure,  with  these
patterns  being  similar  to  those  reported  for  the  Bay  of  Fundy
(Morton  1991)  and  rocky  shores  in  general  (Dawes  1998;  Lewis
1964;  Lobban  and  Harrison  1994;  Liming  1990;  Stephenson  and
Stephenson  1972).  A  significant  decline  in  elevation  for  13  in-
tertidal  seaweeds  at  Otter  Cliffs  also  occurred  during  the  74  year

period,  with  no  upward  expansion  for  20  additional  species.
Three  major  present-day  seaweed  floristic  patterns  are  evident

when  comparing  percent  similarities  at  Mount  Desert  Island:  (1)
the  values  for  individual  sites  are  variable,  presumably  because

of  pronounced  habitat  differences;  (2)  the  mean  value  for  the  28
present  study  sites  is  quite  low  (x  =  36.8  ±  7.6%);  (3)  the  latter
value  is  much  lower  than  similarity  values  for  multiple  northwest
Atlantic  sites  (ca.  51.0-92.0%,  x  =  72.3%  ±  6.0%)  from  Cam-
pobello  Island,  New  Brunswick,  to  Penikese  Island,  Buzzards
Bay,  Massachusetts  (Mathieson  et  al.  1996).  Thus,  there  are
strong  contrasts  between  intra-  and  interisland  percent  similarity
patterns,  which  are  important  in  assessing  possible  anthropogenic
impacts  (Anonymous  1992,  1995;  Greene  et  al.  1992)  as  well  as
evaluating  theoretical  considerations  regarding  island  biogeogra-
phy  (Mathieson  and  Penniman  1986).  Further,  the  frequency  dis-

tribution  patterns  shown  in  Figure  6  show  that  many  taxa  are

semi
(Femino

1980);  and  (7)  semi-exposed  Jaffrey  Point  (Matnieson  ei  u.  i*oij.  inuic  mm
five  of  the  species  were  not  found  at  all  seven  sites  including:  A.  nodosum
anH  r  «  Mm  *  M  w^  M  ..  ^;»  a  i\  \a  vtetlntu*  C  crisDus.  and  C.  circumscriptum

and
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Figure  1  1  .  Upper  and  lower  vertical  distributions  of  non-tide  pool  pop-
ulations  of  Verrucaria  spp.  (A),  Urospora  penicilliformis  (B),  and  Blidingia
minima  (C),  with  site  delineations  as  in  Figure  10.  The  species  were  not
collected  at  site  2,  Verrucaria  spp.  were  missing  from  site  6,  U.  penicillifor-
mis  from  site  5,  and  B.  minima  from  sites  5  and  6.
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Table  3.  Difference  in  upper  distributional  limits  of  intertidal  seaweeds
at  Otter  Cliffs,  Maine,  determined  from  1923-1927  (Johnson  and  Skutch
1928a)  and  1996.  Data  for  floristic  affinities  and  southern  distributional  limits
are  based  upon  Schneider  and  Searles  (1991),  South  and  Tittley  (1986),  and
Taylor  (1957).  Key  to  symbols:  Affinities:  C  =  cosmopolitan;  N  =  northern;
Southern  limits:  CT  =  Connecticut;  MA  =  Massachusetts;  NC  =  North  Car-
olina;  NJ  =  New  Jersey;  VA  =  Virginia;  *  =  species  showing  drop  in  lower
distributional  limit.

Species 1928

CHLOROPHYCEAE

Blidingia  minima*
"Codiolum  pusillum"
Spongomorpha  arcta
Urospora  penicilliformis

PHAEOPHYCEAE

Elachista  fucicola
Fucus  distichus

ssp. edentatus
Fucus  vesiculosus*
Laminaria  digitata

RHODOPHYCEAE

Mastocarpus  stellatus
Palmaria  palmata
Polysiphonia  lanosa
Poly  siphon  ia  stricta
Porphyra  umbilicalis*

5.0 m
4.5 m
2.5 m
5.0 m

2.5 m

2.5 m
4.5 m
0.5 m

2.5 m
2.5 m
3.0 m
2.5 m
3.5 m

Affini-
1  996  Difference  ties

4.0 m
4.0 m
0.5 m
4.0 m

1.5 m

2.0 m
3.0 m
0.0 m

2.0 m
1.5 m
2.5 m
1.0 m
3.0 m

1.0
0.5
2.0
1.0

1.0

0.5
1.5
0.5

0.5
1.0
0.5
1.5
0.5

C
N
C
c

c

N
c
c

c
c
c
c
c

Limits

VA
MA
NJ
VA

CT

MA
NC
CT

CT
NJ
NJ
NC
VA

occurring

'£■ (Mathieson  and  Hehre  1986;  Mathieson

Penniman  1991).
comparisons  of  Mount

northwest  Atlantic  North  American  insular  floras  also  can  be

Mount
(Mathieson

Maine

Massachusetts
species  diversity  is  considerably  less  than  Newfoundland  (ca.  254
taxa),  the  largest  island  within  this  same  geography  (South  1983;
South  and  Hooper  1980).  A  comparison  of  nine  smaller  islands
within  contiguous  Penobscot  Bay  (Figure  1  )  shows  a  range  of  4

65  taxa/island  (x  = 30.8 (Mathieso
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al.  1996).  Further,  Mount  Desert's  flora  exceeds  the  insular  floras
of  Penobscot  Bay,  both  individually  and  collectively.  In  a  broader
context,  Mount  Desert's  flora  is  relatively  diverse  compared  with

contiguous  coastal  embayments:  (1)  159  taxa  for  Passamaquoddy
Bay,  New  Brunswick,  Canada  (Tittley  et  al.  1987);  (2)  139  taxa
for  Penobscot  Bay  as  a  whole,  including  insular  and  near  shore
sites  (Mathieson  et  al.  1996);  (3)  ca.  194  taxa  for  Casco  Bay,
Maine  (Collins  1911;  Farlow  1881;  Mathieson  and  Hehre,  un-
publ.  data).  Thus,  macroalgal  diversity  can  be  related  to  island
size,  which  in  turn  is  correlated  with  habitat  complexity  (posi-

tively)  and  anthropogenic  impacts  (negatively).
With  respect  to  historical  floristic  comparisons,  Otter  Cliffs

shows  an  apparent  "enhancement"  of  species  richness,  Seal  Har-
bor  exhibits  a  conspicuous  reduction  and  Seawall-Southwest  Har-
bor  shows  approximate  equality.  The  inconsistent  patterns  might
result  from  several  factors:  incomplete  characterization  of  Otter
Cliffs  (Johnson  and  Skutch  1928a,  b,  c),  temporal  variability  of
the  floras  (Harris  et  al.  1998),  or  anthropogenic  effects  (e.g.,  Seal
Harbor).  Thus,  different  factors  may  be  important  in  determining
individual  patterns.  Two  of  the  most  conspicuous  factors  are  hab-
itat  diversity  and  frequency  of  collections.  For  example,  a  com-
parison  of  the  seaweed  flora  of  the  semi-exposed  Jaffrey  Point,
New  Hampshire,  site  showed  a  pattern  of  maximum  species  rich-
ness  (see  Figure  9G),  presumably  because  of  its  "intermediate"
environment  (Connell  1979),  plus  the  fact  that  detailed  seasonal
and  spatial  collections  were  made  (Mathieson  et  al.  1981,  1991).

As  shown  in  Table  3,  eleven  of  the  thirteen  species  with  altered
historical  zonation  patterns  are  cosmopolitan,  being  widely  dis-
tributed  north  and  south  of  Cape  Cod,  Massachusetts.  The  other
two  taxa  ("Codiolum  pusillum"  and  Fucus  distichus  ssp.  eden-
tatus)  are  more  common  north  than  south  of  the  Cape  (South  and
Tittley  1986;  Taylor  1957).  It  should  be  emphasized  that  seaweed
zonation  patterns  can  be  influenced  by  abiotic  factors  such  as
wave  activity  (Figures  9-11),  as  well  as  varying  climatic  condi-
tions.  For  example,  in  a  study  of  intertidal  invertebrates  at  Mon-
terey  Bay,  California,  Barry  et  al.  (1995)  found  that  8  out  of  9
"southern"  taxa  showed  an  increase  in  abundance  between  1931

and  1994.  By  contrast,  5  of  8  "northern"  species  decreased  in
abundance  during  the  same  period.  Barry  et  al.  suggest  that  the
basis  for  these  changes  could  be  an  increase  in  air  and  water
temperature.  In  the  Gulf  of  Maine,  Harris  et  al.  (1998)  reported
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southern
tribution  between  1979  and  1994,  presumably  due  to  an  increase

mean  seawater  temperatures
o

same  Deriod.  Introduced  taxa  included  the  southern

forbes
fragile

elevation  of  13  intertidal  seaweeds  at  Otter  Cliffs  may  be  caused,

in  part,  by  the  general  warming  trend  noted  in  the  Gulf  of  Maine

arris
Barry

other  possible  factor  influencing  intertidal  distribution  is  in-
creased  atmospheric  ozone  levels.  Indeed,  high  levels  of  this  pol-
lutant  have  been  monitored  at  Acadia  National  Park  in  the  1980s

and  extensive  damage  to  terrestrial  plants,  including  spreading
dogbane,  has  occurred  due  to  ozone  injury  (Eckert  et  al.  1994,

1997).
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APPENDIX

HISTORICAL  AND  RECENT  COLLECTIONS  FROM  MOUNT  DESERT,  MAINE,  AND  AD-
JACENT  CRANBERRY  ISLES,  INCLUDING  SITES,  DATES,  AND  NAMES  OF  COLLECTORS.

Site:
Thompson  Island,  Mount  Desert  Narrows
1996)

2. Narrows
1994)

3. Narrows
4.  Hulls  Cove,  Frenchman  Bay,  Bar  Harbor  (Recent:  4/3/1995)
5.  Town  pier,  Bar  Harbor  (Recent:  4/14/1967,  4/14/1968,  1/14/1983,  4/3/

1995)
5a. HWG

18/1966)
6.  Schooner  Head/Anemone  Cave  area,  Bar  Harbor  (Recent:  4/16/1995,  2/

22/1996,  5/5/1996)
7.  Great  Head,  Bar  Harbor  (Recent:  4/3/1995)
8.  Sand  Beach,  Bar  Harbor  (Recent:  4/16/1995,  2/22/1996)
9.  Old  Soaker,  Bar  Harbor  (Recent:  2/22/1996)
10.  Thunder  Hole,  Bar  Harbor  (Recent:  4/15/1955,  9/25/1981,  2/22/1996,

5/5/1996)
11.  Otter  Cliffs,  Bar  Harbor  (Historical:  FSC:  7/12/1900,  7/17/1900,  7/20/

1900;  DSJ:  6/1927,  6/5/1927,  6/23/1927,  7/1927,  7/9/1927;  DSJ  &  AFS:
1928  (Msc);  Schramm:  1941;  Recent:  9/25/1981,  8/23/1994,  10/25/
1996)

16/1995,  5/5/1996)
(Recent

(Recent
13a.  Otter  Creek,  Mount  Desert  (Historical:  FSC:  7/12/1900,  7/17/1900,  II

20/ 1 900)
14.  Western  Point,  near  Black  Woods  Campground,  Mount  Desert  (Recent:

5/15/1970,  5/15/1971,  3/25/1995,  2/22/1996)
14a.  Hunter's  Beach,  near  Ingraham  Point,  Mount  Desert  (Historical:  FSC:

7/11/1900,  7/11/1902)
15.  Seal  Harbor,  near  Crowninshield  Point,  Mount  Desert  (Historical:  LRB:

1890;  FSC:  7/24/1889,  7/1890,  7/2/1890,  7/22/1890,  8/8/1890,  8/11/
1890,  1894  (Msc),  7/1897,  6/17/1899,  7/1899,  7/15-7/17/1899.  7/14/
1900;  IH:  8/17/1889;  EWR:  8/1888;  Recent:  3/25/1995,  4/15/1995,  5/
5/1995,  2/22/1996,  9/29/1996)

16.  Bracy  Cove.  Mount  Desert  (Historical:  FSC:  7/22/1889,  7/20/1890;  IH:
8/11/1890;  Recent:  3/25/1996,  5/5/1996)

17.  Northeast  Harbor,  Mount  Desert  (Historical:  HdR:  8/1903;  Recent:  3/
25/1995,  2/22/1996)

17a.  Little  Cranberry  Isle,  Cranberry  Isles  (Historical:  FSC:  1894  (Msc).
7/20/1890,  7/21/1890,  7/15/1899,  7/16/1899;  JHR:  8/6/1889)

18.  Somes  Sound,  off  of  Sargent  Drive  &  opposite  Acadia  Mountain/No-
rumbesa  Mountain  Viewnoint  Monnr  Desert  (Repent-  V9S/I99M
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19.  Somesville,  near  junction  of  Routes  102  &  198,  Mount  Desert  (Histor-
ical:  FSC  7/24/1889;  WJO  9/25/1912;  Recent:  8/24/1994)

20.  Somesville,  @  Rt.  102  &  a  tidal  stream.  Mount  Desert  (Recent:  3/25/
1995)

21.  Clark  Point  near  U.S.  Coast  Guard  Facility,  Southwest  Harbor  (Histor-
ical:  AJB  and  ETM:  7/26/1952;  FSC:  7/24/1889,  7/1897,  7/17/1897;
IH:  8/2/1889,  8/12/1889,  8/15/1889,  8/17/1889,  8/2/1890,  8/3/1890,  8/
6-8/1890,  8/10/1890;  Recent:  3/25/1995)

21a.  Greening  Island,  Southwest  Harbor  (Historical:  IH:  8/7/1890)
Wonderland

1889)
22.  Seawall,  across  from  Seawall  Campground,  Southwest  Harbor  (Histor-

ical:  FSC:  7/1897,  7/18/1897;  IH:  1883,  7/17/1887,  8/1889.  8/8/1889,
8/10/1889,  8/12/1889,  8/15/1889,  8/17/1889,  8/8/1890,  8/12/1890,  II
1897,  7/18/1897,  3/19/1903;  DSJ:  7/1927,  7/9/1927;  WRT:  9/5/1920,  8/
26/1970;  Recent:  8/23/1994,  8/24/1994,  3/25/1995,  4/16/1995.  2/23/
1996)

23.  Bass  Harbor  Head  Light,  Tremont  (Recent:  3/25/1995,  2/23/1996)
24.  Bass  Harbor,  @  culvert  on  Rt.  102,  Tremont  (Recent:  8/24/1994)
25.  Seal  Cove,  Blue  Hill  Bay,  Tremont  (Recent:  4/16/1995)
26.  Pretty  Marsh  Harbor,  @  Indian  Point  Road,  Mount  Desert  (Recent:  4/

18/1995)
27.  Bartlett  Narrows  boat  ramp,  off  of  Indian  Point  Road,  Mount  Desert

(Recent:  4/18/1995)
28.  Indian  Point  @  Blagden  Preserve,  Western  Bay,  Bar  Harbor  (Recent:

4/18/1995)
29.  Recorded  from  Mount  Desert  Island  with  no  specific  location  (Histori-

cal:  FSC:  7/1900)

Historical  Collectors:  AJB:  Albert  J.  Bernatowitz;  LRB:  L.  R.  Boggs;  FSC:
Frank  S.  Collins;  GHG:  Gilbert  H.  Goff;  HWG:  Helen  W.  Goff;  AFH:  Albert
F  Hill;  IH:  Isaac  Holden;  DSJ:  Duncan  S.  Johnson:  ETM:  Edward  T  Moul:
WJO:  Winthrop  J.  Osterhout;  EWR:  Elisa  W  Rand;  JHR:  John  H.  Redfield:
HdR:  H.  de  Roasloff;  Schramm;  AFS:  Alexander  F  Skutch:  WRT:  William
R.  Tavlor:  MZ:  Martin  Zimmerman.
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