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I. INTRODUCTION
A, Project:ﬁescription

This report addresses thevintertidal flora of rocky shores andlsait'
marshes. Much of the ﬁdrk condﬁcted over the last two décades has suggestéd
that the intertidél flora are the most heavily impacted by oil wﬁich
tends to concentrate in intertidal areés. While damage_to largel&
subtidal flora, such éé Zostera marina, and the laminarians.hés begn
occasionally.ogéérved, the effects of oil appear to be relatively minor.
Because the effects of oil omn éubtidal flora are consiaered less harmful,
énd Subtidal populations of flora cannot as eésily be assessed, no
attempt has been made to assess subtidal flora.

It is widely acéepted that short or long term oil damage is offen
very localized. The understanding and assessment of oil damage, therefore,
requires a precise understanding of loéal‘baseliné‘data. With most ’
biological groups, the gathering of such detailed baseline data is often
time consuming and very costly. Large—format_félse—color infrared
photography represents one of the most powerful tools for the examination
of intertidai marine  flora. Intertidal plant communities are, in fact,
one'of thé marine communities that allow aerial photography to be used
to its full potential. When falée—colpr infra;ed photography is complemented
by ground truth transects at selected sites, we gaiﬁ an important perspective
on intertidal marine communities, where important communities can‘be
distinguished, and their extent of covérage documented. The examiﬁation
of selected intertidal plaﬁt communities by false—color‘iﬁfrared aerial
techniques complimented by ground truth transects also represents an

effective way to examine seasonal changes in intertidal flora.




There are many ways to approach intertidal population analysis &ith
respect tovpetential 0il damage. ﬁe feel that the aforementioned aéproach
has particular merit in‘fhet it ‘allows fof the examination.of the entire
coast with ddcumehtation of ﬁajor plant comﬁuﬁities at a local level stressing
the dominant intertidal plaﬁt communities. ‘ |

-We feel that the project'would best be served by establishiﬁg-which
elements of plant communities deserVe attention. In our yieﬁ if is moe;
important to consider plants thatbeither havebreai or potential!eCOnomic
value or function as importent elements in eoastal systems which may.be
~impacted by oil. ‘While species lists‘may Be developed from ground.fruth
traneects, we feel that too ﬁuch effort should not be given to»this exercise
as it is more important to describe economically important‘or dominant flora.
While certain, often minor, elements of intertidal plant coﬁmunities might
be described as rare; or>unuéual, or have been shown to be sensitive to oil,
_sueh as various '"'indicator species", we féél that it is a mistake to structure
this program around them. It would be wrong to over-emphasize the protection of
minor floral elements at the‘expense of more dominant plants of economic yalue’
or greater envirommental function. If one were‘to structure a prbgram a£ouﬁd
"indicator species" of oil pollution,:and these elante were of minof economic

or ecological importance, it would be difficult to translate the disappearance

or injury of these plants into a meaningful assessment of oil'damage.

B. Value of benthic flora
1. Salt marsh plants
The preservation of salt marsh is important to Maine. These areas perform

numerous vital functions that contribute to the well-being of coastal ecosystems.




Among their most important biological functions are those of‘providing
food and habitat for_many types of fauna.A
. The growth of salt marsh flora and its subsequent decay into detrital—
bacterial conglomerates provides a food source for fauna that inhabit or
frequent salt marshes. The production of organic matter also provides a
food source to associated.estuaries.' The extent to which salt marshes
_provide a food source to associated estuaries is related tovtheir size;
productivity andvrelative degrees.ofAflushing; The large tidal ranges
and fringing nature of many Maine salt marshes promote'a large flux of
aerial (above ground) salt marsh food products to surrounding waters.
Salt marshes are additionally important as stabilizing and building
elements along coastlines. While extensive root systems stabilize and
bind sediment, aerial shoots.of salt marsh plants decrease water velocities
resulting in depositon of suspended matter.l Sediment levels are gradually 7
raised; naking the area suitable for thelinVasion of higner level salt . =
marsh vegetation, and finally terrestrial flora. Salt marsh flora also
function to protect vulnerable coastline from erosion.
Citizens also directly benefit from the presence of salt marshes
which providevaesthetically pleasing recreationalvareas and the opportunity
to enjoy expanded hunting and fishing activities. Salt marshes are an
integral.part of the scenic attraction of Maine. As such they contribute
to the'economically important tourist industry.
It has been estimated.that the Maine coast supports approximately
17,000 acres of salt marsh. When oneiconsiders the 1ong, highly invaginated
Maine coastline, it becomes apparent that salt marshes constitute only a

small fraction of the total coastal marine and estuarine habitat.




Its ecological and indirect economic value together wiﬁh its relative
scarcity along the Maine coast certainly qualify salt marshes as areas
worthy of intense preservation efforts. |

With the realization that salt marshes play important.roles in,the
struéture of coastlines and the function of coastal ecosystems; salt
marshes have received much attention. Excellent background information
on salt‘marshes appears in works by Teal (1962), Redfield (1972), Niering
(1973), Reimold et al. (1974), Halverson et al. (1974), Odum (1974) and.
vChapman (1977). | » |

The salt marshes of Maine, however, have not received a great deal
of attention. Much of what is "known" of Maine salt marshes has arisen
from the'ektrépolation of work done in other regions that Often'support
large salt marsh areas. Maine salt marshes have most recently been
reviewed by Thornton (1981). Works dealing with Maine salt mérsh areas
include those by Taxiarchis (1953), Dow (1962), Sherman\(l§68); McCall
(19725, Reed and Dandrea (1974), Gustafson.(l974), Adams - and Clough
(1976), Hunter (1976, and Anon, (1977). Additional works appear in the
1971 Conference on Maineis salt marshes (Anon, 1971):

Primary produétivity invesﬁigations of Maine'é salt ﬁarsh flora
include those of Vadas et al. (1976), McGovern (1978), Linthurst et al.
(1978), Topinka (19805), and Topinka (1981) which suggest that Maine
salt marshes are ofFen highly'productive‘areas.

Salt marsh work onvthe Casco Bay area study region is limited.

This work includes the efforts of Rowe (1972a, 1972b, 1973a, and 1973b).
Rowe's studies are based on semi-quantitative observations of intertidal
biota along transect lines in the vicinity of Cousin'é Island, Casco

Bay. While some of the common flora are noted, this work only provides




general insight for a specific regioﬁ. ‘The dominant salt marsh plaﬁt
was Spartina alterniflora, and the dominant rocky-shorg macroalgae were
Fucus and Ascophyllum. The gfeétest, most comprehensive invéstigationé
of the gross size and nature of salt marshes in the Casco Bay region
have been undertaken by the Maige Departﬁent'of Inland Fisheries aﬁd
Wildlife. This work provides some of the most detailed information on
salt marsh size and type for salt marshes greatef than 10 acres.. Thié
gross data Waé menﬁioﬁéa by.Little.(l972), and is fefereﬁced in the

manual for the Maine Wetlands Inventory (McCall, 1972).

2, Rocky.shore macroalgae

The function of marine mécroalgae in coastal systems is varied.
The primary productivity of seaweed communities.is widely acknowledged
to be one of the most highly productiVe-systems-in the world. On an
invaginated rocky coast such as that of'Maine, marine macroélgae are no
doubt imbortant producers of food matter and in many areas may have an
annual productiﬁity in ekcess to that bfbphytoplankton.v While the
enefgy flows of seaweed systems are poorly understood, substaﬁtial
amounts of this production ultimately becomes available for various
invertebrates, fish and othér wildlife. Recent wdrk, for .example, has
suggested ﬁhe interdepéndence of lobster, sea urchin and seaweed populationé.
‘Another major function of macroalgal communities is associated with its
" value as a habitat. Maﬁy animals, especially ihvgrtebrates are closely
associated with and dependent on seaweéd communities.

Of all the faétors acting to govern the distribution of marine
macroalgae, availability of rocky or hard substrata for aftachment isA

perhaps the most important. With few exceptions, this group.of plants




requires a stable base for attachment. The rocky coastline of Maine
therefore provides great areas for potential growth. ihe divereity and
productivity of algal communities are influenced by a large number of
physical,rchemical and .biological factore; Of the physical factors,

light is the mostvimportant as it drives the photosyntheticbprocess.
Light, thus hecohes a major factor which hrevents algal growth at greater

water depths. The degree to which plants endure various physical>stress,

especially.dessication,‘limits their upward penetration into the intertidal

zone. The operation.of light and dessication are therefore among.the
most important factors which result in a zone of macroalgae which extends
from just below Mean‘High Water to approximately 20 ﬁ; depending upon
light penetration. Other major physical factors of importahce include

" salinity, temperature and wave exposure.v While relatively little is
known concerning the effects of nutrients on benthic algae there are.
strong indications that various inorganic nutrients such/as nitrogen and
Aorganic.substahces‘mey also be important.

The marine macroalgal populations of Maine are greatly influenced
by the grazing activity of various invertebrate animals. Among thehmost
important intertidal grazers are snails. In the subtidal, sea urchins‘
often exert tremendous. influence in keeping large areas essentially
devoid of most vegetation which Qould otherwise grow in profusion.

The invaginated rocky coast of Maine provides a large number of
hahitats, each with its own hht usualiy related flora. There are also
pronounced seasonal changes in the presence and abundance of many plahts
which may result in large scale alteratioh of community structure. Much
of this change is:uhder the control of light and temperature:. Rocky

intertidal areas are however dominated by Ascophyllum and Fucus which

At




are long lived. There is, therefore, no major seasonal change in the
dominant plant structure on rocky shores.

. While scientists bélievé they understand Some of the major envirdnmental
factors controlling the growth and distribution of macroalgae, ﬁuch of
what is "known' has resﬁlfed from extrapolations from areas outSidé of
Maine. The macroalgal'flora of Maine has been reviewed by Topinka
(1980b) in the State of Maine Coéétal Charactgrization; Other reviews
" of macrdalgalvflora.iﬁ‘Maine'éppéaf bf Halvorson and Dawson (1974),
Gustafson (1974),'and‘Topinka (1977) . Characteristics and data on mécroaléal
populations of Maine appear in Taylor (1957), Stone et al. (1970), Vadas
(1972) and Topinka (1980b). | |

| This feport deals with the‘dominént intertidal macroalgal
flora of the Casco Bay Region.. In Maine, Ascophyllum and Fucus commonly
dominate macroalgal biomass (Vadas, 1972; Topinka et al. 1980). Thé_»
quantities of these fucoid algae as well as their distribution are
considered by Topinka et al. (1980, 1981). There is little baseline
data for macroalgal populations of the Casco Bay region. 1In his transect
studies, Rowe (1972a, 1972b, 1973a, 1973b) obser&ed that Fucus and
Ascophyllum dominated intertidal macroalgal populations on rocky bottoms,‘

apparently in a similar fashion to other Maine regioms.




II. RESOURCE INVENTORYv
A. Goals

The burpose of this resourcé‘inventory was basically twofold. ' The
first goal wés to provide the most usefﬁl type of data basé that could
describe and quantify dominant intertidal benthic floral resources. The
second_goal‘was to have that data provide the most effective mechanism
for analyzing the~potential effects of 6il. The héart of fhis work is an
atlas of félse—color infrared aefial‘photographs which documents the |
'distfibution of intertidal salt‘marsh and rocky shore macréalgae. This
atlas is accompanied by a key. From these tools‘the salt marsﬁ and
macroalgal resources in the Casco Béy region were quantifiedAin terms of
the area that they oécuéy. These methods were complimented by seasonal
ground truth transects to observe major vertical ;onatién patterns and
describe the dominant plants. As the major salt marshes are among tﬁe
ﬁost important areas for benthic flora énd are among the most vulnerable
areas to long-term éil damage, thé gross outlineé of major salt marshes

were‘presented as overlays on 1:24,000 topographical maps.

B. Methods

. The area of salt marsh and intertidal'beds of fucoid seaweeds was.
derived from aerial photographs taken specifically to examine intertidal
- flora. False-color infrared aerial photographs were taken vertically by
a 70 mm format Hasselblad SOO—CM camera equipped with an 80 mm lens.
Kodak type 2443Afalse—color infféred fiim was used in conjunction with a
Wratten #12 filter. Exposure was set at 1/500 sec.; at £5.6. Photography -
was done at an altitude which gave a scale of 1:24,000 on 70 mm col@r
transpareﬁcies. Theée photographs were taken along a predetermined‘grid
to include all the coastline between Scarborough salt marsh and Cape
Small during Sepfember 3-4, 1980 (Fig. i). All photographs were taken

+1.25 h of low water during midday.




The outlines of individualAphotographs were traced onto 1:24,000
topographical maps to enable the user to more easily identify the bosition
of photographs. An étlas was then constructed of the 468 aerial photographs
which were keyed té‘the labeled tdpographical maps. The large salt
marshes, Having areas of at least 10 acres (0.040Km2) and having mean
widths between high and lower watef of at least 50m were classified as
the major, mofe mature salt marshes. The perimeter of thegé mafshes
- were traced.on'plastic and their area determiﬁed by planimefry. |

The afea of fringing salt marsh and beds of fucoid seaweeds was computed
from the shoreline length and the width of systematically observed planﬁ
beds. The ?roduct of the length of shoreline and the mean band width of
T végetation yvields plant cover of fringing salt maréhes and seaﬁeed beds.

A milage wheel was used to measure shoreline lgngth in the Casco Bay
Region. Shoreline at MHW was found to be 769 Km. Aerial photographs
were examined at 4 Km shoreline intervalsAaf 222 sites., The width of
plant zonés was determinea with the aid of a calibrated.grid in aAmép
reader. when sites were not clearly visable,or'plant identificétion was
in question, nearest unobscured siﬁes were examined. Sites were'not
examined for‘fringing salt marshés or macroalgée when ﬁheyvfell within
"shoreline boundaries designated as major marshes.

VThe intertidal zonation of dominant plants was examined seasonally
at 6 sites. Representative salt marsﬁ was examined at four locations
including sites at Presumpcot River, Scarbbrough River, Cousins River
and Whartoné Point. Rocky shore sites were located at Foft Point and
Crescent Beach; bThese sites are depicted in Fig. 1. Plant zonation was

. determined by transect analysis. Each transect line was identified by




proximity to a numbered stake or landmark near extreme high water marks.
Transect lines were extended at right angles to high water marksvwﬁich
directed transécts down to ;ower intertidal levels. The fldra aiong
Vthis‘transect line was photographed and ver£iéai zonation of dominant

flora determined.

C. Results

The atlas of false—colof iﬁfrared photographs dbcuménts gross plant
cover of dominant intertidalAmacrophytes. In tﬁe event of'major oiling
a loss of these plants may be estimated by examining the change that has.>
arisen since these photographsbwerg taken. Due to ﬁechanical difficulties
with the aefial camera and shading by clouds, photégfaphic coverage 1is
available over appréximately 90% of the intertidal shoreline. Depending
upon light intensity, cblor variation exiéts between various phbtographs.
The color key to identifaction in Table.l'éerves as a useful guide but
careful judgement mustvbe used to adequately define plant boundaries.

The plant cover of some of the major intertidal resources is given
in Table 2. Dominant plant cover in the iarger salt maréﬁes totals 16.2
sz (4001. acres). The cover of narrow bands of friﬁging salt marsh
found outside the boundaries of larger marshes totaled 2.0 sz §49é:.acres).
Plant cover of intertidal rocky shore macrdalgae,,primarily fucoids,
totated 7.7 sz (1902. acres). | |

These valuesA;epresentbthe gross magnifude of some of the dominant
intertidal resources in the Casco Bay region between Scarborough and
Cape Smali. It seems appareﬁt that thé fringing salt ma;sh and intertidal
macroalgal populations occur along gxtensive are;s of shoreline and
couid,not easily be proﬁected from oiling. Effort; however, should be

made to protect the major salt marshes.




The location of major salt marshes greater than 10 acres is given
as a serieé of overlays in the appendix B. These overlays were taken
froﬁ composité photographs to show gross éutlines and magnitudes of salt
marshes. Some distorfion is éppareﬁt when an exaét match to uﬁderlying
topographical maps is attempted. ‘A total of 15 éalt marshés have beéﬁ
identified. A summary of the afea of these salt marshes is given inl

. Table 3. Major salt marsh within the study region totaled 16.2 sz

(4001. acres). The Scarborough River marsh accounted for 66% of this
_mérsh and therefore dominatés salt mérsh area within the study'region.
Other larger salt marshes included the Spurwink River marsh.and.Cousins
River marsh which accounted for 15% and 6% respectively of major marsh
area. The remaining 12 ma?shes'accdunt for qnly 13% of major salt marsh
area.

Estimates of salt marsh abundance agfeed well with data based on
~the Maine Wetlands Inventory. Within thelstudy région, a total of 15
salt marshes greater,than 10 acres were identified and had a total area
of 4001 acres. Mr. A. Hutchinsoﬁ from the Department of Inland Fisheries
" and Wildlife provided data on the séme region which suggested that 18'
salt marshes greater than 10 acres were identified fér a total plant
cover of 4,330 acres. Considering that the criteria used to delineate
salt marshes and/or salt meadows may differ and that the béundrieé of
salt marshes are sometimes somewhat subjective, boﬁh inventories_éppear
in general agreement.

The flora of salt mafshes and intertidal macroalgal populations
within the Casco Bay region are similarvfb those found elsewhere in
. Maine (Tables 5-10). A brief.review of the Casco Bay floré‘examined is

presented in the following section.




The salt marshes of the Casco Bay region are found in some protecﬁed
areas where soft sediment has accumulated. The vertical zonatioﬁ of
flora corresponds ﬁo.infertidal position. The lower marsh is dominated
almost exclusively by Spartina alterniflora; ‘At the base of these
plants large amounts of salt marsh. fucoids ﬁay élso be foﬁnd. The upper
marsh is dominated by Spartina patens, Juncus gerardi and Distichlis
~spicata. »Other plants are also common in the upper marsh, particularly
ﬁear’the upland border. (Table 4).

A pronounced seasonal ébundance of plants occurs in salt marshes.
Growth of most of the dominaht plants is initiated in the Beginning of
May. By mid-June, many dominant plants have reached 5-10 cm in height.
Growth proceeds rapidly during summer. During July andiAugust, many
piants'have beome mature. Maximum biomass is.apparehtly reached by
August and September. After this period, almost all remaining'blants g0

~into a seneséent phase followed by the deéﬁh of above-ground plant
"parts. Winter storms and scouring by ice fiﬁally removes ﬁuch of the

" dead plant material, especially in well flushed marshes. Active growth
is therefore pringipally reétricted to the period between May and August.
During this period they are apparently most vulnerabie to oiling.

In contrast to salt marshes,. a cover of iﬁtertidal macroalgae
persists all year.‘ Although pronounced changes occur in the abundance
. éf small- plants, Ascophyllwnlnodoswn and Fucus dominate biomass all
year. Major losses of these plants occur in spring, after Ascophyllum
becomes reproductive and during winter due to the severity of stofmé'and
ice scouring. The vertical zonation of dominant plants does not change

seasonably nor does the near-infrared reflectance. Spring and summer




are apparently the periods Qf most active growth forvfucoids, and they
would presumably be more vulnerable to oil damage. Chondrus crispus

'popﬁlations occur at lower:intertidal levels and in the ubper subtidal‘
regions. More luxurient growths of Chondus also oﬁcur in more wave

exposed areas. As such, Chondrus populations are not very vulnerable to

oil damage.




III. PROTECTION PRIORITIES
A{ Literature Re&iew
1. Rocky shore macroalgae
The effects of oil pollution.on bénﬁhic mariﬁé algéeAhas been

reﬁiewed by Nelson~Smith (1973), and most fecently by O'Brien and Dixon
b(l976). While maﬁy of the possible effects of oil on benthic marine
flora have nét been investigated, some useful observations can be ﬁade;
Based on surveys (Neléon—émith, 1973; 0'Brien énd Dixon, 1976), much of
the'more deeplyvsubmerged flora apparently escape serious oil damage.
As oil épproaches the shore, much of it is.deposited in the intertidal
zone where it is often concentrated and can do thg most damage to benthic
flora. The most severe toxic effects of oil appear to bevassociated‘
with direct cbntaét. The extent of damage is a function éf many factors.
These include: the amount and type of oii, its degree of weathering,
the duration of exposure, environmental‘céﬁditions'including temperature,
the physiological state of the plants, the degree to which these plants
are subjected to other forms of stress, and indifect effects such as
those on grazers. |

There are numerous ways in which intertidal.macfoalgal commﬁnities‘
may be affected. Physically, plants may be smothered or substrate
surfaces may be made unsuitable for colonization. The exchange ofbg;ses
and uptake of nutrients may be impaired, increased wave érag of oiled
plants wiil tend to diélodge large plants and greater heating effects
during emersion may be observed. Plants may aléo be sensitive to vérious
toxic fractions, such as the aromatics, which may cause death, or result
in some form of physiological impairment. Reproductive activity; or

other essential functions may additidnally be damaged. Plants would also




be expected to vary in their susceptibility to démage during different -
" stages in their development or life cycle. More subtle effects éouid
include lopg—term exposure to 1§w levels of hydrocarbon pollutiqn which
‘ could result iﬁ piant damage, but this is more unlikelyvon a‘rocky‘
éhore. Unfortunately, relatively little is known of these possible
effects._

The physiongical effec;s of o0il and oil components on algée have
been examined elsewhere (O’Brien,and<Diﬁon,A1976; and Vandermeulen and
Ahern, 1976). Some physiological'étudies have indicated that oiling may
result in decreased rates of photosynthesis (Clendenning and North,

'1960; North, Neushul, and Clendenning, 1965), and of RNA and DNA synthesis
(Davarin, Mironov, and Tsimbal, 1975). Growth rates may be similarly
affected by exposure to petroleum hydrocarbons (Boney, 1974).

In his experimentai work, Schramm (1972a, 1972b) found some decrease
"~ in photosynthetic activity in macroalgaé By crude oils, but the effects
were sometimeé not immediate. Although the possible mechanisms invdlvéd
were not identifiéd, Schramm felt it was not interference of metabolic
processes, but reduced CO2 d%ffusigg that caused this photoéyﬂthetié
response. Such compounds as bhenolics, however, can.be metabolically
. toxic (O'Brien and Dixon, 1976) and can reduce photosynthesis (Clendenﬁing,
1960; Clendenning aﬁd North, 1970). In oiling incidents, pigment degradation
of affectedbspecies is often readily apparent., Respiratbry activity may
also be depressed by exposure to toxic hydrocarbons (Hopkins'aﬁd Kain,
1971). |

There are apparently few baseline data on.the accumulation of
hydrocarbons by marine seaweeds. The Massachusetts coast has been

provided with some baseline information on the natural hydrocarbon




content of benthic marine algaé (Clark and Blumer; l967; Youngblood and
Blumer, 1973). Butler and Morris (1976) also have hydrocarbon data for
Sargassum frém the Atlantic. Clark, Finley, and Patten (1973) found
significant amounts of poliutant hydrocarbons'in Fucus gardneri three
months after a large oil spill off the Washington goaét which remained
‘measurable for twelve mpnths (Clark et aZ.,>l975). Significant differences
in hydrocarbon content in Ulva so..and Enteromorpha sp. also were found
between relatively poilﬁfed Sén Ffancisco Bay; and a clean water coastal
inlet (DiSalvo, Guafd, and Try, 1975); |

Fourteen months after the AMOCO CADIZ oil spill:off the coast of
‘Brittany, France, (Topinka and Tucker, 1980) found that oil associated '
with Fucus vesiculosus tissue was correlated with gross levels of initial
exposure., In heavily oiled estﬁaries F. vesiculosus continued to be
contaminated with oil two yearstafter the spill (iopinka, unpublished
datai. Transplant experiments between oiled and clean sites suggested
that this long te?m 0il contamination arose from oil‘leéching from
contaminated nearby sediments.

The rocky shores, such as those found along the'coast of

France, support“rich benthic communities which are sﬁscéptible to oil
damage. 0il depositéd'in the intertidal zone can extensively damage
bénthic macroalgae. This is especially true at higher‘levéls in the
intertidal éone. .Within a vertical distribution range, ofganismé ofka
single species occupying higher intertidal levels ggnerally sustain
greater damage.than those from lower lévels (Smith, 1968). This stress
may result in the depfession of the upper boundaries of susceptible
plants. Recovering'plant communities may not merely begin td raise
vertical zonation levels, but upper-population boundaries may be elevated
_to levels(higﬁer than previously oécupied before oil spills (Southward
and Southward, 1978). This is in épparent reéponse to decreaéed grazing

pressure at higher intertidal levels.




The action of browsing animals, the abrasionbof waves, ice and sand,
combined with evaporation of light fractionms, and the incbrporation of
particulate matter by oil, all tend to remové 0oil from the rocky shores..
0il may also be removed through the action of marine microorganisms.
Almostbcompleté removal of oil by natural agencies, following a moderate
oiling, may téke only three to four months (Smith, 1970). Approximately
one year after the rocky shores>of Nova Scotia were heévily.oiled, only
_ small amounts of 6i1 remained (Thomas, 1973). Since much of this oil ié
deposited in upper intertidal areas, 6il may remain hefe for longer
- periods, where it may deiay recolonization.v Small amounts of oil may
persist for some time in areas such aé rock crevices, or amongst seaweed,
barnacles, or mussels (Nélson—Smith, 1973).

The extent bf oil damage to beﬁfhic macroalgae has been found to
vary considerably with the. factors associated with the spill. Iﬂ the
TORREY CANYON oil spill, Fuéus spiralis suffered more damage than the - -
other fucoid algae, but part of the damage may have been due to detefgeﬁt
spraying (Smith; 1968) . The oil spill at Bantry Bay (Ireland) also resulted
in macroalgal damage. (Culliane, McCgrthy, and Fletchar, 1975); Although
high level fucoids were not as severely affected as in the TORRY CANYON
spill, Fucus serratus was, as were a number of other algae, especially
réd alga¢.> Here again, however, the use of detergents makes it difficult
to distinguish between the effects of 0il and those of detergents. The
0il spill off Kent, in 1971,.combined effects of oil and detergent. yet
apparently resulted in little damage to luxurient Fucus and Ascophyllum
populations, but some éf the red algae did suffer (Tittley, 1972).

Notini (1978) similarly observed little or no macroalgal damage when the
tanker IRINI spilled medium and heavy fuel oil off tﬁe'coast of Sweden.

In his initial study of the oil spill in Chedabucto Bay, Thomas (1973)




found Ascophyllum nodosum and Fucus vesi.culosus fairly resistant to oil
damage; only F. spiralis apparently suffered extensive mortality. Subsequent
observation suggested that the intertidal range of F, vesicul&sus was
depresséd down the shore and ieturned to a hoymal distributioﬁ.after
apprqximately 5 &ears. Fucus spiralis’had.not yet returned after 6 years
(Thomas, 1978).

In general, moderate oiling_apparenfiy does not result in major
damage tobmuch’of the bénfhic-vegetation.(Smith, 1970). Appfoximately 4
months after exposure to crude oil; following the Santa Barbafa oil
spill, significant damage to .the intertidalr;one wéé ﬁét evident (Holmes,
1969). The lower intertidal fucéid algée are more tolerant of both oil
and detergents than other intertidal forms (Boney, 1974). Some plants,
such as the deiidate.reds, may, however, be severely affected (Boney, |
1974; 0'Brien and Dixon; 1976). In local areas where heavy oil cover is
complete and persists, complete plant communities couldAbe destrbyed, and '#A
no recolonization may be expected whiie surfaces remain oil-covered
(Holmes, 1969).

Cross; Davis, Hoss, and Wolfe (1978) observed that considerabie‘oil
remained on Ascophylliun, Pelvetiopsis, and Fucus following the AMOCO. |
CADIZ spill, The estimate of a 10 year recovery time for an oiled marine
- environment suggested by Mofris and>Clark (1978) appears reasonaﬁle as a
maximum time for intertidal rocky shores. 1In areas that havé been cleaned,
or receive considerable'tidai flushing or wave exposure, much of the
. recolonization would be e%pected to occur within a couple of years..
Perhaps the term 'complete recovery" should be abandoned for this implies

that we understand the intertidal marine system well enough to make this




judgement. Although the recovery following the TORREY CAﬁYON spill of
Kuwait crude'oilvoff Cornwall in 1967 has been described as rapid and
complete, recovery has not been extremely rapid and it is the opinioq of
some»distinguishedbshore.ecologists that the biota has not fet retﬁrned
to normal (Soﬁthﬁard and Southward, 1978). "

An interesting pattern of graduallyioccuring éil damage appears tb
occur afterAéil exposure. Immediately after the AMOCO CADIZ oil spill
much bf fucoid vegetation appeared to~persist in an apparently healthy
state (Chasse, 1978).. Upon closer examination however, a gradual loss of
heavily oiled plants was néted over .a period of several months (Floch and
Diouris, 1979). This argues with the observation that Ascophyllum, oiled
after the NEW CONCORD oil spill gradually lost its‘mechanicél strength
and was easily dislodged (Topinka, unpublished data). Tagged sbecimens
of Fucus vesiculosus suggestéd that plants oiled by the NEW CONCORD oil
spill gfew at half the rate of unoiled plénts duringvthe winter of the
first year. Observations, one to two years after the AMOCO CADIZ oil
spill, however, suggested thét no growth inhibition océured in F. vesticulosus
frdm weathered oil leached from‘sediments (Toﬁinka and Tucker, 1980);1

Subtidally, the adverse effect of an oil spill dn benthic plants
would be.comparatively minor, although subtidal plants whose frondage
reéched the water surface may be injured. Based on surveys (Nelson-
Smith, 1973; O'Brien and Dixon, 1976), much of the mo?e deeply submerged
flora épparently escape serious oil damage} The TAMPICO MARU épill of
toxic dieselroil'into a small cove resulted.in a very heavy shore démage
to nearly all of the intertidal benthic algae, énly é few specimens |
remaining (North et al., 1964); Most of the plants, hoﬁever, became re-

established within a few months. Subtidally, the kelp Macrocystis was




damaged somewhat, but subsequently returned and grew prolifically under
decreased grazing pressure. Lesé toxiq crude oil, however, from the

Santa Barbara spill, did not appear to result in an appreciable damage to
Macrocystis even though oil was trapped in layge quantities by this plant

. (Holmes, 1969). Following the release of Navy fuel oil‘from the GENERAL
M.C. MEIGS off Washington.in 1972, damage to Laminaria andérsoniivwas

- severe and still apparent after 2 years (Clark et aZ.,>l975); In intertidél
areas, 2% years after .the spill, many plants began to éppear in normal

distribution patterns (Clark, Patten, and DeNike, 1978).

2. Salt marsh
Thoﬁas'(1973) reported oil damagé tQJSpdrtina aZternibera. Other
flora, howevef, were not visually seriously affected by oiling, but
damage to various marsh plant; has beén documented (Ranwell, 1968).
After a crude oil spill, Crowell and Baker‘(1969) found less damage to
" Spartina, while other plants varied in recover?. Moderate démage to .-
lesser floralkcomponents by oil, However, would‘probably have a leéser
effect on salt‘mafsh ecology than damage to the principal floral components.

» The rate of recovery or recolonization of Spartina after oiling»will
depend upon some of the factors aiready méntioned for macrbalgae, in
addition to the specific toxicity of the type 6f o0il reaching the salt
marsh, as well as,fhe degree and frequency of oiling. Whefe sedimentation
is gréater, rebopulation may occur sooner. Stebbings (1970) found repopu;'
laﬁion of Spartina was.almost complete 16 months after‘the TORREY CANYON
spill. In this instance, Spartina grew in newly deposited sediment on

top of the oiled marsh surface.




Many plénts other than .Spartina are susceptablé to oil damage.
Generally speaking they face the same fypes of'problems as mentioned for
Spartina. Individual Sélt:marsh species have been found to vary considerably
in their tolerapce to Qil pollutioﬁ. In‘her extensive studies‘of &he.

Aéffects of oiling omn sélt marshes, Baker t197la) has provided a useful
classification of salt marsh‘plants on fhe basis of their resistance to
oiling. AS‘invothér‘intertidal situatioﬁs, considerable oil may be

. deposited‘in salt marshes after.an oil spill. As a dominant plant in
many marshes, Spartina Has reéeive& éonsiderable attention.

While Spartina can be eliminated in very heavily oiled areas as
found by Thomas (1973), Spdrtina has aﬁ infermediate reéistance to oil
damage. Baker (1971a) fbund that a single oiling of Spartina did not
result in severe damage, but repeatea oiling could. She also indicated
that Spartina has the capacity_for fairly rapid recovery wherehfhizomes
survive oiling, but very slow»reco&ery when rhizomes are killed.

Damage td Spartina may not be immediately apparent. The extént of

. damage appears to vary with the physiological condition of the plants,,as
well as the time of oiling. Actively.grpwing veéetation appears susceptible
to damage when;fresh 0il adheres to plants (Ranwell,~l§68). Outside of

the growing season, RanWell.(l968) found that'é moderate amount of fresﬁ
oil doeé not result iﬁ severe killing of Spartina. Thevéresence of 6il
may, however, produce reducing anaerobic céﬁditioﬁs in the sediment,
which can result in theAindifect death of Spartina (Baker, 1970);‘ This
oiling of sediment may be more critical during winter, when aerial shoots
are absent (Thomas, 1973). Sporadic re-oiling of salt marshes can also

occur during summer, when elevated temperatures remobilize oil.




After the NEW CONCORD oilispill Spartina aZternionfa grew back
relatively well in many oiled areas (Topinka, 1980a) . Only in some
heavily oiléd areas was there some suggestion of o0il damage. Long term
effects of oiling could hoWéver be more'sevgre. After £he ARROW o0il
spill of Bunker C oil in Chedabucto Bay, évgradual attrition‘pf S. aZternionrd
occuredAdver‘three years, where plants that initially appeared healthy
gradually died éff in the next two years (Thomas and’Harley,.l978).

The incorporation of o0il into;salﬁ marsh sediments makes‘it practically
impossible to remove. Natural degradation of oil takes plaée slowly and
‘oil may persist for years (Nelson-Smith, 1973). Data from the oiled
spilled into Buzzards Bay, Massachusetts also suggested that petroleum
hydrocarbons persist in ﬁarsh and sediments (Blumer and Sass, 1972). The
introduction of detergents in an.attempt to reduce oil in sélt marsh -
would greatly increase the potential damage to the marsh. It must be
concluded that while a light oiling would probaEly result in only minor -
damage to a Saltbmarsh, heavy or repeated oilings could destroy large

areas with the possibility of slow recovery.

B. 0il sensifivity

:Table 11 gives the relative sensitivity of common Casco Bay flora to
crude oii. As the preceding reviews of oil damage to macrbalgae and salt
marsh have suggested, predicting the effects of oil is complex. If,
however, one uses laboratory or field observations, some plants quite
often suffer more oil damage than others. Part of this vulnerablility is ‘
due to the endogenous resistance to oil. Another factor would include
the likelihood of a plant to beéome oiled. The relative sensitivity of

plants to crude oil given in Table lO is taken primarily from the work of




Baker (1971) and the author's knowledge based on his own observatibns.
The usefulness of such a-system is that it acts as a general guide to oil

vulnerability. No.precisé rating of o0il vulnerability is possible.

C.. Protection priority system

In the event of aﬂ oil‘spill, what can be done to protect interfidal
plént populations? Cerfainly 0il spillage should be minimized. Oncé oil
hés éscaped, quite often Qery litfle can beAdone to protéct intertidél
‘plant‘résources. In more wave exposed areas booms will not Work well.
ﬁave action in these more exposed regions will, however, tend to dissipate’
oil more quickly; More ;héltered areas are more vulnerable to long-term
oil contamination, but‘in regions wﬁere current velocities are high,
protectipn by booms is alsc difficult if not impossible.

‘At this point it should be stressed that only the most wave and
curfent shelteréd fégions are serious candidates for protectidn. -Profection’“
may include booms, deflection booms, skimmers and various pumping devices.
It is in these sheltered areas that oil may do major damage and it is
also in these regions that the aforementioned devices and others will be
of the greatest use.

In a very broad semse, the bpen water intertidal macroalgal populations
would be the least susceptible to oil damage as oil is often held away
from these ?opulations due to waQe reflection. Wave and current action
will also tend to remove deposited oil more quickly in these areas. 1In
wave sheltered fegions, rocky shore macroalgal populatibns tend to. be
more vulnerable to the-daméging effects of long—térm oiling. Salt ﬁarshes,
however, Qith'their shelter, poor fiushing characferistics, and ability

to retain oil are by far the most vulnerable populations of flora.




A reasonable protection plan would give salt marsh the highest priority
relative to other populations. The best protéétion'plan,would be one where
preventétive'measures were eﬁphized. It wéﬁld, thetefore, be advisable
in future plaﬁning toAstress-safe oil handling techniques and if possible
avoid oil handling orxr ‘tanker ;outlng in the V1c1n1ty of salt marsh.

o T An adcquate protectlon plan should also include the use of an oil
spill response group which could be called upon by DEP and/or DMR to

A offer advice during'majorvor»potentially threatening 0il spills. Such a.
group could also make reéOmmendations on cleanup techﬁiques. With the
marine flora, oil cléanup often involves the cutting of intertidal marine
plants. While this can remove,significant amounts of oil from oiled
shorelines, such cleanup.techniqueé can result in more damagé to plant
populations than would havé resulted if the oil were ailowed to remain.
Under some conditions harvesting would be advisable and under other-
conditions it wduld not. The ulfimate decision to harvest should be made
with a'better understanding of the multitude of factors involved. 1If the
harvesting of plants is décided upon.'there are ways that it may be done
' to minimize damage to plant populations.

"In the-author'é opinion, a convenient set of circumstances exists
which allows some generalization with regard to protection priorities for
mariné resources. It has already been stréssed that the majdr salt
maréhes should receivé the highest protecfion prioritf. Salt mérshes quite
often support mudflatsAatitheir base which are among the;most_vulnerableA
marine invertebrate habitats. Also, both salt marshes and ﬁudflats;are
important areas to many water birds. ;All_of this represents é convenient
set of circumstances for eétablishing gfoss pfotection pridritieé. It is

therefore recommended that the highest protection priority be given to

-




muéflat -~ salt marsh areas that are more extensive and/or pfoductive in
terms of marine invertebrates or watefbirds. Protecting these regions would,
in facf, protect areasvﬁontaining the most vulnerable and important marine,
resources.v Such a@gross”proteétion plan-cbuld and should bé compleméﬁted

by plans to protect other regidns that have been identified as vulnerable

and are capable of being protecfed.




IV. DAMAGE ASSESSMENT
A. Ecological Damage

Before any estimafes of damage are cénsidéred, it is important fov
make the distinction between monetary démagé or lqss and ecologicél
damage. It wouwld clearly be a mistake to place emphasis solely oh those
elemetnts thét had a cash value. There are‘certaihly those persons who
would claim that no écélogical disturbance should:be acéepted. While we
certainly do mnot uﬁderstaﬁdvﬁany of the systems we work ﬁith toAthe
extent that we cQuld predict.ali the important effects'df oii, it is
possible to define those major functions that are'among the most important.
Efforts should be.directéd toward preserving those éctivities, espéciaily
when they are important for functioning of éoastal ecosystems.

For the intertidal flora considered in this report, the major functions
include those of food production and providing ﬁabitat for fauna. Any 
damage rgsulting from oil spills that impairs to any significant extent =
thesérﬁunctions is clearly not acceptable. Sugh damage must not be
allowed under any circumstances, even if such daﬁage is not easiiy quantifiable
in a monetary sense.

It is indeed unfortunate that damage‘claims require that the injured
~ part éf a marine system have én established monetary Qalue. If a population
has no commercial value, it is valueless. As‘absurd és‘that stateﬁent
appears, it does in fact'represent the present stafe of affairs.  As biologists,
we know that many parts of the marine system have é great worth to the sysﬁem,’
but have no recognizea narket value. To declare valueless such things as |
many invertebrate larvae, and the primary producers that supply the biological
energy is wroﬁg. All this is said to emphasize_the need for e#amining and
protecting a great many facets of the marine system which do not have commercial

value.




B. Monetary Damage

Monetary damage to marine resources can be claimed if it cah be
shown that damage has taken place to a commercial resoﬁrce or resource
wﬁich has some fecognized monetary value.

A numbérbof criteria must often be met if oil damage is to be established.
Firstly, it is necessary that contamination by oil.ﬁas taken place.

Phbtographs and notes of contamination should be accompanied by the

sampling of the original oil cargo and oiled samplés of the marine resourée

in question. Here, it must be emphasized that the saﬁpling for oil contamination
should be started és soon as possible. In some instances, waiting a few days

or two weeks may not be adequate if oil quiﬁkly disburses or weathers chemically.
Ideaily,ra'time course of sampling Would allow a weathering, chemically

changing oil to be identified for a longer period of time as its weathering
characteristics could then be established. If‘heaQy oiling is anticipated, -
sampling before oiling océurs will provide valuable baéeliﬁe information on

oil contaﬁination before the spill arrives.

An important point to consider.is that sampling of initial oiling should
bg adequate. Oversampling is highly recommended; Not all the samples mneed
ever be analyzed, but may later be necessary if oiliﬁg is to be demonstrated
overllarge areas. It is necessary that the magnitude.of the oiled area be
determined. This caﬁ be accompiished by aerial photography, andAaccompénied
by observations made from a_bogt. It is, however, significant thaf oil
may be remobiliéed dﬁring the. first weeks or months and épread to other areas.
This movement may be subtle and not involve large masses of oil at any one
time.  Where oil persists, its spread should be examined at some period after

the initial spill.




Experience.following the NEW CONCORD oil spill suggested that oiling
“cannot easily be.visibly obsetved on many intertidal surfaces. Fortunately,
fringing Salt marsh along the Piscataqna River provioed an excellent
- background for observing oil contamination from a small_boat tTopinka,
1980).' It is suggested thatAthis is one‘of'tﬁe best methods forAdetermining
the eventual spread of oil, even if salt marsh is not thevmajor item of
concern.

Ultimately, one needs to determine the area affected, the density of
otganisms, and the degree (%) of loss. Piant loss may be assessed oy
biomass transects with respectito control areas, growth studies documenting
loss, or estimates of biomass harvested during cleanup. This product,
multiplied by a dollar Value will yield a damage estimate. Reasonable
allowances should also be made for 1ong—term damage if it is believed
that oil may persist for extended periods. For salt marshes and intertidalA
macroalgae the contaminated area may be multiplied by the plantvdensity
and the degree of loss. With salt marsnes; this loss may be expressed in
calories of salt.marsh'food lost to the system multiplied by $l/l0,000
Kal. For fucoid seaweeds on rocky shotes, the loss may be‘multiplied by
the value to seaweed harvesters or product value as determined by the
. Atlantic Laboratories in Waldoboro,‘Maine.

In addition to the previously mentioned methods for estimating
monetary damage, other asseesments are possible. Where appropriate, the
cost of habitat restoration may be claimed. If advisabie, funds.from
such claims might be used to physically and/or biologically.restore
regions such as salt marshes. Alternatively, auch funda could be used to

~ purchase similar habitat by the State which could be set aside as a




preserve. The loss of water bird habitat could also be claimed. Estimates
might be made of lostAbird production ér survival and the replacement
value of birds claimed. If oiled birds were found, direct claimé could

be made for replacement costs.,

The success of claims ultimately depends upon the supﬁort given to
appropriate scientific investigationé and the cooperation of the Attorney
General's Office. bBotﬁ must work together. While some claims for commercial
loss may be straight forward, it is iﬁportahf thét damage ﬁo traditionally
non-commercial marine resources also be evaluated. ASuéh evaluations
shoﬁld include attempts to place monetary values on ecologically important
-‘marine resources, In the final analysis, all iﬁportant marine resources
"must be valued if they are to be adeQuately protected. Some will argue
that the valuation of some non—commercial resoﬁrces is too arbifrary and
some of the methods used are not well SQbStantiated. We must admit that
to é large extent tﬁis is trué. While "absolute'" estimates of oil damage
to non-commercial resourtes.may not be éossiﬁle, reasonable démage.estimates

must, however, be sought to deter oil damage to these resources.
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. Table 1. Identification of Dominant Marine Flora by false-color
infrared aerial photography. An index to the aerial

survey.
Plant group or Location » o Color
"substrate ‘ T

Intertidal macfoalgae rocky shore V bright red-orange

Ascophyllum, Fucus and- ' : :

Chondrus -

Spartina alterniflora " lower salt marsh light purple, pink,

: B along creek or . blue, darker when un-

river margins der exposed

Juncus gerardi, Dis- - upper salt marsh greenish-gray, pink-

tichlis spicata and : near border of purple

Spartina patens ' bright red upland
broad leaf plants

Broadleaf upland upper fringe of " bright red

vegetation salt marsh - :

Mudflat A . upper salt marsh gfeen—brown

Mudflat ' lower shore clam- gray, blue gray
flats® : -

Water ' ponds, streams, " blue to black
rivers, open water ‘

Rock ' upper intertidal - white. to gray

on rocky shores

Sand sand beach ' white




~Table 2. Plant cover of dominant intertidal plants

‘Area of plant

Plant Group ‘ 1
cover (Km?*)

| Rocky shore macroalgae 7.7
Larger salt marshes 16.15
2.0

Fringing salt marsh




Table 3.

Major salt marsh areas.

Location

Small Point

Doughty CoVe

Mare Brook

Long Island

Wharton Point

Little River

Mill Brook

Cousins River
"Royal River
Presumpscat River

Spurwink River

Cod Rocks

Scarborough River

Fore River

Long Creek

10

11

12

13

14

15

.Chart overlay

I .
1T
1T

v

CITI

v

v

\Y

v

IX

VII

VII

VIII & IX
X

X

- Area (Km?)

0.26 -
0.07-

0.28




Table 4. Common Marine Flora in the vicinity of Casco Bay

Plant Habitat _  Importance of marine
' ' resource based on value
and extent of populations'..

comnercial ecological
importance importance
Ascophyllum nbdosum rocky shore ' +++ F++
Fucus veSicﬁZOSus | v focky shoré >  o+ ' + 4+
Fucus spiralis o ‘upper rocky shore _ fr » 4
Fucus spp. | rocky shore ‘ ++ ot
Chondrus erispus lower rocky shore . +%+ ++
Gigartina steZZaﬁa . lower rocky shore +++ : +
Lamin&ria spp- ‘subtidal rocky shofe + +++
Entéromorpha SppP. mudflat, rocky shore - | ++
Zostera marina mud-sand flat - - :f ++
Spartina alterniflora lower salt marsh - - R
Spartina patens upper salt marsh - | : | 4+
Juncus gerardi upper saly marsh - I
Distichlis spicataA uppef salt marsh = - ' 4+
Salicornia Spp. : upper salt marsh ‘ - . -
Scirpus spp. ' uppef sélt'marsh.> - _ 4+
Suaeda maritima upper salt mafsh - | -
Triglochin maritima extreme uppef salt - o+
marsh
Soii&ago sempervirens ‘upper salt marsh - S -
» border

Panticum vigatum _ upper salt marsh - - -
Atriple@ patula upper salt marsh - ‘ -

Typha spp. A : upper salt marsh - +
' ' border : :




Table 4. (Con't.)

Plant

KRosa rugosa

Ruppia

‘Salt marsh fucoids

Habitat

terrestrial salt
marsh fringe

salt marsh ponds

lower salt marsh

Importance of marine
resource based on value
and extent of populations’.

commercial ecological
importance importance
- +
+ ++

1. none -, little +, substantial ++, great +++




INTERTIDAL ZONATION (m)

TABLE 5
ROCKY SHORE- SITE |

FORT POINT, CAPE ELIZABETH

10
IS
20r
25
30
35
401
45
S50
S99
60 -
651

70- -




TABLE 6
ROCKY SHORE-SITE 2

CRESCENT BEACH, CAPE ELIZABETH

INTERTIDAL ZONATION (m )

-85+

10}

I5F

20
251

301 -

351
40}
45}
501
55/~

65}

70

75
80

60+

. eUs .
5 0% 5
-;0“ 'C"\ uf“ C“.po

0 e e e
I T
T -
L , I :
1




TABLE 7
SALT MARSH SITE 3

PRESUMPSCOT RIVER

1ol

1)
el ol

10
15
20
25
30+
35
401 |
45+ 4 o
50}
55
60

T T I

(m )

70
75
80
85
- %0
95
100+

INTERTIDAL ZONATION
! T T




(m)

INTERTIDAL ZONATION

210+

10+
20
30F

50k

60
70
80

S0

100k
| lOf
120t
130+
140
| 50F
|60t
170t
1 80}
190
200}

- TABLE 8
SALT MARSH -SITE 4

SCARBOROUGH RIVER

A
I\
&&9 @S\
\i\(q o
RO
0
oA
o .ot 0
O T\ g
IR VAN
AN o© & o
: 'OQ OC’ Q ¥ .0F O
°\(\ og (\0 \)C) . \\(\ \\(\
o o ot W o R




(m)

INTERTIDAL ZONATION

10
15
20
25
30
35

40

45
S0
55
60
65

70}

75
80
85
90

95

100

| 1O}

120

—

- TABLE 9

'SALT MARSH -SITE 6

WHARTONS POlNT




INTERTIDAL ZONATION (m)

TABLE 10
SALT MARSH-SITE 5

COUSINS RIVER

20} IA o
301 I
a0l | I
50} | ' -
60+
70}
80
90k
100
| 1o}
| 20}
130}
140}
150
160}
| 70}
180}
190
200L 1




~Table 11. Relative sensitivity to crude oil.

0il sensitivity

Ascopﬁyllum nodosum 3 o E +
Fucus vesticulosus ‘ . : v ’ +
Fucus_spiraiis »  f‘ | . +4+
Fucus spp. o : i | - L
.Chondpus crispus - o o+
Giraftina stellata - : ‘ .
Laminaria spp. . ' 0
Entefomorpha Spp.- ' ‘_ - +
Zoétera mdrinq . : +
Spartina'alterﬁiflora~ _ | +}+
Spartina patens ' L : Lot .
Juncus gerardi o _ o
Distichlis spicata ’ o +
Salicornia spp. , ' B bt
Seirpus spp. ‘ : ' o +
Suaeda maritima : A | ' : - -+
Triglochin maritima ' 0
SoZiddgo sempervirens o o .0
Pantcum virgatum . v -+
_Atripléx patula ' o +
Typha spp. | : v ' 0
Rosa rugosa ' : -0
‘Ruppia , ‘ o+

Salt marsh fucoids ’ , +

!. based on endogenous sensitivity and anticipated exposure.

Insensitive 0, lightly sensitive +, sensitive ++, very sensitive +++




