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1. SUMMARY

The marine resources of the Seaside AdJjunct to Kejimkujik

Nationat Park are contained_wlthln two large tidai lagoons
located behind sand beach-dune complexes which partially isolate
them from the sea. These Systems, along with four small

brackish-water headponds, have been described In terms of their
orilgin, geology, Physlography, morphoiogy, sediment types and
sedimentation brocesses, blology and input/output relationships.
The major emphasis has been placed on ldentification and
documentation of the biological habitats and communities present,
and the factors responsible for their development and
malintenance, with a view to making recommendations for
monitoring, conservation, and Preservation of these resources.

The major habitat types within the lagoon consists of high
salinlty coastal oceanic water, salt marshes, Intertidal sand and

mudfliats and subtldal mud flats. The pelagic community s
pPrimarily oceanic In nature there being little freshwater Input,
relfative to tidai exchange, to allow development of typlcally
estuarine communities.- Salt marsh habitats exist primarily on a
harrow band along the shore Zone, but occaslonally occur on
Isolated Islands on the higher Intertidal flats and, where
streams enter the lagoon, as larger meadows. Intertidal sand and

mud habltats are'poorly developed as a result of the Unstabllity
of substrates caused by high tidal current velocittes and the
coarse nature of sedimentary materials., The subtidal benthic
community is domlnated by eel grass beds located primarily In the
upper reaches of the basins,

The physical factors assocliated with these habitats,
Particuiarily the high current veloclities and resulting unstable
Substrates, leads to high commun [ ty diversity but low . Specles
diversity and pbresents an extremely lnterestlng environment for
both Interpretive and recreational activities.




2. INTRODUCT ION

The Seaside Adjunct to Kejimkujik Nationa! Park was acqulred
by Environment Canada Parks In 1984. As part of the informatlion
required for development of a Park Management Plan, the Acadia
Centre for Estuarine Research of Acadla University was
commisslioned to provide an inventory of the marine resources
contalned within the Ad Junct. This report presents the results
of our Investigatlions, which were carried out on three separate
site vislits during October 18-20, 1986; February 13-14, 1987; and
June 8-14, 1987.

2.1 Study Objectives

The major objective of the Marlne Resource Inventory was to
document the types of marine habltats present in the AdJunct and
to describe the major communitlies assoclated with each habitat.
In addition, It was deemed desirable to provide information,
where possible, on the functional aspects of the marine environ-
ments, with particular reference to the factors responslibie for
development and malntenance of the biologlcal resources. Infor-
mation of ¢this type is essential for future development of
realistic management plans. The specific objectives of the study
can be summarized as fol lows:

(1) to document, map and describe the marine habltats and
communities present;

(2) to describe the geological, physical and chemical

- characteristics of the marlne habltats;

(3) to Identlify and describe the principal geomorphological
and oceanographlic processes responsible for development
of the major marine habitats and the communities
assoclated with them;

(4) to evaluate the marine resources in terms of thelr
ecologlcal signiflicance, - sclentific Importance,
Interpretive value and recreational potential and
constraints;

(5) to make recommendations wlth regard to management,
preservation and conservation of the marine resources;
and, '

(8) to make recommendations on factors that should be
monlitored In  future to provide Indices of change In
processes and consequently In marine resources.

2.2 Complementary Studies

Although there are no published scientific studies deal ing
speclfically with the mar ine resources of the Seaside Adjunct, a
number of reports have been prepared as a result of studies
commissioned by various government agenclies prior to and after
acquislition of the Adjunct property by Environment Canada Parks.

An early study, conducted jointly by Environment Canada
Parks and the Nova Scotla Department of Lands and Forests (Anon,
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197?7?7), presents a brief description of the resources of the Woods

Property, as the Adjunct was then called, and an analyslis of |ts
potentlal for development, particularly in terms of recreation
and Iinterpretation. Mal tman (1879) provided an Intttal
blophysical classification of the Ad junct. This dealt primarily
with <classiflication of terrestrial vegetatlion types, but also
included Information on beach substrate types, sand dune
character and stabillity, location of clam flats, potentlal
bathing areas and access sltes to boatable waters. A more

Intensive blophysical analyslis by Hunter and Assocliates (1987)
produced an Ecological Land Classlification of the Adjunct.
Although this study also concentrated on the terrestrial systems
of the Adjunct, It provides some Information on marine ecological
units, marine geology, coastal physiography, climate and
Intertidal vegetatlion types. The only study dealling exclusively
with the marine resources of the AdJunct was conducted by Newell
(1985) who provided an analysis of the distribution, abundance
and age structure of clam (Mya arenaria) populatlons In Port Joll
and St. Catherines Basin. Newell'‘s study provides the primary
data base for assessing the extent of this resource and makes
recommendations for management and monitoring of the clam beds.

There have also been a number of studies which, although not
specific to the Adjunct, provide useful information relevant to

an evaluation of Its marlne resources. In a study designed to
give a general description of the Atlantic coastline of Nova
Scotla, Monroe (1882) provides Information on the “morpho-
..dynamics, shoreline types and beaches of the Port Mouton
penlinsula. A serles of studies by Pliper (1980) and Plper et
al. (1986) discusses substrate types, of fshore sediment

characteristics and sediment budgets for the offshore area of the
Ad junct.

A study of the winter feeding ecology of geese by Smith
(1985), although not conducted within the Ad junct, provides
Information on the distribution and abundance of Zostera
communities In Port Joli which borders part of the Adjunct.

.~
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3. STUDY AREA

3.1 lLocation and Access

The Seaside AdjJunct is located on the southwestern shore of
Nova Scotia (Figure 1) in Queens Cougty, approxlmgtely 25 km
southeast of the town of Liverpool (45 52' N and 64~ 50' W). It
forms the outermost part of a peninsula bordered by Port Joll Bay
on the southwest, Port Mouton Bay on the Northeast and the
Atlantic Ocean on the southeast.

The major marine systems of the Adjunct consist of Littie
Port Joll Basin and St. Catherines Basin. Little Port Joll Basin
occupies a total area of 124.7 hectares, and St. Catherines Basin
141.8 ha (Table 3), representing approximately 4.5 and 5.1%
respectively of the total area of the Adjunct. Both basins are
located along the southeast border of the peninsula and are
accessible mainly by foot or all-terraln-vehlcles from tralls
originating at Southwest Port Mouton and St. Catherines Rlver.
Access to both basins Is also possible by small watercraft from
the Atlantic Ocean via channels leading Into each basin.

In addlitlon to these major basins, four small coastal
brackish water ponds are located within the Adjunct. These
include Port Joli Headpond, Port Mouton Headpond and two ponds at
Boyd‘s Cove. Each of these ponds Is slituated adjJacent to the

ocean shorellne and is accessible by foot along tralls bordering
the shoregline.

3.2 Recent Hlistory

Ms. Judith Tulloch, a Historlan for Environment Canada
Parks, has documented the Human History of the Seaslide Adjunct.
Desplite early ownership of the property dating back to the early
1780's, little development of the lands took place untl! 1912
when Willlam A. Kinney attempted to develop a large working sheep
farm In the area of St. Catherlnes Basin. He |s reported to have
constructed a dyke at the east end of St. Catherlnes Basin In an
attempt to- drain and reclaim the salt marsh behind the dune
beach. This appears to have met with early fallure, however, and
In 1928 the property passed into the hands of the Port Joll
Sportsmen’s Club whose charter maintalned that the lands were to
provide sporting, hunting, angling and soclal activities for Iits
members. There Is also some Indicatlon that this group intended
to develop the property for sheep and horse breeding, but this
apparently never occurred and in 1936 the property was sold at a

tax sale to Edward and Frederick Burgess of Port Mouton. The
Burgesses harvested pulp but made little other use of the
property. In 1849 it was sold to Bourdette Wood who used the

property as a summer home unti! his death In 1957, after which
his son raised sheep on the lands and sold pulp to nearby mills.
In 1974 the property was expropriated by the provincial
government and In 1984 |t became federal property.
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i Table 3. Marine habltats of the Seaside AdJunct, KeJimku]jlk
National Park.

J?IE

Little Port Joli Basin St. Catherines Basin

Hablitat Type Area (ha) % Total Area Area (ha) % Total Area

§ Salt Marsh 29.4 23.5 41.9 29.6
Coarse Sand 21.8 17.4 22.8 16.1
Fine Sand 25.8 20.7 6.3 4.4

— " Eel Grass 34.5 27.7 » 38.9 27.4

- Mudf lat 13.4 10.7 31.9 22.5

— :

- Totals 124.7 100 141.8 100
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Despite private ownership dating back to the early 1780°'s,
the Adjunct property appears to have been used for many years by

local residents for recreational purposes. Although |t does not
appear that any of the marline resources present were ever
extensive enough to be commerclally Important, recreational

harvesting of soft-shelled clams and waterfowl hunting In the
area probably have a long history. There Is also some Iindicatlion
that Illegal harvesting of lobsters In the Basin Lake area was a

common practlice prlor to acquisition of the property by Parks
Canada.

3.3 Geological Features

The major geological features of the AdJunct have been
summarized by Hunter and Assoclates (1987). The Adjunct Is
situated on the tllted erosion surface of the Southern Upland of.
Nova Scotla, which Is composed primarily of slates, greywackes
and granltes. This Is underlain primarily by undeformed, Permo-
Carbonliferous plutonic rocks. A small area near Port Joli Is
underlain by older, Cambrian greywacke and slates of the
Goldenville Formation which Plper (1986) has suggested Is merely
a large roof pendant. This type of formation lIs actually more
characteristic of the Immediate area surrounding the Ad]Junct
(Kepple, 1979).

A thin rubbly layer of glaclal tlll covers the bedrock.

Bedrock granite Is vislble In many areas where it forms

- -outcroppings through the overburden. Druml!lins are rare. This
shallow moralne Is presumed to extend offshore as well (Piper,
1986) .

3.4 Coastal Physliography

The Adjunct Is located along the southern edge of a tilted
peneplain which rises from sea level along the Atlantic Coast to
600 m In Cape Breton. The landscape of the Adjunct Is strongly
glaciated, but of 1low rellef. The bedrock surface In the
Immediate area of the AdJunct Is rough, showling an abundance of
overdeepened basins oriented south-southwest, corresponding to a

major set of high angle faults (Fryson, 1966) . Three small
overdeepened basins occur at Port Mouton and a fourth small baslin
occurs south of Mouton Head. These features are thought to be

the results of sculpturing by fluvial processes during the

Tertlary and glacial quarrying and meltwater erosion during the
Pleistocene (King, 1972).

The coastline of the Adjunct Is Irregular and rocky, sloping

gently landward and to the sea. The most seaward shorellne
¢ontains two large sandy beaches separated from each other by a
granite headland. The development and maintenance of these
beaches appears to be associated wlith the presence of protrudling
headlands that provide “anchor" points and protection from
eroslion processes assoclated wlith longshore transport. The

remainder of the shoreline consists mostily of exposed cobble



~mld-—bay barriler beaches, and an embayed

beaches Interrupted with pebble-cobbie pocket and steep shingle
beaches (Monroe, 1979) reflecting the low avallablility of

sedimentary materlals avallable for sand beach formation In the
area (Piper, 1986).

The two large tidal

of the Adjunct are almost completely separated from the sea by
sand beach-dune complexes which appear to be slowly migrating
landward in response to rising sea levels. These dunes are In an
early successional stage and consist of only a primary dune
backed on the landward side by tidal flats. There are no
secondary dunes Present. . A single tida! channel through the dune
connects each lagoon to the sea. Both lagoons contain extenslive
sediment deposits, much of which have been bullt up to Intertidal
positions and large areas become exposed tidal flats at low tide.

In  some areas these flats have become covered by emergent salt-
water vegetation and form marsh systems.

3.5 Origin of Coastal Lagoons

The origin and development of the marine lagoons of the
Ad junct Is most likely a result of rising sea level In
combination with the development of a barrier beach.

Slowly rising sea levels over the last 10,000 yYears have
resulited In the overal | form of the Atlantic coastilne of Nova
Scotla belng one of submergence, with drowned river valleys and

shorel ine morphoiogy
(Plper et a1., 1986) . Nova Scotla has exper|enced a varlable
rate of sea level rise over the last 7000 vyears. in the region

of the AdJjunct relative sea level rlse has been estimated at
about 30 cm/century. Most of thls rise has been the result of
the subsidence of land relative to the sea, the rise In eustatic
sea leve] beling only about sSix cm per'century (Grant, 1987).

At the helght of the last glaciation, some 20,000 vears ago, -
Nova Scotia and Its present continental sheif were completely Ice
covered., During the Holocene transgresslon, which began about
18,000 years ago,* the Ice gradually retreated and by 11,000 Bp
had receded behind the present coastl!ine. Dur Ing this
transgression glaclal tii11 was deposited beneath the retreating
lce. This till was composed of relatively unconsol idated
sediment and was easily eroded. However, as sea level rapidly
rose In response to the retreating Ice cover, the supply of new
sediments necessary to malntain the beaches was Iinsufficlent and
the beach Systems began a landward transgression which stit!
continues today In " response to the rising sea level (Plper,
1980) . Evidence that this process is stiti occurring within the
Adjunct can be seen In drowned tree stumps, submerged peat and

overriding barrier beaches along the the shorel lnes of both St.
Catherines and Little Port Joii beaches.

The tandward migration of the beach-dune complexes has
probably been slowed somewhat as a result of the protectlion
afforded by the ad jacent granite headlands which modify the
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effects of strong storm waves and hinder longshore transport of
sediments away from the beaches. There Is evidence from aerial
photography that the lagoons perlodically become Isolated from
the sea by sedimentation of llttoral drift at the tldal inlets.
However, as a result of strong storm events, breakthroughs occur
and strong  tidal currents, in comblination with a paucity of
sediments, prevent the openings from becoming permanently closed.

3.6 Climatic Condlitlions

Climatic condlitions at locatlons near the Adjunct (Table 1)
have been summarized by Hunter and Assoclates (1987). o Alr
temperatures range from a mean dally maximum of about 11.5 “C to
a mean daily minimum of about 2.7 ~C. The annual mean Is about 7

C. Total annual preclipitation averages about 130 cm of whlilch
approximately 110 cm falls as raln and the remainder as snow.
The proximity of the ocean results In high humidity and frequent
fog and s significant In moderating climatic conditlons to
produce a prolonged gradual transition between seasons. Winters
are relatively mild and short, summers cool and short and both
spring and fall tend to be long and cool.

Seawater temperatures reach thelr maximum of 10-13 oC In
late July and August. The sea |Is generally lIce free durling
winter months but some drift lce occurs offshore from April to
May. Prevalllng winds blow from the northwest quadrant during

the winter and early spring and from the southwest during summer

"Tand early autumn. Wind veloclities vary seasonally, wlith mean
velocitlies of 20-25 km/hr during the winter declining to about 15

Km/hr during late summer (Table 2 and Figure 2).

3.7 Offshore Oceanic Surface Currents

Offshore surface sea water clrculation Iin the area
Immediately adjacent to the Adjunct is dominated by a southwest
drift along the shore which has a dlistinct seasonal pattern
(Bumpus and Lanzler, 1865) . The southwest drift Is most fully
developed during the spring and tends to break down during the
summer, when a-northeast drift extends Inshore from the area of
Browns Bank. The southwest drift Is agaln formed during the
autumn and winter, but Is somewhat less distinct than during the
spring. Surface current veloclties are generally low, ranging
from less than one to about three knots. Further offshore, over
the edge of the continental shelf, the surface circulation Is
characterized by a general off-shelf movement In a northeast or
easterly drift.

3.8 Marine Habitats

Desplte thelr relatively small slize, the marine systems of
the Adjunct contaln a surprising varlety of marine habitats.
This diverslity primarily results from the low topography, the

strong tidal mixing that occurs, and the effect that tidal
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JAN  FEB  MAR
JANV  FEV  MARS

N 78 63 77
NE 113 123 150
E 31 52 47
SE 58 59 72
S 54 65 15
sw 45 153 187
w 17.6 185 146

NW 345 299 246
Calm 0.0 01 00

N 7.1 159 171
NE 264 278 235
E 240 308 213
SE 280 276 240
S 27.7 289 226
swW 254 246 238
W 17.7 183 192
NW 200 197 213
All Directions .

218 226 218_

Maximum Hourly Speed

82 8 80
N NE SvL

APR
AVR

7.3
19.1
47
67
9.5
20.2
10.8
21.6
0.1

18.9
23.0
19.7
19.3
18.6
214
17.7
19.9

20.3

72
SwW

Lal. 43°59'N  Long. 064°40'W
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Table 2. Summary of wind velocity and direction at Western Head,'
Nova Scotia (from Environment Canada Atmospheric Environment Service)

WESTERN HEAD (AUT) N.S. PERIOD 1963.80 PERIODE

Elevation 9 m Altitude

ocT

8.6
11.8
25
5.6
9.5
24.7
16.1
22.0

MAY JUN  JUL  AUG  SEP -
MAL  JUN  JUIL  AOUT SEPT OCT
PERCENTAGE FREQUENCY
FREQUENCE EN %
6.1 42 33 44 67
189 164 99 102 148
52 29 21 17 35
52 39 41 39 65
130 125 102 96 94
303 416 537 465 282
78 79 71 96 102
134 105 94 137 205
0.t 01 02 04 02

16.6
20.5
15.0
15.5
19.7
20.3
16.1
20.3

19.2

63
SE

12.3
16.8
13.0
13.6
18.8
18.5
14.7
18.4

17.3

68
NE

8.7
13.2

9.9
11.6
15.7
15.8
12.3
16.5

14.7

72
SE

9.8
14.6

9.2
11.7
18.1
15.5
13.2
17.2

15.1

71
NE

119
16.7
14.1
19.0
20.8
19.5
13.7
16.6

17.2

84

0.2

MEAN WIND SPEED IN KILOMETRES PER HOUR
VITESSE MOYENNE DES VENTS EN KILOMETRES PAR HEURE

18.7
20.6
19.1
22.4
23.6
215
16.2
17.8

19.3

101
S

NOV  DEC YEAR "

NOV  DEC ANNUEL
95 91 68 N
131 117 137 NE
50 41 37 E
80 82 59 SE
68 6.1 88 S
166 137 270  sw
161 153 126 W
249 318 214 NW
00 00 0.1 Calme
166 160 14.8 N
257 256 212 NE
276 294 194 E
27.1 336 211 SE
289 303 228 S
252 251 214 Sw
159 184 16.0 W
177 19.1 186 NW
Toutes directions

216 226 195
Vitesse horaire maximale

77 ° 76 101

NE S S
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turbulence has on the sorting and distribution of sediment types.
Thils Is particularly evident In Intertidal areas where sediment
types range from fine siits to coarse sands.

Bordering the shoreline of each lagoon is a narrow
intertidal salt marsh habitat characterized primarily by Spartina
alterniflora near the low water leve] and Spartina patens along
the upper shoreward regions. This habitat reaches varyling levels
of development depending on the slope of the Iintertidal zone and
stability of the underlying sediments. Salt marsh habltats also
occur In intertidal areas where tildal flats are relatively high
and sedlments are Composed of fine sands and muds., The remalnder
of the Intertidai area Is characterized by the presence of tidal
sand- or mud-~flat habitats and a large diversity of community
types corresponding to the variety of sediment types. In areas
where sedliments are stable and refatlively fine gralned, benthic
algae colonlize the surface, In some cases forming dense algal
mats. These areas also contaln the greatest abundance of benthic
Infauna. Epifauna however are generally rare. Areas dominated
by coarser sediments Indicative of stronger tidal currents, tend
to be less'stable, and thls prevents any extenslve dévelopment of
benthic communities. Such communities are dominated by animals
with shorter |[]fe Cycles and greater colonizing abllity.

The sub-tidal habltats range from bedrock .and boulders
exXposed by tidal Scouring In the main channels, to very filne mud
sand bottoms In the Innermost areas of the lagoons. Macroscopic
algal communities develop when there are sultable rocky
.Substrates for attachment and the mud-sand bottoms are colonized
by eelgrass communities.

VThe belaglc habltats of the lagoons, In contrast to the
benthic, exhibit much less diversity and are primarily oceanic In
nature. The lack of any silgnificant freshwater Input and the

large tidal exchange prevent the development of extensive
estuarine or brackish water habltats, and strong tidal mixing
results In Iittle vertical or horizontal heterogeneity In the
pelagic system between different areas of the basin.

Table 3 |ists the major marine hablitats ldentified during
this study, together with the area occupled by each, and Flgures
27 and 28 present maps of each basin I'llustrating the distribu-
tions of the varlous hablitat types.
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4. METHODOLOGY

4.1 Slte Visits

Three site visits were made to the Adjunct. The first, on
October 18-20, 1986, involved sampling at 15 dlfferent stations
to provide a general evaluation of the ma jor morphological,
Physical, chemlcal and blological characteristics of each slite.

Particular emphasis was placed on determining the potential for
stratification of the water column and ldentification of pelagic
and benthic habitats and community types at each station. ' This
Information was used to design the samplling programme and
logistics for a more Iintensive site visit that took place from
June 8-14, 1987 when most of the field work was carried out. An
additlonal slte visit was made on February 14-15, 1987 to
evaluate winter habitat condltions, primarily with regard to
development and extent of ice cover.

4.2 Field Procedures

4.2.1 Selectlion of Sample Sites and Transect Locatlons

Sampling sites and transect locations were selected on a
non-random basis and designed to Include measurements and
collections at a minimum of one station wlthin each of the ma jor
habitat . types. Potential sampling sites were | Initlally
ldentifled by examination of aerlal photographs and finallzed
during site visits. A total of 49 stations were sampled through-

out the survey. Appendix B presents a series of maps Indicating
the location of sample stations. At most stations duplicate
samples were taken for: analysls, but at three stations,
corresponding to the inlets of each of the major basins, a time-
serles analyslis of physical, chemical and blological parameters

of the water column over a tlidal cycle was conducted to provide
an Input-output analysis of the pelagic system.

.~

4.2.2 Morphological Characteristics

A  bathymetric survey, necessary for determination of the
morphological characteristics of each basln, was . conducted on
site wusing a metered rod and/or marked lead!ine. The deeper
‘areas of channels and shal lower soft-bottom areas were traversed
by - smai |l watercraft. Shallow areas with hard bottoms were
traversed by foot. For the tldal lagoons, depth soundings were
converted to datum usling tide tables, times of soundings and
reference depths obtalned from time-series measurements of depths
durdng tidal cycles. The data obtalned were used to produce
bathymetric maps from which the morphological characteristics of

each were determined uUsing standard cartometric and planimetric
techniques.
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4.2.3 Physical, Chemical and Blological Variables

Table 4 |ists the ma jor physical, chemical and blological
varlables measured and summarlzes the techniques emp loyed.
Flgures 3a-] Illustrate the fleld pbrocedures assoclated with

these techniques.

The particular varlables measured at each sampling station

var led depending on the type of habltat belng sampled. ‘Most
measurements of physical and chemical factors were confined to
the pelagic system. Physical factors measured for the benthic
habltats consisted primarily of determination of sediment types
using a subjectlive ClasslIficatlon based on visual Inspectlon
which Included the following five categories: fine muds; fine
sand; coarse sand; pebbles and bedrock. Addltlonal physical

factors examined for sediments Iincluded processes assoclated with

beach and tidal flat development dynamics, and erosion and
accretion processes.

The type of biological samples taken also varied with the
habitat type being studied. Sampling of the pelaglic system
Included water samplies for phytoplankton and chlorophyl|
analysis, horlzontal zooplankton tows and beach seines for hekton.
Benthic sampjles for Infauna on exposed tidal flats were taken
with a 232 cm“ box cover to a depth of 20 cm and sieved through a
#20 (850 um) screen. A general survey of the distribution of
subtidal benthic fauna and flora was conducted Iin conjunction
wlith therbathymetrlc survey using a viewlng box.

General habltat types were documented using 35 mm color
'photography.

4.2.4 Preservation Techniques

All blological collections of animals were labelled at the
slte and preserved using 10 % buffered formalin. Representative

samples of algal macrophytes were preserved by drying and
pressing. *

Samp les taken for water quality analysls were elther

processed the same day or frozen for subsequent analysis in the
laboratory. :
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Table 4. Summary of variables measured and techniques employed for data
collection and samptle analysis '

Morphoiogical Variables Measurement Technique

Drainage Basin Area Planimetry on appropriately scaled
topographic maps

Surface Area Planimetry on aerial photographs
and/or fileld survey measurements

Volume - Hypsographic curves constructed from
bathymetric surveys conducted with a
recording depth sounder

-
=

| Shoreline Length Cartometric measurement from aerial
. : photographs and/or  land survey
- measurements
Maximum Length ’ Cartometric measurement from aerlal
photographs and/or land survey
measurements
Max imum Breadth Cartometric measurement from aerial
photographs and/or land survey
measurements
i Maximum Depth _ Bathymetric survey
Mean Depth Calculation from surface area and
volume :
Relative Depth Calculation from maximum depth .and

surface area

Development of Volume Calculation from mean and max mum
depth

Shoreline Development Calculation from shorelline length and
e surface area

Physical Varlables
nght'Attehuation Secchl dlsc; underwater irradiometer
Euphotlc Zone Depth Calculatlion from irradiometer
measurements
. Water Temperature Portable YSI temperature probe
Specific Conductance Portable cohductlvity meter

Suspended Particulate Matter Gravimetric on filtered water samples




Table 4 Contlinued

Chemlcal Variables

Salinlty
pH- -
Alkallnity .

Dissolved O2

Nitrate
Phosphate
Silica

Blological Varjables

Chlorophyli|
Phytoplankton

) Zooplgpkton

Aquatic Macrophytes

Benthos

Fish

Waterfowl

18

Portable sallnometer

Portable pH meter

HACH kit (H,S0,, titration)

Winkler Titration (w/ azide modifica—
tion)

HACH kit (Cadmium Reduction Method)
HACH kit (Stannaver Method)

HACH kit (Heteropoly Blue Method)

Acetone extractIon/spectrophotometrlc
measurement

Horizontal and vertical tows with 64
um nets/mlcroscopic counting

Horizontal and vertical net tows with
160 um nets/microscoplc counting

Visual slghtings using shorel ine
surveys

Benth!c dredge sampling along
transects/slevlng, sorting and
count ing

Beach seines at selected sites/sorting
and counting

Visual sightings during site visits
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Figure 3g. Shrimp seine collections
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Figure 3h. Beach seine collections
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5. RESULTS
5.1 Marine Lagoons

5.1.1 Physical Characteristics

5.1.1:1 Bathymetry and Morphology - -

A bathymetric map of each study slite |Is presented In
Flgures 29 and 30. Although sufficlent depth Information was
obtained to allow characterization of the major topographic
features of each basin, the large variations In tidal states at
different polints within each basin made correction for depth to a

common elevation difflcult. More adequate resolution would
requlire an Intensive programme for obtalning simultaneous tide
records at several polnts withln each basin. As a result, the

depths reported here should be consldered approximate (the error
Ils estimated to be 10-20%).

The morphology and resulting bathymetry of both Little Port
Joll and sSt. Catherines Basin are complex but very similar. They
represent classlic examples of flood-tidal delta-systems formed |n

mesotidal Intets (Boothroyd, 1985). Flood~tidal deltas are
characterized by an accumulation of sand landward to the Intet
throat, followed by meandering channels, sandy polnt bars and
- . tldal .flats distal to the Inlet. The more Inland reaches are

sltes of mud deposition.

Figures 4 and 5§ are aerlal photographs of St. Catherines and
Littlie Port Joll Basins, Iindicating the morphologlical character-
Istics typlcally assoclated with systems of thls type. The ma jor
components Include: (1) a flood ramp with a seaward dipping
surface dominated by flood-tldal currents, (2) a flood channel
extending Into the lagoon as a continuatlon of the flood ramp,
(3) an ebb _shleld, a topographically high landward margin of the
delta that protects portions of the tidal flats from modlficatlon
by ebb-tlidal currents, (4) an ebb spit formed by ebb-tidal cur-
rents with some Interaction by flood currents and (5) splllover
lobes which are bowlike features formed mostly as a result of
ebb-tldal current flow over low areas of the ebb shield.

- : Further away from the Inlets meandering tldal channels and
. small tributary channels predominate. A large proportion of the
tidal prism of water that covers the flats at high tide travels
via the larger channels that tend to follow the landward border
of the lagoon. Minor channels adjoin these larger channels and
act as both tributaries and distributarles meandering around the
tida!l flats. Flats vegetated with salt-marsh grasses are charac-
terized by channels that wind around them producing roughly
clrcular shapes. Observatlion of historical aerlal photographs
Iindicate that these channels migrate over a period of several
years causing conslderable varlation in the location of the
vegetated flats. There Is [lttle evidence of bulldup of natural
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levees along the edges of these flats, which Is characteristic of
more traditional salt-marsh systems, perhaps because of the
relatively large current velocitles present and the coarse nature
of the sedimentary materlal avallable.

Eventually, Iin areas most distal to the Inlet, channels
become less distinct. At the upper end of Port Joli Basln a
major tidal channel contlinues through a narrow constriction Into
a long neck that leads to Baslin Lake. Shortly after entering

Basin Lake the channel terminates In a relatively deep hole, the
origin of which Is unclear.

Depths at mean low water are variable within dlfferent areas
of the Basins. The tidal channels are dgenerally the deepest area
and must be closely adhered to when travelling by boat at low
tide. There Is considerable varlation In elevatlons of the tidal
flats, but on average they are less than 0.5 m above mean | ow
water. :

56.1.1.2 Sediments

5.1.1.2.1 Sources and Sinks

Processes that might yleld sediment for the lagoon systems
of the Adjunct Include erosion of offshore shoals and shoreline
cliffs, longshore transport, rilver Inputs and wind transport of
.sand-dune materials.

Although the Immediate coastliine of the Ad Junct Is well
exposed to the ocean wave climate, the lack of easlly erodable
drumiins along the coast resuits In low shoreline erosion rates

and a limlted supply of unconsolldated material avallable for
beach development (Piper et al., 1986). ExIsting beaches are
composed mainly of relic sediment. There Is llttle evidence
that shorel Ine erosion within the lagoons contributes
significantly to avallable sediments; most of the shoreline
conslists of rocky materlals and the small amount of erodable
material present Is stablillzed by salt marsh vegetation.

Sediment contribution by stream Inputs also appears to be minor.
The drainage basins of the lagoon are not easlly erodable and
there Is little evidence of sediment accumulation where streams
enter the lagoons.

The main source of sediment appears to be sand originating
from the seaward side and belng moved by longshore transport to
the tidal Inlets where |t becomes trapped and washed Iinto the
lagoons on flood tides to form tidal deltas. Although the strong
tidal currents within the entrance of each lagoon tend to keep
these systems open, It appears that under certain conditions,
perhaps mostly assoclated wilth strong storm events moving large
quantities of sediment, the lagoon entrances periodically become
flliled tIsolating the lagoons from the sea. Aertal photographs
show that this occurred about 19565 at the entrance to St.
Catherines Basin (Figure 6).
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Wind-borne sediments originating from the beach dune systems

are also probably Important sources of sediment accumuiating in
the lagoons. There Is evidence that the coastal dunes were much
larger at one time (letter of Windsor Wood, 1986), and are now

slowly eroding, with deposlition occurring within the lagoon just
behind the dune complexes.

5.1.1.2.2 Sediment Types and Distributlion

The large varlations In current veloclities resulting from
tldal cycle flushing, in combination with the complex morphology
of the lagoons, creates a heterogenous environment with respect
to sediment types and distribution.: Sediment types are typlically
distributed as those of a flood tidal delta -system (Boothroyd,

1978) ; sediment size decreases progressively up the Inlet
proceeding - from the major channels and also with increasing
elevation on the tidal flats. Filgures 7 and 8 |llustrate the
sediment types and distributlions for Little Port Joil and St.

Catherines Basin resbectlvely.

The non-vegetated Intertidal zone can be subdlivided into two
maln sedimentary domalins: (1) upper Intertidal flats which are
relatively low sloping features completely exposed at low tlide
and containing flne sands consolldated to varylng degrees by
benthic algal and bacterial communitles; (2) low intertidal sand
bodies composed of relatively unconsolidated medium to coarse

..sands _exposed for about one-half of the tidal cycle and thereby

‘experlénclng near equal periods of suspenslion and sedimentation
and reworking by tidal currents.

. The Inlet channels tend to be scoured out,  leaving a
gravelly bottom contalining very coarse sands, shells and pebbles.
Further up the channels where current velocitles are somewhat
less, the bottom often consists of a bare compacted sand which
appears to be partly organic and contains a layer of benthic
dlatoms at the surface. Benthic diatom “slicks" are Important In
diminishing re;yspenslon of sediments.

Fine sands and muds are most promlnent In the subtidal! upper
reaches of the lagoons, primarily where eel grass beds tend to
trap sediments. In many of these areas the sediments are very
soft and malodorous because of anaerobic conditions resulting
from the decay of large amounts of organic matter, and the
production of hydrogen sulphide and other marsh gases.

5.1.1.3 Water Movements

5.1.1.3.1 Tides

Water circulation Iin the lagoons is domlnated by tidal
exchange with offshore oceanic water. Although a number of smail
streams and creeks enter the lagoons, thelr contribution Is small
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and has little Influence on circuiatlion patterns. Furthermore,
the shallow nature of the lagoons, combined with a [Imited fetch
and lack of large expanses of open water, make wind-induced

clrculation insigniflicant.

The tidal regime Is seml-diurnal. Tidal amplitude in the
Iimmedliate area, bpased on tlde table data for Port Mouton,
averages 1.5 m with a maximum of about 2.2 m. This Indicates
that the system Is at the lower end of the mesotidal range.

There appear to be conslderable differences, however, between the
tlidal amp! ltudes predicted for Port Mouton and those that occur
within the Baslins of the Adjunct. Measurements of tidal
ampl itudes at the three anchor statlons corresponding to the
inlets of each basin (Table 5) Indicate that tidal amplitudes
were only 30 to 50% of those predicted for Port Mouton. The
difference Is greater for Little Port Joil Basin than for St.
Catherines Basin. Measurements of times of low and high tldes at
these same ‘statlons also Indicate significant differences between
these Basins and Port Mouton, as well as between each Basin. At
the Inlets to Little Port Joll Basin and Basin Lake, the times of
low and high tide lagged approximately 2 and 3 hours,
respectively, behind times predicted for Port Mouton. At the
intet to St. Catherines Baslin, the time dilfference was less,
about one hour, but occurred In the opposite directlion, 1.e., the
times of low and high tide preceeded those predicted for Port
Mouton. These variatlions are probably a reflectlon of the
complex morphology of the area wlthin each Basin and perhaps also
the offshore topography near the entrance of the Baslins.

5.1.1.3.2 Currents

The bathymetry of the Baslins generally reflects the current
patterns and velocitlies, the deeper areas appearing wherever
currents are strongest and the shallower areas where currents are
weakest. Most of the water moving Into and out of the lagoons
travels along well-defined channels and spills over onto the
tidal flats only during a short perfod near high water.

Direct measurements of current veloclitles made at the anchor
statlions over tlidal cycles Indicate that near the Inlets, where
veloclties would tend to be greatest, current speeds in excess of
1 m/sec are common. The largest veloclities were recorded at the
bridge between Little Port Joll Basin and Basin Lake where values
greater than 2 m/sec were observed. It Is liKely that current
veloclties here are greater than anywhere else due to the narrow
constrictlion leading Into Basin Lake, An exceptlion may be the
outermost area of St. Catherlines Basin just within lts narrow
entrance. Although no current measurements were made at this
slte, primarily because of the difficulty of establlishing an
‘anchor station in the raplidiy moving water, it Is probable that
current velocltles are comparable, If not greater, than those
observed at the Baslin Lake bridge.

The varlations In current velocities measured during tidal
cycles are indicated in Filgures 9 to 13. As with tidal
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Table 5. Comparison of times of high and low water and tidal amplitudes
at varlous [{ocations In the marine basins of the Adjunct with those
predicted for Port Mouton by tide tables.

Time of Time of Tldal
Date Location* Low Tide High Tide Amp | {tude (m)

June 8, 1987 Statlon A 15:15 - 0.4
Port Mouton 11:41 - 1.2
June 9, 1987 Station B - 15:45 0.4
Port Mouton - 19:02 1.4
June 10, 1987 Station A - 07:52 0.6
Port Mouton - 10:15 1.2
June 12, 1987 Station C 14:30 - 0.6
Port Mouton 15:26 - 1.3
June 15, 1987 Station C 12:00 - 1.0
Port Mouton 12:22 - ’ 1.7

* Station A - Port Joll - Basin Lake Bridge

Station B - Entrance to Port Joll Basin
Station C - Eptrance to St. Catherlnes Basin
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figure 15a.

Figure 15b.
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Winter ice conditions: Basin Lake looking west

Winter ice conditions: Channel between Little
Port Joli Basin and Basin Lake Tooking North
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from percent light transmisslion measurements taken during the
tidal cycle studies were always low, ranging from 0.34 to 0.82
and Secchl disc observations at other stations (Table 6) were
usually greater than the total depth. These results Indlicate
that In most areas of the lagoons sufficlent |ight penetrates to

the bottom to support photosynthesis by benthlic primary
producers.

The major factors that tend to attenuate I 1ght Include
suspended particulate matter (SPM), colored dissolved organic
compounds and phytoplankton chlorophyl . SPM concentratlions were

always low (< 15 mg/! In most cases) and reflect the pauclity of
flne sediments avallable for resuspenslion in areas near the outer
reaches of the lagoons. Fine sediments, present Iin some of the
deeper areas of the channels and in the upper reaches of the
lagoons, appear to be stablllzed by elther benthic microorganisms
growing on the surface or eelgrass stands, both of which are

Known for - thelir abllity to Immobillze sediments and inhiblit
resuspension.

Dissolved organic materials, particularly humic acids
originating from coniferous drainage basins, such as those of the
Ad junct, can be Iimportant In attenuating llight. Observatlions of

water color Indicate that these materials do not accumulate to
any great extent In the lagoons, although they undoubtedly enter
the lagoon systems via streams and brooks. The high tidal

flushing quickly dilutes this input.
Chlorophyl !l concentrations (Table 6) are also low (< 4 ug/!l)
and contrlbute little to |ight attenuation.

5.1.2 Chemlcal Characteristics

5.1.2.1 sSalinity

Variations In salinity within different areas of each basin

were measured on a flood tide during the fall site visit. In
general, surfate waters become more saline In the seaward
direction. The lowest salinlities were recorded In_surface waters
of Basln Lake which ranged between 24.7 to 25.3 ©°/oo. Highest

salinities were observed near the entrance to each basin and were
on the order of 28 o/oo In Little Port Joll Basin and 30 O/oo in
St. Catherlnes Basin. The difference between basins iIs probably
more a reflectlon of measurements beling made at slightly
different stages of the tldal cycle rather than to dlfferences

resulting from the relative contribution of freshwater Iinputs to
each basin.

Vertical stratification In salinlty was observed at only two
stations, both located within the upper reaches of Basin Lake,
where differences of slightly less than 5 o/oo between surface
and bottom waters were observed. This stratification probably
results partly from the presence of dense stands of Zostera,
which tend to baffle water movements, preventing mixing of bottom



Table 6.
selected locations In the marine basins.
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Light extinction coefficlents, Secchi disc and chlorophyl| measurements at

Extinctlon Secchi Chiorophy!|

Date Locatlon Coefficient Depth (m) (ug/1)
Oct. 18/86 Basin Lake (Sta 1) - 2.3 <1.0
Oct. 18/86 Basin Lake (Sta 3) - >Bottom 1.2
_Oct. 18/86 Port Joli Basin (Sta 6) - " <1.0
Oct. 18786 Port Joli Basln (Sta 7) - " <1
Oct. 19/86 St. Catherines Basin (Sta 1) = " -
Oct. 19/86 St. Catherines Basin (Sta 2) - " <1.0
Oct. 19/86 St. Catherines Basin (Sta 3) - " <1.0
Oct. 19/86 St. Catherines Basin (Sta 4) - " 4.1
Oct. 19/86 St. Catherlnes Basin (Sta 5) - "
Oct. 19/86 St. Catherines Basin (Sta 6) - " 2.3
Oct. 19/86 St. Catherines Basin (Sta 7) - "
Oct. t19/86 St. Catherines Basin (Sta 8) - "
June 8/87 Port Joll Basin Bridge 0.82 - 2.1
June 9/87 Port Joll Basin Channel 0.45 - 1.1
June 10/87 Port Joll Basin Bridge 0.75 - <1.0
June 12/87 St. Catherines Basin Channel 0.43 - <1.0
June 15/87 St. Catherines Basin Channel 0.34 - <1.0
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and surface waters, and partly from reduced turbulence resulting
from the lower current velocities characteristic of the Upper
reaches of the lagoons. In addition, muddy bottoms, which are
characteristic of Zostera beds, tend to retaln waters of higher
salinlity as the tide recedes. The lack of slignificant sallinity
stratification In  the upper reaches of St. Cather ines Basin,
where dense stands of Zostera also occur, Is probably due to the
shal lower depths compared to Basin Lake, and the more open nature
of this area with regard to water circulation.

5.1.2.2 Nutrients and pH

Measurements of silica, nitrogen and phosphorus, the major
timiting micronutrients requlred for growth of phytosynthic
organisms, were always low (Tables 7-9) and characteristic of
levels occurring In coastal oceanic waters., There was little
consistent variation between the different areas sampled.

Values of .pH ranged from 6.90 to 7.85, belng generally
lowest In waters of lower sallnity and'hlghest In waters of high
salinity, which reflects the relatively poor buffering capacity
of freshwater inputs and the high buffering capacity of seawater.

5.1.2.3 Dissolved Oxygen

Dissolved oxygen concentrations both In surface and bottom
waters were high at all stations sampled. Percent oxygen
saturation values were also high and In some cases exceeded 100%.
Such Instances of sSupersaturation might result elther from
trapping of alr bubbles within breaking waves, which requlre some

time to diffuse to equllibrium, or from OoXygen production by
submersed but Irradiated sea grasses. ’

5.1.3 Input/Output Relatlonships

In an attempt to determine the nature of tnput/output
retationships between the mar ine lagoons and the offshore oceanic
system, several stations located near the Infets to each basin
(Flgure 18) were occupled and measurements of various parameters
taken at Iintervals over the tidal cycle. The results are
presented In Tables 10 to 14 and Figure t1s6a-e.

The most obvious exchanges occurring are those related to
salinlty and temperature. In most cases flood waters are of
higher sallnity and lower temperature, indicative of the Input of
cold oceanic water, and ebb waters are of lower salinity and
higher temperature, indicative of the outflow of freshwater
entering the lagoons from the dralnage basin and warming of
shal lower waters. This trend was observed at all statlions except
two, both of which were located near the entrance to St.
Catherines Basin (Tables 13, 14) . In these instances waters
measured durlng the flood tide were composed of coid, {ower
sallnity waters, whereas ebb waters consisted of warm, higher
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salinity waters. We are wunable to provide an unequlivocal
explanation for these observations. It Is doubtful that the
Input of low sallinity water from the ocean system Is associated
with nearby inputs from rivers, since there are no large rivers
In the Immediate area. An output of high salinity water might
suggest significant evaporation occurring within the basin but
this also seems unlikely since weather conditlions at this time

were generally cool and humid. One possibility, related to the
location of our sampling stations, is that a complex circulation
pattern exlsts in which flood waters tend to move Into the basin
on one side of the channel whille ebb waters are stil| moving out
on the opposite side. This phenomenon " iIs more commonly
assoclated with some larger estuarine systems than that at sSt.
Catherines Basin. Lateral stratification of this kind has been

recorded for the Cornwallis Rlver, N.S. (Daborn and Pennachetti,
1879), where It Is caused by the meandering form of the lower
river estuary. The tortuous course of the channels at the
entrance to St. Catherines Basln could produce a simllar effect.

With regard to the other factors surprisingly little
difference was found between materlals entering and leaving the
basins. Suspended particulate matter (SPM) levels varied little

over the tidal cycle although In some Instances there was an
Increase at low tlide, probably reflecting resuspension of bottom
sediments already within the basins, or the downstream movement
of the turbidity max imum. Chlorophyl! ' and nutrient
concentratlions were low In both ebb and flood waters.

5.1.4 ABlologIcaI Characteristics: Habltat and Community Types

5.1.4.1 Introduction

Detalls wlilth regard to observatlions made, and results of
analyses of specles present and their relative abundances at each
sampling site, are presented In Appendix A. The following Is an
overview of the habltat and communlty types that were Ildentl!fled
In the marine lagoons of the AdJunct. Table 3 presents
Information on the area occuplied by each habltat and two maps
(Flgures 27 and 28) provided as an Insert at the back of this

report illustrate the distribution of habltats within each
fagoon. Filgure 17a-] presents photographs Il1lustrating some of
these habltats. The simllarities between Llittle Port Jolili and

St. Catherines Basin, In terms of both hablitat types and species
composition, far outweligh the differences, and they are discussed
together in the description that follows. Important differences
between these systems, where they do occur, are noted.

5.1.4.2 Pelaglc System

The pelagic system consists of the water body contalned In
the basin. The three major community types common to all pelagic
systems Include the plankton, nekton and neuston.
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% Figure 17a. Intertidal sand flat

Figure 17b. Intertidal salt marsh
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Figure 17c.

Figure 174.

Bacterial-algal mat community

Tidal panne
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Figure 17e. Intertidal salt marsh

pool and surrounding
Spartina marsh

Figure 17f.

Intertidal sand flat and tidal channels
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—— Figure 17g. Mixed habitats at Little Port Joli Bridge (Anchor Stn. A)
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Figure 17h. Tidal inlet at Little Port Joli Basin (Anchor Stn. B)
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e Figufe 171. Port Joli Headpond

Figure 17j. Boyd's Cove Headpond
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Planktonic organisms are those having limited powers of
locomotion, and for the most part are carried about and
distributed according to water circulatlion patterns. Planktonic
communities are commonly divided Into phytoplankton (microscopic
plants) and zooplankton (microscopic animals). The latter Is
often divided Into holoplankton, organisms that spend their
entire life cycle as plankton, and meroplankton, organisms that
spend only part of thelr |life cycle as plankton. A major
component of the latter are larval stages of benthlc “animals,
examples being many bivalves (e.g., clams, mussels and oysters)
and many polychaete annelids. Nektonic organisms are those
having the ability to move Independently of water currents and
thls category Includes most of the targe swimming crustaceans
such as shrimp and euphauslids, and the fishes. The neuston
Inciudes those organisms that llive at the Interface between water
and ailr (e.g., Jellyfish). In some cases the neuston can be a
slignificant component of marine systems.

The planktonic habltat of the marine lagoons Is primarily
oceanic In nature, being composed of water of high sallinity and
low temperature. Although there are freshwater Inputs Into the
lagoons, their contributlion 1Is small relative to the tidal

exchange volume and there Is llittle development of typlcal
estuarine or bracklish-water habitats. The salinlity gradlent from
the seaward entrance to the upper reaches of the lagoon Is small,
being on the order of 5 °/00.

) Table 15 summarlizes iInformatlon on the taxa collected In
phytoplankton samples. Specles composition varled little between
basins. Most species are typlcally oceanlc. Diatoms were most
abundant, wlth Chaetoceros sp., Skeletonema costatum,
Thallassiosira sp., Rhizosolenla delicatula and Asterionella
Japonica - belng most common. Some benthic diatoms - were also
present, particularly In samples taken near Intertidal sand
bodies, primarily of the genus Gyrosigma, Iindicating the
resuspension of benthlic algae occurs In these systems.

Dinoflagellates were present, malinly Peridinium sp., Dinophysis
accuminata and Ceratium minutum, but always 1{in {ow numbers.
There s some seasonal variation In species composition.
Rhizosolenia delicatula, Biddulphia aurita, Ditylum brightwelli,
scenedesmus sp., Peridinium sp. and Dinophysis accuminata were
found early In the fall collections and Navicula spp., Licmophora
spp. and Ceratium minutum were present only In the spring
collections. This seasona! varlatlon Is a reflectlion of the
normal specles succession that occurs in the nearby coastal
oceanic waters caused by the development of thermal
stratificatlion during the summer period.

Specles composition of zooplankton collections also varied
‘tittle between basins and contained speclies that are typlically
oceanic. Table 16 presents a list of taxa taken In zooplankton
tows. Copepods were most abundant, particularly Acartia
longiremis, Temora longicornis, Pseudocalanus minutus and Calanus
finmarchicus. in areas near eel grass beds the myslds Mysis
stenolepis and Praunus flexuosus were abundant. Meroplankton
consisted of larvae of barnacles, bivalves, gastropods,
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Table 15. List of MaJor Phytoplankton Taxa In Phytoplankton
Samples from Little Port Joll and St. Catherines Basin

Chaetoceros sp.
Skeletonema costatum
Thallassloslira sp.

Rhizosolentla delicatula

Biddulphla aurlta
Ditylum brightwellil
Asterlonella Jjaponica
Gyrosligma spp.
Ceratlum longlpes

Chaetoceros sp.
Skeletonema costatum
Fragllarla sp.
Asterlionella Japonica
Gyrosigma spp.
Navicula spp.
Thallassloslra sp.

October, 1986

Scenedesmus sp.
Meloslra sulcata
Cosclnodlscus spp.
Peridinltum sp.
Dinophysis accumlnata

June, 1987

Licmophora spp.
Ceratilum minutum
Meloslra sulcata
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Table ' 16.

List of Taxa Taken In Zooplankton Tows

Port Joll and St. Catherlnes Basin

Phylum Protozoa

Phylum Cnidaria
Class Hydrozoa

Phylum Ctenhophora
Phylum Chaetognatha
Phyldm Nematoda

Phy tum Arthropoda
Class Crustacea

Order Copepoda

Order Amphipoda
Order Mysldacea

Order Cladocera

Order Decapoda

Subclass Ostracoda
Subclass Cirripedla

Phylum Annelida
Class Polychaeta

Phylum Echlnodermata

Phylum Mol lusa
Class Blvalvia
Class Gastropoda

Phylum Chordata
Class Asclidlacea
Class Larvacea

foraminifera

Obella sp.

Rathkea octopunctata
Sarsla princeps
Hybocodon prolifer

Pleurobrachla plleus

Sagltta elegans

Centropages hamatus
Acartla hudsonlica
Eurytemora herdman!
Acartla longlremis
Temora longlcornis
Pseudocalanus minutus
Calanus flnmarchlcus
Olthona sp.

10+ harpacticolid spp.

Gammarus oceanlcus
Jassa fulcata

Mysls stenolepils
Praunus flexuosus

Evadne sp.
Bosmlina sp.

carldean larvae
crab zoea

larvae

larvae

larvae

larvae
eggs/larvae

larvae
Fritl!llaria sp.

from
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polychaetes and asclidians. Some seasonal variation was evident.
Fall samples contalned fewer meroplanktonic forms than spring
samples as a result of the greater reproductive activity
occurring In spring. Copepod species composlitlon showed less
seasonal variatlon other than the presence of Centropages hamatus

and Acartia hudsonica in fall and an abundance of Oithona sp.
during spring.

The nekton community consists of a number of flsh speciles
(Table 17) some of which are more typlcal of estuarine than
oceanlc conditions, such as four and nine-spined sticklebacks,
blackspotted sticklebacks, northern pipe fish and killifish. The
more oceanlc speclies conslisted of sand lance, herring, poliack,
hake and sculpins. In addition to fishes, shrimps (Crangon
septomspinosa) were also common nekton components.

Although no attempt was made to extensively sample the
neuston community It was observed that ctenophores (Pleurobrachia
pileus) were abundant during the spring in the upper reaches of

the fagoons where they appear to become entralned and
concentrated.

5.1.4.3 Benthic Systems

The benthic systems of the marine Iagoéns, unlike the
pelaglic, contaln a great diversity of hablitat and community
types. These Include a number of intertidal habltats located

. .between the high and low water marks, and a number of subtidal

habitats below the low water mark. Although the diversity of
hablitats Is greatest in the Iintertidal zone, communi ty

development and specles abundance are greatest In the subtidal
zone.

The animal community types assoclated with benthic habltats
are usually divided Into two components, the eplfauna and
infauna. The eplifauna Include all animals tiving upon the
sediment surface or upon rocks, stones and vegetation. The
Infauna Include all animals llving buried or crawling within a
substrate and are conflned usually to sandy or muddy substrates.

5.1.4.3.1 Intertidal Benthic Hablitats

The Iintertidal benthic habltats ldentified In the marlne

lagoons consist of saltmarshes, fringing rocks, tidal ponds, and
a diverse assemblage of mud flats and sand bodies. Most of the
intertidal area Is occupied by mud flats and sand bodles followed
by salt marshes. Fringing rocks and tidal pools occupy a
relatively small proportion of the total intertidal area.
Salt Marshes

Salt marsh habitats, composed primarily of Spartina

alterniflora and S. patens, occur along most of the shorelline



Table 17. List of Fish Taken

St. Catherlines Baslins

Ammodytes americanus
Anguilla rostrata
Apeltes quadracus
Clupea harengus
Fundulus heteroclitus
Gasterosteus aculeatus
Gasterosteus wheatlandi
Myoxocephalus aeneus
Pollachius virens’
Pungitius pungitius
Pseudopleuronectes
americanus
Syngnathus fuscus
Urophycis regius

(Amer lcan Sand Lance)
(American Eel)
(Fourspine Stickleback)
(Herring)

(Mummichog)

(Threespine Stickieback)
(Blackspotted Stlicklieback)
(Little Sculpin)

(Pol lock)

(Ninespine Stickleback)
(Winter Flounder)

(Northern Pipefish)
{Hake)

69

In Seines From Littile Port Joli and
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Table 18. List of Invertebrate Taxa Taken in Seine, Shrimp Net,
Dip Net, and by Hand Collections from Little Port Joli and St.

I

!

e N B B

1

Catherines Basin.

Phylum Cnidaria
Class Anthozoa

Class Scyphozoa
Phylum Ctenophora
Phylum Bryozoa

Phylum Annel ida
Class Polychaeta

Phylum Arthropoda
Class Crustacea
Order Isopoda

Order Amphlpoda

Order Mysidacea

Order Decapoda

N

Subclass Branchlura
Subclass Cirripedia

Phyltum Mol lusca
Class Bivalvia

élass Gastropoda

Order Nudlibranchlia

Phy lum Echlnodermata
Class Stelleroidea
Class Echinoldea

Metridium senile
Aurelia aurita
Pleurobrachia pileus

Electra pilosa

Ophelia limacina
Arenicola marina
Nereis virens
Nereis succinea
Nepthys caeca

Idotea balthica
Idotea phosphorea
Jaera marina
Chiridotea caeca

Gammarus oceanicus
Gammarus lawrencianus
Gammarellus angulosus
Jassa fulcata
Pontogeneia inermis

Mysis stenolepis
Praunus flexuosus
Neomysis americana

Carcinus maenas
Cancer irroratus
Crangon septemspinosa

Argulus sp.
Balanus sp.

Modiolus modiolus
Mytilus edulis
Mya arenaria
Anomia aculeata

Littorina littorea
Lacuna vincta
Acmaea testudinalis
Doto coronata

Asterias vulgaris
Strongylocentrotus
droebachiensis
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surrounding the basins. With few exceptions, the salt marsh
occupies a narrow band, seldom exceeding 10 m in wlidth. The
exceptions are in areas behind the beach-dune comp lexes where
Intertidal gradients are more gentle, allowling a wlider area for
colonlzation by salt marsh plants, and In areas where streams and
creeks enter the lagoons, particularly those originating at St.
Catherlines River lake and Meadow Lake, .In areas where Spartina
grades into JZostera beds, Ruppia maritima often occurs In the
transition =zone. Salt marshes also occur on some of the tidal
flats having higher elevations, the flat near the entrance to
Little Port Joll Basin being the best example.- None of the salt
marsh habitats Is well developed. Those along the shore lack the
tidal channels characteristic of well developed marsh systems and
they appear to be unable to keep pace with rising sea levels due
to  the paucity of materlals avallable for sedimentation. Salt
marshes located on the tidal flats are subject to considerable
erosion as evidenced by the relatively deep channels along thelr
margins. The bottom and edges of these channels are often com-
posed of soft organic muds and peat that appear to be remnants of
earller marsh systems.

The animal communities within the salt marshes are composed
primarily of gastropods (mainly Littorina sp. and Hydrobia sp.)
which feed on the epliphytic algae growing on the stems of the
marsh plants and benthic diatoms growing on the sedliment surface.

ITIdal Pools

A number of tidal pools are present In the lagoons. All are
located within salt marsh habltats and are more correctly
referred to as tldal pannes. Tidal pannes are typlical of young
salt marsh systems and are caused by an unequal distributlon of
sediments which results In Incomplete dralnage of water and death
of the standing vegetation. The tlidal marsh system located at
the mouth of Little Port Joll Basin contalns the most extenslvely
developed tidal panne.

Although the sediments In the pannes are strongly anaerobic,
these systems are biologically rich, containing a great varlety

of both plants -and animals. Algal communities In the shal lower
areas consist of fllamentous green algae. Rhizoclonium sp. Is
most abundant, but Chaetomorpha linum, Cladophora sp. and
Enteromorpha sp. are also present. In areas where fllamentous

algae are absent, the surface sediments are covered by dense
growths of benthic diatoms, which give the surface a golden-brown
hue, or sulfur bacteria, which Impart a deep purple color to the
sediments.

The epifauna includes malnly gastropods (Littorina sp. and
Hydrobia minuta) and the Infauna some mussels (Mytilus edulis), a
few clams Mya arenaria) and Iisopods (Jaera marina). Beach selnes
revealed an abundance of sticklebacks, and kliltifish,. Although
polychaete holes were abundant, we falled to obtalin speclimens of
living polychaetes In our samples.

an-
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Fringlng Rock Hablitats

This habltat Is confined to large rocks and boulders that
occur elther along the shoreline or protruding above the low
water level and occurs in many places scattered throughout Little
Port Jolt and St. Catherines Basins. Like the tidal pannes, the
area occupled by Intertidal fringing rock habltats Is not great,
but they are blologically rich and Interesting. This habltat Is
colonized Primarily by algal macrophytes which exhibit the
Zzonation patterns characterlistic of Intertidal rocky shores,
However, because of belng compressed into a small zone as a
result of the steep gradient, this zonatlon is not Immediately

obvious. The zone nearest the high tide mark 1is dominated by
Ascophyllunm nodosum, the mid-intertidal by Fucus evanescens and
the low tide level by Fucus vesiculosus. In some cases

Enteromorpha Sp. forms a growth of long trailing filaments.
Further Zonatlion below the low tide level Is dlscussed In the
section on subtidal hablitats.

Animails within this habitat include some barnacles (Balanus
balanoides) and mussels (Mytilus edulis), and often large numbers
of Littorina Sp. which probably feed mainly on the eplphytic
microscoplc algae commonly found growing on the surface of these
macrophytes, Other organisms found Iiving within and on the

macrophytes include amphipods (Gammarus Oceanicus) and Isopods
(Idotea balthica).

Intertidal Sand Bodies and Mud Flats

The. non-vegetated Intertidal Zone I|s composed of tidal mud
and sand flats which occur primarlly near the'entrance] to each

basin. In these areas deltas have bullt up from sedimentary
materials origlnating in the offshore oceanic system, and firom
wind-blown materials from the sand dunes. A dlverslity of
habltats Is present, resulting from the progradation of

sedImentary materlals during the ebb and flood tidal cycle.
Sediment size becomes coarser In the seaward direction, whereas
the upper Intertidal areas, whlich are relatively low slopling
features, are composed of flne sands and muds, and the Ilower
intertidai areas of medium to coarse sands.

The physical conditions In this environment, particularily
temperature, periods of submersion and emersion, and current
velocities, are extremely variablie and this range of conditions
Is reflected In the wide variation of community types wlithin a
retatively small area. In additlion, +the Intricate patterns of
current directlions and veloclitles result in considerable local
differences In sediment types and the spatial distribution of
community types becomes difflcult +to separate into clear
patterns. Although the diversity of habitat types and thelr
associated communities Is high, species diversity within

communities Is low, most collections revealing oniy two to four
species.
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Despite the heterogenelity of this environment some
generallizations are evident. Community development iIs greatest
within the upper Intertidal flats of Little Port Joli Basin.
This area appears to accumulate organic materlals, primariiy
Seaweeds and saltmarsh detritus, along the base of the sand
dunes. Although sedlIments were anaerobic approximately 2 cm, and
somet Imes less, below the surface, there was an abundance of
polychaetes (mainly Nereis sp. and Ophelia limacina), clams (Mya
arenaria) and burrowing Isopods (Chiridotea coeca) . In  some
areas green algal mats were abundant. Assoclated wlth these were
polychaetes, clams and gastropods (both Littorina sp. and
Hydrobia sp.). Much of the sediment surface In this area, as
well as further seaward, Is covered with benthic diatoms. In
Some areas dense microblal mats are present where they form thin
(2-3 mm), leathery ol ive green sheets at the sand surface. Sand
gralins are structural components of these mats. Although no
attempt was made to ldentify the specles of organisms making up

these mats, they are generally composed of fllamentous blue-green
algae and bacteria.

As one progresses further down the Intertidal zone,
communlty development quickly decreases and consists primarity of
a Mya and Nereis community with few other speclies present. In
some areas Nereis virens occurs in comblnation with Polydora
ligni, another tube-dwel |l Ing polychaete. In still other areas
the dominant polychaete Is the bamboo worm (Nicomache sp.).

Near the low tide mark where sediments are coarsest very few
organisms were found, although as the tide rose many burrowling

-I'sopods: could be seen moving about the surface. The Instability
of sediments In this reglon Is so great that sesslle and tube
bullding organisms have littie opportunity to estab! Ish

themselves before belng eroded away or covered with sediments.
An  example of this Is shown In the Flgure 18 which shows
polychaete tubes being exposed by sediment resuspension.

Although the same community types are present |n St.

Catherines Basin, thelr development Is much less. This
environment appears to be even less stable and conslists primarily
of coarse sands. The intertidal area also appears to collect

less organic detritus along the shoreline, which |s probably
Important in stabllizatlon of the upper Intertidal zone.

5.1.4.3.2 Subtidal Benthlic Habitats

dntroduction

The distribution of subtidal benthic habltats, llke that of
Intertidal benthic hablitats, Is determined primarily by the
distribution of substrate types. Three major habltat types are
present Iin the lagoons. The smallest In area is the submersed
cobbles, rocks and boulders which are colonized primarlily by
algal macrophyte communities. A larger area is composed of a
sand-mud substrate on which benthic dlatoms grow, and this
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habitat often contalns farge populations of gastropods, mainly
Littorina sp. The largest area, composed of fine sands and muds
and located almost exclusively In the upper reaches of the
lagoons, supports dense stands of eel grass (Zostera) which
exhibit the greatest community development of all habltats.

Algal-macrophyte Communltlies

Subtidal algal macrophyte communities, although quite
diverse In number of specles, are limlted in abundance .due to the
lack of stable substrates. They occur only In rocky areas along
the shore zone and on cobbles, rocks and boulders located wlithin
tidal channels. It Is only In these environments that they find
sultable substrates for attachment by holdfasts and the high
current veloclties that provide the water exchange needed for
nutrient replenishment. Despite this llmited distribution,
approximately 25 different specles were collected with all
groups--brown, red and green--being well represented (Table 19).

Although vertical zonation of algae below the low water
levels was not well developed due to the shal low depths of the
basins, there |Is considerable horizontal variation from the
entrance to the upper reaches of the lagoons. Near the inlets,
on small rocks and cobbles occurring in the channels, specles
diversity Is greatest, especlally for many of the smaller forms
of red algae, although biomass Is not particularly high.
Diversity Is also high on rocky areas along the shore zone of the

-nltets, but here brown algae are much more prominent. The shore

zone further wup the tidal channels contains mainly rockweeds

(Fucus spp.). On boulders within the channels Fucus Spp. occurs
together with kelps (Laminaria Saccharina) and lesser amounts of
both red and green algae. On some boulders diversity Is quite
high and although the total area of this habitat 1Is small, It
represents one of the better areas for observing algae. Towards
the upper reaches of the basins, green algae become more
prominent. In some areas wlthin eel grass beds unialgal stands

of sea lettuce (Ulva lactuca) and other green algae often occur.:

In some cases seaweeds ocdurred unattached and free floating

at the bottom of the tlidal channels. They often appeared to be
healthy and stii] growing and may be able to exlist for long
perlods of time In this habitat. In some coastal waters, large
quantitles of llve floating seaweeds represent a distinct

microhabitat In the pelagic zone that offers both refuge and food
for a varlety of fish and pelagic crustaceans (Parsons, 1986).

Animal abundance within the algal community Is not great.
In some areas mussels grow among the algae and some of the
rockweeds and keips often have Littorina grazing on thelr
sur faces. Starfish (Asterias) also often occur within the algal
masses, particularly if mussels are present. There were
surprisingly few sea urchins observed grazing on the kelps,
probably as a result of the high current veliocities which makes
it difflcult for them to remaln attached while feeding.
Collections made from within algal mats revealed amphipods
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Table 19.
and St. Catherlnes Basin

Brown Alga
Fucus veslculosus
Fucus evanescens
Fucus spirillus
Ascophy !l lum nodosum

Lamlnarla saccharina
Desmarestla aculeata

Desmarestla viridis
Petalonia fascla

Eudesme virescens
Chordarla flagelllformes

Chorda sp.

Red Alga
Chondrus crlspus
Polysiphonia sp.
Ceramium sp.
Rhodomela coutervoides

.~

Dumontla Incrassata

Ptilota serrata

Porphyra minitata
Palmarla miniata

Green Alga

Chaetomorpha [ I1num
.Enteromorpha sp.

Chaetomorpha sp.
Rhilzoclonlum sp.
Monostroma sp.

Ulva lactuca

Algal Macrophyte Taxa Collected In Little Port

Habitat
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attached to rocks, subtidal and

intertidal

attached to rocks, subtidal and

Intertidal

attached to rocks, subtidal and

intertidal

attached to rocks, subtidal and

Intertidal
attached to rocks, subtidal

drifting In channel, attached to

rocks, subtldali
drifting In channel, subtlidal
attached to rocks In swift
currents, subtidal
attached to rocks in swift
currents, subtidal
attached to rocks In swilft
currents, subtlidal
attached to rocks In swift
currents, subtidal

attached to rocks, mainly
subtidal .
attached to rocks and other
seaweeds, subtlidal
attached to rocks and other
seaweeds, subtidal
attached to rocks in swift
currents, subtidal
attached to rocks In swift
currents, subtlidal
attached to rocks In swift
currents, subtldal
drifting In channei, subtidal
drifting In channel, subtidal

qulet waters, subtidal

quliet waters, subtidal and
Intertidal

quliet waters, subtidal and
tntertidat

qulet waters, subtidal and
Intertidal

qulet waters, subtidal and
Intertidal

attached to rocks, subtidal
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(Gammarus oceanicus and Jassa falcata), |sopods (Idotea balthica)
and a number of smal l unidentified bivalves.

Sand-Mud Subtidal Habltat

These habltats occur primariity In areas where current
velocitles are high and Include most of the bottom of tldat
channels. Near the entrance to the basins, where currents are

strongest, these areas appear to be relatively barren of both
eplifauna and infauna, although It was difficult to sample
properly for the latter because of the strong currents. In the
mliddie of the basins, where current speeds are less, the
substrate becomes colonlzed by benthic diatoms which tend to

stabillze and prevent resuspension of the sedliments. In some of
these areas the surface becomes quite hard. Here gastropods
(mainly Littorina) are particularly abundant as are clam and
polychete holes. Although empty moon snail (Lunatia heros)
shells were often present in these areas, no live specimens were
found and It is not determined If this organism occurs In the

lagoons or whether the shells were washed In from outside. Some
starfish and an occasional crab (Cancer sp.) were also observed.

Where finer sediments occur, especlally in the upper reaches
around Zostera beds, lugworms (Arenicola marina) often occur In
great numbers where they probably play a slignificant role In
blioturbatlion processes. Sediments here are often anaerobic which
prevents the development of a more extenslive Infauna.

'Subtida| Eel Grass Beds

Eel grass (Zostera marina) beds occupy a large proportion of
the subtidal system. They occur primarily in the upper reaches
of the tagoon where current velocities are slowest and flne
sedimentary materlials accumulate. The sediments within eel

grass
beds are strongly anoxic. These sedlIment characteristics are
produced to a large extent by Zostera through lts effect on
reducing water currents, which Induces deposition of fine
sedImentary materlals, and production of organic matter that
accumulates and' decays In the sediments. Most of the eel grass

beds In the t1agoons are monospecli fic, contalining few other
macrophytes, but In some areas, partlcutarly within Basln Lake,
large areas (10-20 m In dlameter) of Ulva lactuca and
Rhizoclonium occur. Most other plants are microscopic, llving
epiphytically on the leaves of Zostera plants.

Although the diversity of animals present In the eel grass
beds Is high, few animals llve as Infauna wlithin the sediments
because of the anoxic conditlons. An exception Is the lugworm,
Arenicola marina, a large burrowing polychaete that can |lve
Within this reduced environment due to Its abllity to pump large
volumes of water for aeration. Even these organisms, however,
are limited primarily to the per iphery of Zostera beds where
sediments are sandier and their burrowing actlivities are not

hindered by the dense root matrix Immediately below Zostera
plants.
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Diversity and abundance of animals ltving within the
eelgrass leaves Ils great. Selne collection revealed numerous
myslds (Mycis stenolepis, Praunus flexuosus, Neomysis
americanus), sand shrimp (Crangon septemspinosa), crabs (Carcinus
maenas, Cancer irroratus), Isopods (Idotea balthica, I.
phosphorea, Chiridotea caeca) , and amphipods (Pontogencia
inermis, and Gammarus oceanicus). Fishes included all specles of
sticklebacks, pipefish and eels. Many of these organlisms,
particularly the smaller Isopods and amphipods probably live
within the Aufwuchs (eplflora and eplfauna) community growing on

the Zostera ieaves. Also abundant on Zostera leaves were snalls
(Littorina sp. and Hydrobia sp.).

On almost all occasions when Basin Lake was belng surveyed,
otters were present, probably feeding on the abundant crabs
within the Zostera beds. It was here that the neuston, composed

of Jellyfish (durelia aurita) and ctenophores (Pleurobrachia
pbileus) were most abundant.

5.1.4.3.3 Terrestrial /Marine Interactions

Aside from the obvious Input of organic matter orlginating
from leafloss and death of salt marsh grasses, there do not
appear to be any strong functlonal Il Inkages between the
terrestrial and marlne systems. Freshwater Inputs are generally
small retative to ocean Inputs and it Is doubtful that

surrounding the
lagoons Is Important In terms of eilther nutrients or organic
matter. The relative clarity of water In the lagoons, compared
wlth that of water in streams entering the lagoons, Indicates
that brown waters entering are dliluted rapidly and provides
additional evidence of the small contribution of Inputs to the

basins. Although there Is some exchange between terrestrial and
marine systems as a result of the feedlng activities of mammals
(e.g., racoons and otters) and aquatic waterfowl, this exchange
Is probably small and of l[ittle significance to the overall

functioning of the marine systems.
5.1.4.4 Brackish-water Headponds

5.1.4.4 1 Physlcal Characteristics

| raph

The four brackish-water headponds located within the Adjunct

all lie adjacent to the ocean shorel ine. Each Is separated from
the ocean by a steep shingle beach. It Is difficult to
evaluate, based on avalilable Information, the origin of these
ponds. They appear to be simple depressions, perhaps formed by
glacial scouring processes, in what Is now a heath-bog

environment. The ponds are for the most part relatively shal low
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(< 1 m) and most have small streams or creeks as Inputs, the Port
Mouton headpond being an exception. Water Input to thls system

probably consists primarily of groundwater seepage and It appears
to undergo large varlatlons In volume and may at some times
completely dry up (B. Helleman, personal communication). There
are no obvious outflows from any of these ponds, but brownwater
stains sometimes observed on the seaward slde of the shingle
beaches suggests that water leaves these systems through these

semi-permeable barriers. At all headponds It appears that the
shingle beaches are gradually moving landward and slowly fllling
In the headponds. This Is most evident at the Boyd's Cove ponds
where large cobble completely covers the bottom and can be
Oobserved lining the shoreline on the most landward edges of the
ponds. Flgures 19 to 21 present bathymetric maps of each pond

and Table 20 presents information on morphometric paramaters.

Sediment Types

The sediments of the Port Mouton headpond are composed
primarily of soft organic muds that are anaerobic. Thelr color
Is dark brown, Indicative of miid reducltng condlitions. At Port
Joli the headpond sediments are composed of soft organic muds
along the infand shorelline and sandy muds near the seaward
shorel ine. The bottoms of the Boyd’s Cove headponds contaln a
layer of coarse cobble undertalin by light brown sediments similar
to the "dy* substrates typical of dystrophic lakes. In atl
headponds, most of the bottom Is covered by a dense stand of

.macrophytes.

Light

Although Iight measurements necessary for calculation of
extinction coeffliclents were not made at the headponds, Secchi
disc depths were recorded. All headponds are characterized by
heavily colored brown water but, because of their shallow depths,
have euphotic zone depths greater than the bottom as evidenced by
the growth of benthic macrophytes. Secchl disc depth at all
headponds were simllar and ranged between 0.7-0.8 m.

Winter i(ce Conditions

During the February, 1987 site vislt, the Headponds at
Boyd‘'s Cove and Port Joll were vislted. In both, lce cover was

100% with thickness ranging from 1 to 10 cm near the Immediate
shorel lne.

§.1.4.4,2 Chemlical Characteristics
Sallinity

Al of the headponds are obviously brackish, bgt not of
eXceptionally high salinity, in most cases beling < 5 “/oo. The
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Figure 19. Morphology of Boyd's Cove Headponds
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Figure 20, Morphology of Port Joli Headpond
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Figure 21. Morphology of Port Mouton Headpond
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Table 20. Morphometric

parameters of Headponds located within
the Seaslde Adjunct*

Boyd's Cove

Port Mouton Port Joli North South
Shoreline Length (m) ' 614 605 665 982
Shoreline Development 1.4 1.9 2.4 4.3
Maximum Length (m) 235 180 180 173
Maximum Breadth (m) 100 63 100 53
Mean Breadth (m) 68 47 - 34 24
Maximum Depth (m) 0.5 1.0 1.5 1.5
Mean Depth (m) 0.3 0.8 1.2 1.0
Relative Depth 5 0.35 0.96 1.7 2.0

~$urface,A5ea (m™) 16,094 8,438 6,110 6,139

Volume (m“) 4,828 6,750 7,332 4,139
Development of Volume 0.6 0.8 0.8 0.7

*1t should be noted that many of these parameters are approximate since

considerable changes occur In both surface area and volume of the
headponds during dry and wet periods.
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highest salinities were observed in the Port Mouton Headpond and
the lowest at the Boyd's Cove headponds (Table 21). The levels
of salinity suggest that the major contribution of salts to the
headponds Is by sea spray originating In the surf zone of the
ocean shoreline. Because It was not always possible to bring a
boat to the headponds, we were usually unable to determine if
these ponds are vertically stratifled wlth respect to salinity.
In the one instance where this was possibile, during the October,
1886 site vislt, the Port Mouton headpond showed no indication of
vertical stratification in elther temperature or salinity.

Nutrients and pH

Silica, phosphorous and nitrigen concentrations were
generally low and typical of values commonly observed In brown
water systems where nutrient complexing by humic acids tends to
make nutrients unavallable. pH values were also low, ranging
between 3.95-4.90, reflecting the acld-bog characteristics of the
drailnage basins surrounding these systems.

Dissolved Oxyvagen

In all cases, dissolved oxygen values were high with
saturation values near 90%. Although the bottom muds are mildly
anaerobic, It Is doubtful that these anaerobic conditions ever
extend Into the water column as there was little evidence of

condlitions sultable for the development of stratiflcation or of
thé presence of hydrogen sulfide in large amounts.

5.1.4.4.3 Blologlical Characteristics

Blologically, the headponds represent a refatively harsh

environment for I|life. This harshness is Imposed primarily by
salinity levels which are too low for most marlne organisms and
too high for most freshwater organisms. In addition, It Is

llkely that salinities vary considerably according to perliods of
dry and wet weather which Imposes an additlional straln on
organisms having dittle abllity to control! thelr osmoregulatory

capacity. An additional strain on organisms Ilving within these
systems Is the low pH resulting from the acld brown-waters
entering these ponds. Since low pH Is known to affect
osmoregulatory processes, especlally In fish, the comblinatlion of
acld conditions together with a high salt content makes this
environment a particularly difficult one to inhabit. As a

result, species diversity of both benthic and pelagic communities
within the headponds Is low.

Macrophyte abundance in the headpond Is great but diversity
I's -low, most species present being those common to bracklsh-water

habitats. The bottom of the Port Mouton headpond {s almost
completely covered by a monospecific stand of bur-weed
(Sparganium sp.). The bottoms of the Port Joli and Boyd's Cove

headponds are covered primarily by Enteromorpha, but other




85

(Yyinos)
gL 8°gl ze 9 - ¥ 8 S9° ¥ L0 - - s°e eopyJng 9A0Q s,phog L8/¢1/9
(Y3doN)
89"t e ¢l lo-o - L8 $6°¢ L0 ¢ ¢ - S0 oD dNng 9A0] s,pkog L8/cL/9
8Ll e’s 8l°8 - 9°8 ST ¥ 90 e ¥ - 6°¢ oD ing 1jop 1104 L8/¢t/9
e @ e 89 26 L8 56" ¥ o8 < e'¢g 861 9% 90D} iNng uoynow 3jJod Lg/Li/9
- 8S°¢ - L°9 01 g'e
gz°¢ 0 Gl se-e z6 ¥ 21 6"V 108 < L'e g9 go°l 80D JJng uojnoy 3jJogd 98/61/01
(1/6uw) (1/6uw) (1/6uw) (yps %) (1/6uw) Hd (w) (1/6uw) (96)  (90/4) (uw) . UO|3}D507 s10Q
soud 1IN 'S [4] [4s) 1yoooesg lo1ygp duse | *|osg yydag

jounfpy ep|speg 8y} uj spuodpoel JOj} D3IDP [DDJWAYD PUD [DDfSAYd ‘LZ @]qo)

s D 1 R




[T

86
macrophytes are also present, mainly along the shorel ines. At
Port Joll headpond, (Drepanocladus fluitans) is present near the
shorel ine in shatlow water (< 0.5 m) along with ditchgrass
(Ruppia maritima) and splke rush (Eleocharis sp.). The Boyd'‘s
Cove ponds have the greatest diverslity of macrophytes with
pondweed (Potamogeton perfoliatus), mares talli (Hippurus

vulgaris) and bur-weed (Sparganium sp.) being the most common
speclies present.

Phytopiankton collections revealed |ow abundance and few
speclies, most of which were desmids of the type characteristic of
brown-water systems, being most abundant. Planktonic dlatoms
were virtually absent, reflecting the low avallability of silica.

Zooplankton, dip net and seine collections at the headponds
contalined animal Species more characteristic of freshwater than
mar ine systems. Zooplankton samples were domlnated by
cladocerans, rotlifers, ostracods and aquatic Insect larvae
although some typically estuarine or brackish-water specles, such
as Eurytemora affinis and Bosmina Sp. were also present. Larval

stages of various copepods, both nauplii and copepodlites, were
abundant, indicating that these organisms probably go through
thelr life cycle within the headponds. The major fish specles
present, hone of which were very abundant, Included three, four

and nlne-spined sticklebacks.

5.1.4.4.4 Functional Aspects

Because of the harsh nature of these environments, due
primarily to the presence of sea salts In combination with a low
pH and brown-waters, the headponds are relatively uninteresting
from a functlional point of view. Levels of production, for both
plants and animals, are undoubtedly low. The main autochthonous
Ilnputs of organic matter are photosynthesis by phytoplankton and
benthic macrophytes. Although the blomass of benthic macrophytes
Is high, the species present have characteristically low
production rates. Phytoplankton bliomass |Is low, due primariiy to
the tow avallablilty of nutrients and darkly stalned water making
condltions poor * for photosynthesis, and lts contribution to
organlic Inputs is probably very small. The major allochthonous
organlic inputs entérlng through streams are most likely dissolved
organic materials composed primarily of tannins and humic aclds,
both of which degrade very sliowly. The dominant decomposers
typical of systems of this sort are fungl! and bacterial species
that, although adapted to aclid-bog condlitions, have low metabolic
rates. As a result, these systems are probably accumulating

organtic materials and wil]l gradually become filled to succeed
Into heath-bog systems.
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6. DISCUSSION

6.1 General Features of the Seaslde AdJunct

The Seaslide Adjunct contalns a wide variety of marine and
estuarine habitats within a limited area that has not been
excesslively modified by human activity. Many of the habltats,
however, are in physically stressed environments, and therefore
have poorty developed blological communities. The physical
stresses Include the low pH and hligh water colour of Inner lakes
caused by humic aclds and tannins from the terrestrial
environment, the unstable and mobile sands of intertidal flats
and dunes, and the strong tidal currents that In places scour out
deposited materials from tidal channels. All of these physical
varliables, however, are subject to change over tlime. The
progressive rise In local sea leve! - now accelerating because of
global greenhouse effects - slowly but persistently increases the
role of oceanlic waves and currents. Intermittent events, such as
storms, undoubted!ly play a disproportionate role In changing the
nature and locatlon of channels, causing breaches In the sea wall
of the dunes, or relocating outflows from the basins. More
predictable dally, seasonal and annual varlatlons in tidal
movements, wind strength and direction, and preclplitation,
however, also keep Intertidal and subtidal deposits In a state of
constant change and instability.

The degree of stabillty varies from habltat to habl tat

.-Within, the marine/estuarine complex of the Park. The Innermost

Teglions of the system, remote from oceanic Influence, experlence

relatively benign cond!tions. Here, sediments are stabllized by
slowly growing JZostera beds In subtidal sltuations, and
occaslonally by Spartina-domlinated marshes In Intertidal ones.
Progressively less stable habltats are encountered as one
approaches the truly marine environment, because of high currents
and wave actlon, and the mobiltity of the predominant sandy
substrate. In the absence of a rapidly-growing vegetation that
can firmly bind the substrate under such conditlions, blological
communities of any diversity are unable to develop. Dominant
animal specles tend to be opportunistic or vaglle : elther
colonlzlng during short perlods of relative tranquillity, or

foraging over wide areas, Iincluding unstable habltats when access
s possible.

Blological communitlies that do develop In such robust
environmental conditions tend to be of low diversity, and are
Inclined to be fraglle, subject to periodic elimination by
natural processes or human activities. Consequently, such
communlties demand special consideration.

A feature of the Seaslide Adjunct Is that many dliverse
habitats, with thelir characteristic blotic associliatlions, exist In
close proximlty to one another. The boundaries between habltats
are often tightly compressed in space, affording an opportunity
for direct comparison of the determinantal effects of physlical
processes on the biological community. Perhaps the most



=

i A i

il

il

I

L

Y

88

Interesting setting, from the point of view of both abundance
and diversity of habitat and specles, is the area near the bridge
at the Junction between Basin Lake and Little Port Joli Basin.
Strong tidal currents created by the narrow constriction between
these two basins, comblined with the abundance of rock surfaces
for attachment, provide an exceptlonal environment for suspension
feeders and algal macrophytes. Nearby subtidal mudflats, heavlly
colonlized by benthic algae, provide an excellent habitat for
deposit feeders. Common and abundant animals attached to or
crawling over rocks and boulders include mussels, barnacles, sea
anemones, gastropods, sea urchins, starfish and crabs. Subtidal
mudflats harbour numerous gastropods and polychaetes. Fishes,
particularly sticklebacks and pipefish, can also be commonliy seen
moving through the channel , foraging in the tush growth on the
rocks, or on suspended material In the rapldly-moving water.
Intertidally, a narrow band of saltmarsh occurs on one side of
the bridge, and large boulders on the other, offering a sharp
contrast In hablitats and adding to the diversity of the Immedlate
area. Organic materials, particularly detritus from the Zostera
beds and attached algal macrophytes, accumulate on the shorel Ine,

providing easlly accessible habltat for wrack-inhablting forms
such as amphipods and brine flies.

The variety of habltats and communities represents one of
the most appeal ing aspects of the lagoon system of the Seaslide
Ad junct. The contrasts evident between the extremely harsh
environment of the Intertidal sand flats, where large
fluctuations In current veloclty, temperature, and lce effects

. yleld a poor ly-developed biological community, and the refatively

high productivity and diversity of Zostera beds, are readlily

observable. In terms of energy flow to the system, the Zostera
community Is undoubtedly of most Importance.

6.2 Evaluatlion of the Marine Re$ources.

6.2.1 Interpretive value

Hunter and Assoclates (1987) summarized a number of
Interpretive opportunities that exist within the Adjunct, some of
which involve the marine resources

1. The marine encroachment of former terrestrial habltats.
There Is considerable evidence of this within the mar i ne
lagoons, where drowned but standing trees are common.

2. The pronounced ecological varlation that occurs across
the +transition from the nearshore marlne, through
estuarine habltats, to the freshwater l|akes (primarity
St. Catherlnes Lake and Meadow Lake) Iimmediately Inland.

As Iindicated above, Iin the whole area of the Ad junct one
encounters a wide variety of hablitats and community types, often
closely adjacent to one another. These habltats are Illustrative

of maljor landform types of both coastal regions (e.g., sand and
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cobble beaches, headlands, dunes, tidal sand and mud flats) and
estuarles (e.g., saltmarshes and eelgrass communities, brackish
and dystrophlc hablitats, etc.). The exlistence of such features,

and the readl ly-observable processes that cause them, are of
considerable heurlistlic value.

6.2.1.1 Sedimentation Processes

The domlnant physical processes that Influence patterns of
sedimentation, from the scour lng effects. of strong tidal
currents to the dramatic but Intermittent effects of storms, are
readily observabie In the lagoons and Intertidal areas. Sand
waves and ripples, eroding and depositing areas are well
represented. But sedimentation Is not solely a physical
phenomenon. Many of the organisms living within the lagoons are
important either in stabillzing or destablllzing these sediments.
Zostera I's undoubtedly the most Influentlal stabllising organism
In the Seaside Ad junct : Its stems and leaves reduce turbulence,
Inducing deposition of material carried by flooding waters, while
lts roots and rhizomes bind the sediments together, reducing
erosion. This plant characteristically occuples the most
persistent and stable of the subtidal habitats of the lagoons,
which in fact the plant has helped to create. Saltmarsh plants
functlion in a similar way in the intertidal zone. Algal-bacterial
mats and sllicks of benthic diatoms secrete comp lex
polysaccharides that cement sand grains together, and tubicolous
polychaetes use sand particles to create thelr parchment or

.stlck-LJke tubes that equal ly reduce the susceptibllity of the

sand flats to erosion.

Organisms that tend to destablilize sediments .Include those
that feed at the sediment surface. Notable among these |Is the
lugworm Arenicola, which Ingests and then egests large quantities
of sand that It strips of dilatoms, bacteria and other organic
food. Its large fecal colls can be readlly seen Iin the Intertidal
zZzone as the tide recedes, but these rapldly dlisappear over the
next flood tide, testifylng to the Susceptiblility of these
‘processed’ particles to be moved by tidal currents. Burrowing
organisms, such as the isopods, and deposit-feeding clams are
other lmportant,qestablllzing agents of Intertidal sedliments.

These Physlical-blological Interactions are Important, and
readily demonstrable In the Seaside Adjunct lagoon system.

6.2.1.2 Nutrlent,Recycllng

Most of the primary producers within the lagoons are benthlc
organisms for which obtaining nutrients iIs not usually a problem,

particularily where extenslive tidal flushing occurs. In some
Instances, however, nitrogen may become |imiting where root zones
are Inadequately aerated, and anaeroblic condltlions prevail. This

is particularly true of Spartina growing In poorly drained solls.
Both Spartina and Zostera are thought to act as “"nutrient pumps"
bringling reduced, soluble phosphorus from sediments to the
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surface, and In the case of Zostera which is submerged, into the
water column. Zostera is also known to fix elemental nitrogen,
and there Is some evidence that Spartina roots contain nitrogen-
fixing bacteria (Patriquln and Knowles, 1972).

Benthlic algae and macrophytic algae probably obtain most of
thelr nutrients from the water column. Although nutrient
concentrations In the water are low as a result of the very smal i
terrestrial nutrient Input In the area of the Adjunct, the rate
of supply Is high because of the tremendous tlidal flushing.

Nutrient regeneration Iin these systems isiprobably primarily
due to the activities of detritivores in association wlth
bacteria growing on detritus particles, since most of the primary

production of the system is channeled into the detritus portion
of the food web.

6.2.1.3 Food Web Relationships

No attempt was made to determine exper imentally the food web
relatlionships within the blologlical communities present within
the Seaslide Adjunct. These relationships, however, may be readily
inferred from studies elsewhere. Figures 22 to 26 illustrate the
probabile trophic relationships of the ma jor communities
Identified within the system. These are derived in part from
other studles relating to large expanses of a glven community
type, wlithin which many organisms may spend their complete life

~eycle... In contrast, the different communities of the Adjunct lile

In close proximity, so that there is extensive Interchange
between adjacent communities, In both specles that may forage In
more than one community, and In terms of organic exchange. This
Is evident In the mixtures of detritus derived from eel grass,
algal macrophytes and saltmarsh plants that may be seen cast up
in the drift line on beaches.

Saltmarsh, eelgrass and the major algal macrophytes are
simlilar In that very little of the organic material produced Is
consumed dlregtly by herblivores. Most of the production enters
the food web In the form of detritus. Consequently, strict
herbivores are._relatively uncommon among the fauna of these
systems. Exceptions may be the grazlng of Zostera by Canada geese
and of kelp by sea urchins. Since the lagoons are subject to
onshore winds and dominated by flooding tidal currents that tend
to move flotsam landward, most detritus probably remains within
the basins, becoming stranded at high water levels along the
shoreline. Materlal that Is not mineralised before it Is burled
by sedimentation processes eventually may be converted to peat.
Spartina Is particularly resistent to decay and degradation
pecause of the large proportion of the stem that is refractory
organic material. In contrast, Zostera and the ma jor seaweeds are

.degraded relatively rapidly. Much of this materlal Is probably

broken down by amphipods and other inhabitants of the shore drift

zone, becoming more susceptible to resuspenslion or resolution,
and thus entering the pelagic food web. Once within the pelagic
zone It may be utillised there by particulate feeders, filtered
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out by benthic suspension feeders, or redeposited for use

by
deposit feeders., In many cases, this process Involves microbial
colonization and growth on the detritus, and it iIs the bacteria
and fungi themselves +that form the primary food source for

"detritivores". Some animals, however ,
shrimp, have been shown to harbour cel |
aliow the digestion of coarse detritus.

Including myslds and other
ulolytic gut bacteria that

A considerable portion of these detrital materials Is

also
converted Into dissolved organic matter and thus becomes
available for uptake by bacteria. The bacteria themselves

Subsequently are consumed by animals having the abi i
fllter them from the water column,
deposlits.

Ity either to
Oor harvest them from sediment

Within the Zostera community, a consliderable number of
organisms exlist primarily on the Aufwuchs community. This
epiphytic association of microscopic diatoms, green and bluye-
green algae, and microscopic animals Is seen as a brownlsh-green
furry growth over the surface of submersed macrophytes, and has
been shown to be at least as productive as the Zostera plant

itself. The often abundant Littorina seen on Zostera leaves |s
undoubtedly utllising this food source. '

Many of the more mobile organisms living within the Zostera
beds, such as mysids or crangonid shrimp, are important

In moving
materials between the eelgrass system and other systems
(Rassmussen, 1873). These are extensively preyed upon by

_mlgratory fish and larger Invertebrate predators such as crabs.

In  general, pelaglic carnivores such as the fish, and the
ctenophores and Jellyfish common In Basin Lake, depend largely
upon zooplankton. Benthic carnivores Include the crabs and
predatory polychaetes that eat other polychaetes, and the
microscopic Infauna of protozoans and nematodes that live
lnterstltlally between deposited sediment particles. In general,
predatory organisms are relatively uncommon.

It does not seem likely that Input of al lochthonous organic
matter represents an important energy source for the marine
lagoon communities. Freshwater Inputs are smalil In relation to
tidal exchange, and we saw no significant amounts of organic
drift material entering the basins from the offshore environment.

6.2.1.4 Ecological Significance

Although the area and systems of the Seaslide Adjunct have an
Intrinsic educatlonal value, they are probably not unique among
south shore ecosystems In most respects. There Is littte
indication that the lagoons play signiflcant roles as nursery
areas of commercially Important fish. oOur Observations do not
indicate that the saltmarsh and eelgrass systems of the Ad junct
export organic carbon to an extent that would be of importance to
coastal eécosystems, although this has been demonstrated In
refation to a number of estuarine marshlands elsewhere. No
species encountered during this study are unique to this area, or
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even notably more abundant, presumably because productivity

Is
limited and the harsh environmental conditions are experienced {n
other neighbouring areas. Nonetheless, utilization of the lagoons
and beaches of the system by waterfow! and other blirds of great

Interest suggest that the ecological signlficance of the Seaslide
Adjunct may be higher than Just iIndicated.

The sandy beaches harbour several nesting palrs of Pipling
plovers, a specles that Is on the Endangered Species List. Since
access to these beaches Is difflcult at the present time, they

may play a significant role In preserving the Nova Scotian
population of this rare blird.

Canada geese and Black ducks use the saltmarshes of the

Ad junct, as wlth other areas, during thelr spring and fall
migrations. Black ducks also nest in the reglon, although
evidence to date suggests relatively few broods are hatched
within the confines of the Ad junct [tself. Saltmarshes are
utillzed by Black ducks during summer and fall as both moulting

and staging areas, the adults and young feeding on Littorina,
Hydrobia and seeds of Spartina alterniflora. Canada geese arr|ve

In large numbers during fall to feed on the abundant Zostera
beds.

6.2.1.5 Harvestable~Resources

Historically the AdJjunct was a popular area for hunting,
particularly of waterfowl and deer, but slnce the acquisition of

"the property by Environment Canada Parks, hunting has been

disal lowed. Softshell clam digging Is the only harvest activity

now allowed in the Adjunct and this Is lIimited to non-commerclal
harvesting.

6.2.1.6 Recreatlonal Values

The recreational potential of the AdJunct Is wel l-known and
consliderabie. The marine habltats are examples of relatively
pristine marine environments, showing rather Iittle Influence
from man‘s activities. Thils 'untouched’ quality arises In part
from the relative isolatlon of the marine systems. Access Is and
has always been rather difficult, although the natural

attractiveness of the region would otherwise‘have been expected
to Induce a great deal of human utilization. ’

The beaches of the Adjunct are wild and spectacular, and
Include the largest such beach (St. Catherines River beach) along

the south shore of Nova Scotla. Non-consumptive and non-
deleterious activities that the beach complexes favour Include
walkling, beach-combing, and wildlife watching. The great
diversity of habitats 1Is reflected In a dlverse waterfowl
assoclation, including Canada geese, eider, scoter, Harlequin
ducks, Piping plover, herons, and Arctic and Common terns.

Ospreys nest In the viclnity and are to be seen hunting over the
shal lows. Otters and seals are also readlly observable by the
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unintrusive watcher on the shore or Iin a small boat. Below the
waterline, but still visible because of the clarity of the water,
is a great variety of marline macrophytes.

The Adjunct provides a unique combination of features for
the Informed aesthete : the monotony of a physically stressed
environment of sun, wind and sand, together with striking
examples of marine diversity.

6.3 Limlitations to Use

In contrast to these recreational opportunities, are some
severe constraints upon the potential for development. As
Indicated In previous sections, the habitats of the Adjunct are
characteristically fraglile, and could easily be damaged by
Inappropriate activities. The sand dune - beach complexes are
easily destroyed by excessive public use, vyet the integrity of
the outer dune systems are essential to malintenance of the
character and features of all the marine habitats within the
Adjunct. Consequentiy, only low Impact recreational actlivities
should be permitted In these areas.

In other ways, recreational activities are limited by safety
considerations. Strong tidal currents preclude safe SCUBA diving
and even boating In most areas of the Park. The complex channel
systems, and rapld changes In their observable features as the
tide changes, make ungulded boating or walking occaslionally

_‘pazardqus. Furthermore, the local weather condltlions change
rapidly, with fog banks that roll in from of fshore obscuring

landform features within only minutes. Under these clrcumstances,
even experlienced boaters find themselves disoriented, unable to
determine a true and safe course through the winding channels.

6.4 Conservation Issues

Because of their fragllity, and their esentlial role In
protecting enclosed basins, the sand dune systems of the Adjunct
must be carefully protected. WIlthout the seaward barrler of the
dunes, the dynamlic tidal sandflats within the Ad junct would be
exposed to direct ocean influences, and would consequently suffer
both from rising sea levels and Intermittent storms that have
great destructive force. The lagoons and wide expanse of sand
flats would quickly disappear.

Saltmarshes also represent vulnerable habltat that could not
tolerate much human interference. Although the contributory role
of the saltmarshes In providing organic matter to support animal
populations In the Intertidal and subtidal zones could not be
evaluated during this short study, it has been shown elsewhere
that such a role is important. Consequently, the Integrity of
these narrow fringing marshes needs to be preserved as far as
possible.
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Of special significance Is the few pairs of Plping plovers

that nest on beaches within the complex. This specles s
extremely limited In distribution In Nova Scotla, and human

activities on other beaches threatens to reduce the number of

blrds even more. For thls reason also, malntenance of the beach
compiex must be of highest priority,

6.5 Management Issues

In addlition to the requirements for conservation and
preservation of critical habltats, management plans must [nclude
the currently explolited clam population within the ad]junct.
Overexploltation of soft-shelled clams Is occurring elsewhere,
and, with the growth of public Interest In marine foods such as
clams and mussels, the potential exists for unacceptable Impact
upon the population of the Adjunct. A sound management plan must
be based upon periodic Investigation of age structure and density
in each of the explolted beds. Such plans should Incorporate
regular monitoring activities.

6.6 Monitoring Requirements

Continued re-evaluation of the marine resources of the
Ad junct, particularly those being exploited, requlres periodic
monitoring of Iintrinslically Important parameters. These should
Include, as Indicated above, age structure and density of clams,

.and the current programme of monltoring Piplng plover nesting

pairs.

Water quality aspects, however, must also be systematically
monlitored at several sites within the Adjunct. Currently, the
mar ine and estuarine waters of the Park are relatively clean, but
the continued growth of Port Joli and - Port Mouton represent
changes that must be carefully watched. The proximlity of these
two centres to the inlets of the AdJjunct suggest a signiflicant
llkellhood that pollution, both industrial and residential,
could compromise the water quality of the Park. Bacterlological
assays should be carried out at frequent and regular Intervals,
because of the established existence of pollution In the region

of Port Mouton, particularly (Menon, 1985; Vanotterloo et al.
1974) .

A potential problem exlists wlith regard to paralytic
shellfish poisoning of the soft-shell clams In the Adjunct. PSP
contamlnation has been recorded In nearby Inlets and harbours,
and although no positive record yet exists for the Adjunct
(Belliveau, 1987), a monitoring programme Invoiving bloassay of
clams taken from the flats during summer should be Instituted.
The possibility that pubilc users of the Adjunct might collect
clams for private consumption during their stay In the Park makes
this recommendation most Iimportant.
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6.7 Future Research

Although numerous suggestions can be made wlth regard to
further studies on the marine systems of the Adjunct, two
stand out because of thelr obvious Importance to
and recreatlional use of the marine lagoons. Perhaps the most
Important, because of its strong Influence on physiography and
hence the marine habitats and communities, concerns information
on sedimentary characteristics and processes occurring within and
outside the lagoons. It Is obvious that the Integrity of the
lagoon Is dependent on the protection afforded by the adjacent
headlands and beach-dune comp |l exes, and that the sedimentation
processes occurring wlthin the lagoon are very dynamic.
Evaluation and documentation of changes that have occurred in the

{ tems
Interpretation

past, as well as monitoring present and future changes, would
provide a baslis for Interpretation of the natural evolution of
these systems. This Information is necessary to distinguish

changes occurring as a result of natural evolutlionary processes
from those brought about by Increased recreatlional activities.
An  evaluation of past changes should be possible through an
analysis of hilstorical aerlal photography, and monitorlng of
present and future changes could be accomplished by field

measurements at selected sites together with aerial surveys over
short time intervals.

Another Item that éhould be studied furthér concerns the
tidal nature of the lagoons. As Indicated earlier, the
morphology of the lagoons Is complex and there Is conslderable

the tide times and helights occurring within
the lagoons and that predicted by tide tables for Port Mouton.

Since a good deal of the recreational potential of the AdJunct
involves elther exploring the marine systems or harvesting soft-

shel i clams, It Is Important that vislitors hav¢ rellable
Information on tide states in order to plan the times of thelr
visits. This iInformation could be easlly obtained by Installling

a serlies of tidal gauges at appropriate locations In the baslins

and comparing the data obtalined with tidal predictions for Port
Mouton.
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8. GLOSSARY OF TERMS
allochthonous - arlsing In another biotope
aufwuchs

autochthonous - arlsing in the biotope under consideration

benthos - organisms attached or resting on the bottom or living
in the bottom sediments

detritus - non-living organic materital

development of volume - a mor

phometric parameter of a water body
Calculated as the ratio

of mean to maximum depth

dystrophic - a trophic ¢

ondition character |zed by brown-water and
high humus content

(literally means badly nour ished)

eplfauna - organisms living on the surface of the bottom,

elther
attached or moving freely

epiphytes - blants that are not rooted

Iin the bottom but rather
Use other sustrates wlthout penetra

ting Into them

euphotic Zone -~ that part of a water

body that contains
sufficient solar

radlation to aliow net growth of

plants
(génerally assumed to be that portion of the water column
containing an amount of solar radiation equal to or greater
than 1% of surface Ilight

Intensity)

extinction coefficlient ~ g calculated valuye which reflects the

rate at which solar energy is attenuated as |t passes
through a body of water. The vertical extinction
coeffliclent is calculated as follows:

eXt. coeff = 1n o - 1n Iz

Z

where 1n Io and 1In Iz 1Is the natural logarithm of
light transmission at the surface and depth z
and z Is depth In meters.

percent
respectively

holoplankton - planktonic organisms that spend thelr active ||fe
Cycle In the plankton community

infauna - Oorganisms that dig

into the bottom substrate or
construct tubes or burrows

llttoral - the shoreward region of a body of water
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macrophytes - large plants; marine macrophytes include

plants such as Ruppia and Zostera as wel |
Fucus and Laminaria

higher
as algae such as

meroplankton - organisms that spend only part of thelr

life cycle
(usually the larval stage)

In the plankton communi ty

nekton - organisms of the

petagic community that are capabile
moving about Independe

of
ntly of water movements

neuston - organisms that live at the alr—watef Interface

pelagic - the region of free water in aquatic systems

plankton - the community of the free water
organisms that have
water movements

consisting of
limited ability to move Independent of

phytoplankton - the plant portion of the plankton

relative depth - a morphometric parameter of a water body that
describes the maxXimum depth as a percentage of the mean
depth. It is calculated as follows:

relative depth =50 Im v 7

v Ao

where 7m = maximum depth
Ao = surface area

shoreline development - a morphometric parameter of a water body
calculated as the ratlo of the

length of the shoreline to
the length of the circumference of a circle of equal area to
that of the water body:
shoreline development = L
) 2v m Ro
where | = shorel ine length

Ao = surface area

portion of the plankton
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“Appendix A,

Results of Analyses of Specimen Collections




Appendix A.1 List of samples/organisms collected along St.
Catherlnes Rliver Basin Transect

Sample No.: T1
Locatlon: St. Catherlines River Basln, Transect Statlon 1
Date: June 12, 1987
Type of sample: Benthlc Core (2 10 cm X 10 cm samples comblned)
Specimens collected:
Chirldotea coeca (12)

Sample No.: T1-b )
Location: St. Catherines River Baslin, Transect Station 1
Date: June 12, 1987
Type of sample: Benthlc Core (2 10 em X 10 cm samples comblned)
Speclimens col lected:
Polychaete (unlidentlifled) < 1)y

Sample No.: Til-c
Locatlon: St. Catherines River Basln, Transect Station 1
Date: June 12, 1987

Type of sample: Benthic Core (2 10 cm X 10 cm samples comblned)
No specimens collected

Sample No.: T2

Location: St. Catherines River Basln, Transect Station 2

Date: June 12, 1987

Type of sample: Benthlic Core (2 10 cm X 10 cm samples comblned)
Speclimens collected:

Beach fleas (Famlly Talltridae) ( 1)
Ophella [Ilmaclna (19) '

Sample No.: T3
Locatlion: St. Catherines River Basin, Transect Station 3
Date: June 12, 1987
Type of sample: Benthic Core (2 10 cm X 10 cm samples comblned)
Specimens col lected:
Chirldotea coeca ( 7)
Nerels sp. ( 2)
Etone flava ( 1) .
Polychaetes (unidentiflied { 3)

Sample No.: T4
Location: St. Catherlnes River Baslin, Transect Statlon 4
Date: June 12, 1987 :
Type of sample: Benthlc Core (2 10 cm X 10 cm samples comblned)
Speclmens collected:
Chirldotea coeca ( 1)
Insect larvae (unidentifled) ( 1)
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Sample No. T5

Locatlon: St. Catherlnes River Basin,

Date: June 12, 1987

Type of sample: Beach Selne

Speclmens collected:
Chliridotea coeca (14)
Carclnus maenus ( 1)
Pleurobrachla plleus
Gammarus lawrenclanus
Gammarus oceanlicus
ldotea balthica (20)
Pungittius pungltius ( 2)
Gasterosteus aculeatus
Apeltes quadracus

Transect Station 5



AppendlIx A.2

List of samples/organisms collected along Little

Port Joll Basln Transect

Sample No.: T1

Location: Little Port Joll Basin, Transect Station 1

Date: June 9, 1987

Type of samplie: Benthic Core (10 cm X 10 cm)

No speclimens collected

Sample No.: Ti-b

Location: Little Port Joli BasliIn
Date: June g, 1987

Transect Station 1

Type of sample: Benthlc Core (10 cm X 10 cm)

Specimens collected:

Beach fleas (Famlly Talltridae) (abundant)

Sample No.: T2

Locatlon: Little Port Joll Baslin,

Date: June 9, 1987
Type of sample: Benthic Core (2
Specimens collected:
Chirldotea coeca ( 1)
Lacuna vincta ( 1)
Polydora ligni (abundant)
Nerels sp. (abundant)

Transect Station 2

10 cm X 10 cm samples combined)

Polychaete (unidentlified caplitellid)

Polythaete (unidentified) ( 1)

Sample No.: T2-b
Locatlon: Little Port Joli Basin,
Date: June 9, 1987
Type of sample: Hand Collectlon
Specimens collected:

Mya arenaria (common)

Sample No.: T3
Location: Little Port Joll Basin,
Date: June g9, 1987
Type of sample: Hand Collectlon
Specimens collected:

Jaera marina

Littorina littorea

Mytilus edulils

Sample No.: T4

Location: Little Port Jolt Basin,
Date: June 9, 1987

Transect Station 2

Transect Station 3

Transect Station 4

Type of sample: Benthlc Core (10 cm X 10 cm)

Specimens collected:
Jaera marina ( 1)
Chirldotea coeca ( 2)
Littorina Iittorea (common)

Mytllus edulis ({common)
Gemma gemma




lLacuna Vincta

Nereijs Virens (abundant)
Nereils Succlneg

Polydora llgni (abundant)
— Polychaete (unldentlFled)

Sample No.: Tg

Location; Little Port Joyy Basin, Transect Station g
Date: June 9, 1987

= Type of Sample: Benthijc Core
Speclmens Collec

ted:
Chlrldotea coeca ( 2)
B Gemma gemma ( 6) -

Nereis Virens ( 5)
Splo Setosg (1)

(2 10 Cm X 10 cm Samples comblned)

Sampie No.: 17
" Location: Littie port Joll Basin,
- Date: June 9, 1987
Type of Sample: Shrlmp N
Speclmens collected:
Crangon sept
Chlrldotea Coeca (23)
thtorlna llttorea
Gemma gemma ( 1)
. ‘,Jdoteagbalthlca (1)
Gammarys lawrenclanus (45)

Transect Station 7

et Collectlon

— Sample No.: T8
Locatlon: Littg

€ Port Jol| Basin, Transect Station 8
Date: June 9, 1987
- Type of Sample: Benthijc Core (10 cm X 1o cm)
- Specimens Collecteqd:
A Chlrldotea

Coeca ( 4)

Sampie No.: T9 -
. Locatlon: Litt Basln,
Date: June 9, 1987
— Type of Sample: Benthic Core
L No Specimens Collecteqd

Transéct Station S
(10 cm X 10 cm)

Sample No. : T10
Locatlon: Litt)

Transect Station 10
"k Date-: June 9, 1987
Type of Sample. Benthic Core

(10 em x 10 cm)

'Speclmens Collected: .

fL Chiridotea Coeca ( 1) '
Nereis Virens /Nerejls Succlnea (abundant)

_[ Polydora ligni (abundant)

Hydrob!a minutyg
Mya arenaria ( 7)

e Port Jolii Basln,



Sample No.: T11
Locatlon: Little Port Joli Baslin, Transect Statlon 11
Date: June 9, 1987
Type of sample: Benthlc Core (10 cm X 10 cm)
No specimens collected

Sample No.: T12 .
Locatlon: Little Port Joll Baslin, Transect Statlon 12
Date: June S8, 1887
Type of sample: Hand Collectlion
Speclimens coltlected:

Gemma gemma

Hydroblia minuta

Unidentifled salt water mite

Sample No.: T13
Locatlon: Little Port Joll Baslin, Transect Statlon 13
Date: June 9, 1987
Type of sample: Hand Collection
Specimens collected:
Mytllus edullis
Carcinus maenus
lLittorina llttorea
Fundulus heteroc!{tus

Sample No.: T14
Locatlon: Little Port Joll Basln, Transect Station 14
Date: June 9, 1987
Type of sample: Shrimp Net Collectlion
Specimens collected:
Fundulus heterocllitus ( 2)
Gasterosteus aculeatus ( 1)
Apeltes quadracus ( 1)
Argulus sp. ( 1)
Sample No.: T156
Locatlon: Little Port Joll Basin, Transect Statlon 156
Date: June 9, 1987
Type of sample: Hand Collection
Specimens collected:
Nerels sp.
Polydora lignl
Nicomache lumbricalls (common)
Polychaetes (unidentliflied)

Sample No.: T15-b
Locatlion: Little Port Joll Basln, Transect Statlion 156
Date: June 9, 1987
Type of sample: Shrimp Net Collection
Specimens col lected:
Crangon septemspinosa ( 2)
Carclnus maenus ( 5)
Cancer lrroratus ( 1)
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Appendix A.3 List of samples/organisms collected by seine,

benthic, or hand collection methods at St.
Catherines River Basin

Sample No.: A

Location: st. Catherines Rilver Basin, exposed sandflat
Date: June 11, 1987

Type of Sample: Benthic Box Core (2
Specimens Col lected:

Chiridotea coeca (abundant)

10 cm by 10 cm samples combined)

Sample No.: B*
Location: sSt. Catherines River Basin, main channel
Date: June 11, 1987
Type of Sample: Beach Selne
Specimens Collected:
Crangon septemsplnosa ( 8)
ldotea balthica ( 2)
Ammodytes amer lcanus ( 94)
Gasteroteus aculeatus ( 1)

Sample No.: C*

Location: St. Catherines River Basin, salt marsh poo !

Date: June 11, 1987

Type of Sample: Beach Seine

Specimens Collected:
Carctinus maenas « 7)
Fundulus heteroclitus ( 64)
Pungitlus bungitius ( 4)
Myoxocephalus aeneus ( 1)
Gasterosteus wheatlandi ( 19)
Gasterosteus aculeatus ( 186)

Sample No.: D°

Locatlion: st. Catherines River Basin, eelgrass beds
Date: June 11, 1987

Type of Sample: Hand Collection

Specimens Collected:

Llittorina li1ttorea (abundant)

Sample No.: E'
Location: st. Catherines River Basin, seaweed beds
Date: June 11, 1987
Type of Sample: Hand Coltection
Specimens Collected:
Asterias vulgaris
Strongylocentrotus droebachiensis
ldotea balthica (abundant)
Jaera marina
- Gammarus oceanlcus {abundant)
Gammarus lawrencianus
Gammarel lus angulosus
Jassa fulcata
Lacuna vincta
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Appendix A.4 List of samples/organisms collected by seine, benthic,
or hand collection methods at Little Port Joli Basin

Sample No.: A
Location: Basin Lake, mudflat
Date: June 9, 1987
Type of Sample: Benthic grab
Specimens Collected:
Carcinus maenas ( 2)
Littorina littorea ( 3)
Acmaea testudlnalis ( 1)
Nerels virens/Nereis succinea ( 14)

Sample No.: C
Location: Basin Lake, eelgrass bed
Date: June 8, 1987
Type of Sample: Shrimp Net Collection
Specimens Collected:
Carcinus maenas ( 2)
Littorina tittorea
Crangon septemsplinosa (abundant)
Idotea balthica ( 28)
Gammarus oceanicus ( 2)
Mysis stenolepis (abundant)
Praunus flexuosus (abundant)
Aurella auritta ( 1)
Gasterosteus aculeatus ( 18)

Sample No.: D

Location: Little Port Joli Basin

Date: June 10, 1987

Type of Sample: Beach Seine

Specimens Collected:
Pleurobrachla plleus ( 93)
Mytilus edulis ( 1)
Gasterosteus aculeatus ( 4}
Gasterosteus wheatlandl ( 10)
Urophyclis rpglus ( 1)

Sample No.: D-2

Location: Little Port Jolil Basin

Date: June 10, 1987

Type of Sample: Beach seine

. Specimens Collected:

' Strongylocentrotus droebachiensis ( 1)
Carcinus maenas ( 6)

Crangon septemspinosa (abundant)
I[dotea balthica ( 5)

ldotea phosphorea ( 1)
Chiridotea coeca ( 5)

Gammarus lawrencianus ( 86)
Gammarus oceanicus ( 2)
Neomysis americana ( 1)

Praunus flexuosus ( 13)
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Modiolus modiolus

Doto coronata

Electra pliosa
Gastropod (unidentified)
Amphipod (unidentified)



.8 LB L B (_B® L B __B® (B L_B®B L B N L9 L& L.

.\ B

Littorina littorea ( 3)
Mytllus edulis ( 5)
Gasterosteus aculeatus ( 2)
Gasterosteus wheatlandl { 1)
Urophyclis regius ( 4)
Ammodytes amer icanus (117)
Pseudopleuronectes americanus ( 3)
Clupea harengus ( 43)
sSyngnathus fuscus ( 1)
Myoxocephalus aeneus ( 2)
Pollachlus virens ( 4)

Sample No.: E
Locatlion: Little Port Joli Basin, salt marsh edge
Date: June 10, 1987
Type of Sample: Hand Collection
Specimens Collected:
Gammarus lawrencianus (abundant)
Ophetia ftimacina ( 6)
Jaera marina ( 1)
Anomia aculeata ( 1)

Sample No.: E-=2

Location: Little Port Joli Basin, salt marsh pool

Date: June 10, 1987

Type of Sample: Beach Seine

Specimens Collected:
Carcinus maenas ( 11)
Crangon septemsplinosa (abundant)
Scyphozoan (unidentiflied) ( 1)
Gasterosteus aculeatus ( 4)
Gasterosteus wheatlandi ( 1)
Fundulus heteroclitus ( 27)
Angulilla rostrata ( 3)
Punglitius pungitius ( 12)

Sample No.: E-3
Locatlion: Little Port Joll Basin, mudfiat
Date: June 10, 1987
Type of Sample: Benthic Box Core (several combined)
Specimens Collected: ‘
Arenicola marina ( 7)
Nerels virens ( 14)
Nepthys caeca
Mya arenaria ( 2)
Carcinus maenas ( 1)
Gammarus lawrenclanus

Sample No.: F
Location: Little Port Joli Basin, channel
Date: June 10, 1987
Type of Sample: Beach Seine
Specimens Collected:
Crangon septemspinosa
Pleurobrachia pileus
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Gasterosteus aculeatus
Gasterosteus wheatlandi
Urophycis reglus ( 12 )
Pol lachlius virens ( 1)

(

(

1)
10)
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Appendix A.5 List of samples/organisms col lected

Sample No.: PM-1
Location: Port Mouton Headpond
Date: June 11, 1987

Type of Sample: Horizontal Zooplankton Tow
Speclimens Collected:

Copepod Naupl!lii (153)
Copepodites ( 59)
Eurytemora affinis ( 3)

Harpacticoids (numerous unidentified species)
Gastropod eggs ( 10)
Ostracods ( 64)

Hemiptera (water boatmen) ( 2)

Sample No.: PM-2

Locatlion: Port Mouton Headpond
Date: June 11, 1987

Type of Sample: Dlpnet Collection
Specimens Collected:

Hemiptera (water boatmen) (abundant)

Harpacticolds (numerous unidentified species)
Ostracods ( 3)

Insect larvae (unidentified)

Sample No.: PM-3
Locatlon: Port Mouton Headpond
Date: June 11, 1987
Type of Sample: Shrimp Net Collection
Specimens Collected:
Gasterosteus aculeatus ( 13)
Apeltes quadracus ( 12)

Sample No.: BC-1
Location: Boyd's Cove Headponds
Date: June 13, 1987

Type of Sample: Horizontal Zooplankton Tow
Specimens Collected:

Harpactlicolids (numerous unidentified species)
Ostracods ( _1)
Bosmina sp. ( 9)

Cladocerans (unidentified) ( 18)

~ Sample No.: BC-2

Location: Boyd's Cove Headponds

- Date: June 13, 1987

Type of Sample: Beach Seine
Specimens Collected:
Pungitius pungitius ( 5)
Caddisfly larvae ( 8)
Odonata nalad ( 1)

in headponds

( 5686)

(100)




Sample No.: PJ-1

Location: Port Joli Headpond

Date: June 13, 1987

Type of Sample: Beach Seline

Specimens Col lected:
Pungltlius punglitius ( 21)
Apeltes quadracus ( 8)
Fundutus heteroclitus ( 38)
Tadpoles (unidentified) ( 30)

i



Appendix B.

Location of Sample Stations, Anchor Stations and
Transects for Little Port Joli and St. .
Catherines River Basins
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