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ABSTRACT 

Bernier, R., S. Desormeaux, E. Tremblay, A. Locke. I. Kaczmarska, G. Klassen and P. 
Strain. 1997. Plankton Community Structure and Productivity in the Kouchibouguac 
National Park Estuaries. Part I. Preliminary results from the ice-free season, 1997. Parks 
Canada- Eco. Monit. Data Rep. 

Preliminary data on physico-chemical characteristics, phytoplankton and zooplankton 
composition of the Kouchibouguac and St. Louis estuaries, Kouchibouguac National Park, in the 
ice-free season of 1997 are summarized. Fourteen stations representing estuarine habitats in the 
tidal rivers, lagoons, and outside the barrier islands were sampled from May to November 1997. 
A diverse biota of phytoplankton and zooplankton included new records for the Park, region and 
Canada. There are virtually no published reports of estuarine phytoplankton in this region, thus 
almost all smaller diatoms and all microflagellates are new records. One phytoplankton species, 
the diatom Chaetoceros salsugineus, might have invaded the east coast of Canada from the Sea 
of Japan, presumably in ballast water. The diverse and abundant flora of microflagellates is very 
different from the phytoplankton composition of the Baie des Chaleurs which appears to be 
dominated by large planktonic diatoms. Of the 47 zooplankton taxa identified to date, 25 are 
new records for the Park, and one species is a new record for the region. The zooplankton of the 
Kouchibouguac and St. Louis systems include many of the species recorded in the Miramichi 
estuary, the only local estuary previously studied. However, there are differences in species 
distribution, abundance and dominance patterns which may influence the suitability of the Park 
estuaries as nursery areas for early development of larval fish and habitats of other species. 
Further research will ascertain whether these differences result from estuary size. 

RESUME 

Bemier, R., S. Desormeaux, E. Tremblay, A. Locke, I. Kaczmarska, G. Klassen and P. 
Strain. 1997. Plankton Community Structure and Productivity in the Kouchibouguac 
National Park Estuaries. Part I. Preliminary results from the ice-free season, 1997. Parks 
Canada- Eco. Monit. Data Rep. 

Les donnees preliminaires des characteristiques physico-chimiques, de la composition du 
phytoplancton et du zooplancton dans les estuaires de Kouchibouguac et St. Louis, situes dans le 
Pare National de Kouchibouguac, sont resumees pour la periode sans glace de 1997. Quatorze 
stations, representant les habitats riverains, lagunaires et les regions a l'exterieur des dunes de 
sable furent echantillonnees a partir du mois de mai jusqu'a novembre 1997. Divers especes de 
phytoplancton et de zooplancton identifiers sont de nouvelles especes dans le Pare, la region 
environnante et au Canada. La presence de petits diatomes ainsi que les especes de 
phytoflagelles sont de nouveaux ajouts dans la flore de cette region. L'invasion du diatome, 
Chaetoceros salsugineus, provient probablement des eaux ballastes de navires etranges car cette 
espece est seulement connue dans la mer du Japon. Parmi les 47 taxons de zooplancton 
identifies, 25 sont des nouveaux records pour le Pare et une espece est un record pour la region. 
Le zooplancton des estuaires de Kouchibouguac et St. Louis sont similaires aux especes 
retrouvees dans l'estuaires de la Miramichi. Cependant, il y a des differences concernant la 
distribution, l'abondance et la dominance des especes. Ceci pourrait reduire la commodite des 
estuaires du Pare comme regions nourricieres pour les stades lavaires des poissons et, 
consequement, l'habitat pour d'autres especes. Des recherches plus approfondies vont permettre 
de determiner si ces differences sont une consequence de la grandeur des estuaires. 
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1.0 INTRODUCTION 

Microscopic phytoplankton and zooplankton form the base of most pelagic aquatic food webs. 
Thus, a healthy plankton community is essential for sustenance of aquatic organisms at higher 
trophic levels, including all recreationally and commercially important fish and shellfish. In 
Kouchibouguac National Park (KNP), organisms at higher trophic levels (invertebrates, fish, 
insects) have been intensively studied (DesLoges, 1980; Beach, 1988), but knowledge of the 
plankton community structure and production is very limited. In general, only a few studies on 
phytoplankton communities have been conducted in the Canadian Maritimes region, for example, 
in Passamaquoddy Bay (Bailey, 1912, 1917; Davidson, 1932; Lakshiminarayana, 1983), Baie 
des Chaleurs (Brunei, 1962; Legendre, 1971) and Bay of Fundy (Bailey, 1915; Martin et al., 
1995). Zooplankton are well known from the Bay of Fundy (e.g., Corey, 1983a,b; Newman and 
Corey, 1984; Locke and Corey, 1988, 1989) and Scotian Shelf (e.g., Markleet al., 1980; 
Tremblay and Roff, 1983a,b) but have rarely been studied in the southern Gulf of St. Lawrence. 
To date, the only studies of estuarine zooplankton in the southern Gulf have been in the Baie des 
Chaleurs (Lacroix and Legendre 1964), Miramichi estuary (Bousfield 1955, Locke and 
Courtenay 1995a,b) and Shediac Bay (Citarella 1982). Since information on phytoplankton and 
zooplankton species has never been documented for Kouchibouguac National Park, the data 
provided in this study will serve as baseline data for long-term monitoring and impact studies as 
well as adding to the biodiversity inventory of the Park. 

The research described in this report is laying a foundation for the understanding of the structure 
and productivity of the phytoplankton and zooplankton communities, as well as their spatial and 
temporal distribution in major estuaries of Kouchibouguac National Park over a period of 18 
months. Water physico-chemistry (temperature, salinity, dissolved oxygen, light penetration and 
nutrient concentration) recorded concurrently will allow us to relate observed biological 
phenomena to environmental conditions in the estuaries. The data analysed thus far and 
presented here include field records of temperature, salinity, and dissolved oxygen at 
near-surface and near-bottom depths, vertical profiles of temperature and salinity, Secchi depth, 
chlorophyll a concentrations at near-surface and near-bottom, and preliminary laboratory 
analyses of phytoplankton and zooplankton samples. Sampling and analyses will continue 
through the winter of 1997-98. We also examined floating mats of macroscopic algae and their 
epiphytes which often contribute considerably to the phytoplankton of shallow water bodies. 
This latter work is the subject of an Honours Thesis at Mount Allison University and will be 
published separately. 

2.0 MATERIAL AND METHODS 

Fourteen sampling stations were chosen throughout the St. Louis and Kouchibouguac estuaries in 
order to adequately sample the full range of physico-chemical environments (Fig. 1). It is 
expected that these stations represent the full range of zooplankton communities present in the 
estuary. Due to increased difficulty in sampling stations land 3, they were omitted from the 
sampling scheme. However, physical and chemical data were collected at these stations on the 
first few sampling trips. Samples were collected every two weeks from May to mid-August 1997 
and monthly from September to November 1997. Vertical profiles of temperature, salinity and 
photosynthetically active radiation were obtained in mid-channel at each station using a SBE-19 
Seabird Profiler (Seabird Electronics Inc., Belle, WA). Data were recorded at 0.5 sec intervals 
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while the profiler was slowly lowered from an anchored boat. For the vertical profiles, data were 
averaged over 0.1 m depth. 

Additional samples of surface (approximately 0.25-0.5 m depth) and bottom (within 1 m of the 
bottom) waters were obtained in mid-channel using a Niskin bottle modified to sample in the 
horizontal position. Temperature and salinity were measured using a thermometer (VWR No. 
C1067-855, VWR/Canlab, Halifax, NS) and refractometer (No. A366ATC, Ben Meadows Co., 
Atlanta, GA). Duplicate water samples for nutrient (silica, nitrogen, phosphorus) analysis were 
placed in 30 mL pre-washed Nalgene bottles, held in a cooler on ice and frozen the same day. 
Frozen samples will be analysed using colorimetric techniques on a Technicon AutoAnalyzer II 
(Strain and Clement, 1996). 

Samples for determination of chlorophyll a concentration and phytoplankton community 
composition were collected at near-surface and near-bottom in the same manner as the 
physico-chemical samples. For chlorophyll samples, 1 L of seawater was filtered through 
Whatman glass fibre filters (GF/C, pore size 1.2 pm) using a hand vacuum pump. Filters were 
wrapped in aluminum foil and frozen. Chlorophyll a extractions were performed within two 
month of sampling. Chlorophyll was extracted in 10 mL of 90% acetone overnight in the freezer 
(Strickland and Parson, 1968). Chlorophyll a_was measured in a Turner Design M-10-005 R 
Fluorometer at an excitation wavelength of 430 nm. Conversion of fluorescence to chlorophyll a 
followed Waite et al. (1997). 

For phytoplankton, 1L of water was preserved with Lugol's solution. Samples were settled at 
least 24 hours in Utermohl settling chambers and then concentrated to 100 ml. Phytoplankton 
were routinely identified and enumerated using the inverted microscope method (Sournia, 1978). 
A Zeiss light transmitted inverted microscope was used for counting and identification of 
phytoplankton. Four hundred cells (size > 3pm) were counted per sample. Scanning electron 
microscopy (SEM) and light microscopy (DIC) were used for difficult taxonomic identifications 
as required. 

Vertical and oblique zooplankton samples were collected using conical tow-nets of 50 cm mouth 
openings with 64 and 500pm Nitex mesh respectively. Both nets were fitted with a General 
Oceanics flowmeter to quantify the volume of water filtered. The 64pm net was lowered from 
the anchored boat to the bottom and pulled up in order to sample the entire water column. The 
500 pm net was towed behind the boat at approximately 1-2 knots for 5 minutes. All samples 
were preserved in 5-10% formalin solution with ambient estuarine water. All 64 pm tow-net 
samples were mixed with a Fisher Thermix Stirrer (Model 120 M) and sub-samples were 
extracted with a volumetric pipette until a total of 300 specimens was counted under a dissecting 
microscope. The 500 pm tow-net samples were fractionned to equal beaker splits using the 
Huntsman Marine Laboratory (HML) beaker technique (Van Guelpen et al., 1982). Specimens 
were counted in entire splits (sub-sample) until counts reached a total of 300. If a sample 
contained less than 300 specimens in total, the whole sample was counted. Both invertebrate 
zooplankton and ichthyoplankton specimens were identified to lowest practical taxonomic level 
under a dissecting microscope using the following references: 

Cnidaria and Ctenophora: Gosner (1978), Shih (1977), Smith (1977), Todd and Laverack 
(1991) 

Rotifera: Ruttner-Kolisko (1974), Thane-Fenchel (1968) 
Mollusca: Gosner (1978) 
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Arachnida: Barnes (1987) 
Cladocera: Delia Croce (1974), Todd and Laverack (1991) 
Ostracoda: Poulsen (1969) 
Copepoda: Farran (1948a, b), Roff (1978), Todd and Laverack (1991), Wilson (1932) 
Branchiura: Wilson (1932) 
Cirripedia: Lang (1980) 
Mysidacea: Brunei (1960) 
Amphipoda: Bousfield (1973), Gosner (1978) 
Isopoda: Schultz (1970) 
Decapoda: Needier (1941), Williamson (1957) 
Osteichthyes: Booth (1967), Cooper (1978), Fahay (1983), Hardy (1978), Little and Messieh 

(1981) 
Insecta: Borroret al. (1981) 

3.0 RESULTS AND DISCUSSION 

3.1 Physico-chemical characteristics 

Temperatures, salinities and Secchi depths varied within and among river systems as well as 
seasonally (Table 1, Appendices 1 and 2). 

3.1.1. Kouchibouguac River and Lagoon 

For purposes of this discussion, the Kouchibouguac river-lagoon system is defined as stations 4-
9. In order of increasing distance from the sea, the sequence of stations is: 5 (lagoon mouth), 4 
(lagoon), 6, 7, 8, and 9 (river). 

Early May temperatures in the Kouchibouguac river and lagoon ranged from 7-8 °C (surface) and 
4-9°C (bottom). Salinities from station 6 (Loggiecroft) to station 9 (highway 117 bridge) were 
fresh to at least 2 m depth. Station 7, with a maximum depth of 4.6 m, had bottom salinities in 
excess of 23 PSU, but this station is situated at a deep "sinkhole" in the river which typically 
traps high-salinity water. By May 20 a salt wedge had penetrated upstream at least to station 8, 
although station 9 was wholly freshwater. Temperatures had only warmed by 1-2°C. A well-
defined pycnocline occurred at a depth of 1 m. 

Temperatures in June warmed to a maximum of 15°C. Lagoon stations were vertically well-
mixed but a well-developed halocline was present at approximately 1.5 m depth in the river 
stations. The salt wedge extended above station 9 (highway 117 bridge) with bottom salinities of 
17-24 PSU although surface salinities were fresh. Secchi depths within the river and lagoon 
ranged from 1.25 to 2.5 m, and increased to 4-4.5 m at the lagoon mouth (station 5). 

July and August temperatures peaked at 24°C. As in June, lagoon stations were usually well-
mixed, but both temperature and salinity were stratified in the river stations. The salt wedge 
receded below the highway 117 bridge in early July but extended above the bridge in late July 
and August. The lowest Secchi depths of the season (0.5 m) were observed in early July. Water 
clarity at station 5 was close to twice that observed elsewhere in the system on most dates. 

By late September, temperature had cooled to 11°C and by mid-November it was in the range of 
6-7.5°C. Vertical stratification was much weaker in autumn. The salt wedge continued to extend 
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upstream of the highway 117 bridge. Water clarity in the lagoon and lower river stations 
increased to its highest values of the season (e.g., Secchi depths of 3-5 m). 

3.1.2. Black River system 

The Black River system is defined here as stations 1-3. For the most part, this discussion will be 
confined to station 2, since stations 1 and 3 were sampled only a few times early in the season. 
Due to the difficulty of accessing these two stations in low water conditions, routine sampling 
was discontinued in June. 

On May 20, temperatures at the three Black River stations were similar to those in the 
Kouchibouguac system and ranged from 9-10°C. The salt wedge extended to station 1, just below 
the highway 117 bridge. Vertical stratification was weak except at station 1. 

The salt wedge was located in a similar position in early June, and temperatures had increased to 
14-15°C. We have no data to infer the position of the salt wedge in this system on subsequent 
dates. 

Trends in temperature and Secchi depth at station 2 were similar to those observed for the 
Kouchibouguac system. Temperatures continued to rise to a maximum of 24°C in mid-August, 
then declined to 6°C by mid-November. Salinity at station 2 was never measured at less than 14 
PSU (surface). Secchi depth increased from 1.1 m in early June to 2.5 m in November. 

3.1.3. St. Louis River and Lagoon 

The St. Louis system includes station 12 (at the mouth of the lagoon), stations 11 and 13 (both 
located in the lagoon), and river stations 14 through 17. Station 17 is the furthest upstream, near 
the highway 132 bridge. An additional station, labelled in Table 1 as "sea", located in 13 m of 
water outside the lagoon mouth, was sampled on July 3 in exceptionally calm weather. A station 
located in the channel midway between stations 11 and 13 (labelled as station 11/13) was 
sampled on November 12 when low water conditions prevented access to the two lagoon 
stations. 

Temperatures rose from 7-9°C in late May to a maximum of 23 °C in July and August, then 
declined to 5°C in November (from the CTD readings; which are considered more reliable than 
the thermometer readings of 1-4.5°C for this date). With the exception of the initial sampling on 
May 21, when a freshwater or near-freshwater surface layer was present in the first metre of 
depth just below the highway 132 bridge (station 17), all samples from the St. Louis River had 
detectable levels of salinity. On all dates, the salt wedge extended at least to the highway 132 
bridge. As in the Kouchibouguac system, the river stratified vertically during the summer months 
(with pycnocline depth usually between 1 and 2 m) but wind mixing prevented much 
stratification in the lagoon. Interestingly, there was more evidence of stratification at station 12 
in the lagoon mouth than at the two lagoon stations, but this may be a consequence of the greater 
depth at station 12. 

Trends in Secchi depth were similar to those observed in the Kouchibouguac system. Station 12, 
at the mouth of the St. Louis lagoon, had Secchi depths comparable to those at station 5, at the 
mouth of the Kouchibouguac lagoon. These Secchi depths were almost always greater than 
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elsewhere in the system. The "sea" station sampled on July 3 had a Secchi depth more than 
double that of station 12 on that date. This is consistent with observations of increased water 
clarity in the Northumberland Strait just outside other barrier-island lagoons, such as the 
Miramichi estuary (e.g., Bousfield 1955a; Locke and Courtenay 1996). In general, Secchi depth 
decreased with increasing distance upstream during spring and summer, although this was less 
evident in autumn. 

3.2 Phytoplankton 

Chlorophyll a analysis showed that the St-Louis River had consistently higher chlorophyll a 
concentrations (mean of 0.294 pg/L) than the Kouchibougac River (0.185 pg/L) (see ranges of 
values in Table 2). In lagoons, the opposite was found; mean chlorophyll a concentrations were 
0.406 ug/L and 0.217 pg/L respectively. A spring peak of chlorophyll a concentrations was 
present in the Kouchibouguac lagoon stations (maximum 1.1 pg/L) but absent in the river 
(Appendix 3.1 and 3.2). In contrast, the spring peak in the St-Louis waters was lower in the 
lagoon (maximum of 0.217 pg/L) than in the river (maximum of 0.945 pg/L). Seasonal changes 
were small in both the Kouchibouguac and St. Louis, although peaks occurred at different 
stations at different times (Appendix 3.1 and 3.2). In October 1997, although chlorophyll a 
concentrations were similar in both the St. Louis and Kouchibouguac system, these 
concentrations were consistently higher than earlier in the season with a few exceptional peaks 
(Table 2). 

Phytoplankton taxa found to date in the Kouchibouguac River and Lagoon re listed in Table 3. 
The most common species found in late winter/early spring in the Kouchibouguac lagoon were: 
Thalassiosira nordenskioeldii, Th. rotula, Chaetoceros debilis, Ch. diadema, and Melosira 
arctica (Table 4). Flagellates such as Cryptomonas appendiculata, Eutreptiella marina, other 
euglenophytes, dinoflagellates, and phytoflagellates were common later in the season (Table 4). 
These species continued to dominate the phytoplankton community increasing by an order of 
magnitude up the Kouchibouguac River (Table 2, Table 4 and Appendix 4). Phytoplankton of the 
St. Louis estuarine system will be identified during the remainder of this grant tenure. 

Macroscopic algae, such as Capsosiphon fulvescens, Enteromorpha intestinalis.and E. clathrata 
were found during late July and August 1997. These algae carried a diverse and abundant 
community of epiphytic diatoms such as Ctenophora pulchella, Cocconeis scutellum, C. 
pediculus and Melosira jurgensii. 

The local bogs contributed numerous acidophilic species such as Cymbella sp., and 
Ankistrosdesmus falcatus. Although these species are not planktonic, they were often found 
suspended in the water column. In addition to the native phytoplankton, we also encountered 
Chaetoceros salsugineus, an exotic diatom known from the Sea of Japan. 

Total cell concentrations in the Kouchibouguac estuarine system appear high (Appendix 4). The 
numbers were generally higher in the lagoon and the river mouth than further up river. However, 
most of the Kouchibouguac phytoplankton community consists of microflagellates which 
contribute little to primary biomass compared to the Miramichi River estuary and the Baie des 
Chaleurs which are dominated by large planktonic diatoms. Kouchibouguac estuary 
phytoplankton suggest a low nutrient environment for the organisms at the higher trophic levels. 
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3.3 Zooplankton 

Vertical and oblique zooplankton samples from May 6 to July 3, 1997 have been processed. 
Remaining samples (July 15, 1997 to April 1998) will be analyzed before May 1998. To date, 48 
taxa of invertebrate zooplankton and ichthyoplankton have been identified in the estuaries of 
Kouchibouguac National Park (Table 5). Of these 48 taxa, 26 are new records for the Park. 
Other species identified have previously been catalogued in the resource description compiled by 
Beach (1998) for Kouchibouguac National Park. 

Invertebrate zooplankton (number per m3) caught in the vertical hauls of the 64 um mesh net 
consisted mostly of copepod nauplius and copepodid stages, rotifers (Ascomorpha sp., Notholca 
sp.) and oligochaetes (Table 6). 

Jellyfish {Obelia sp., Sarsia sp.), cladocerans ( Evadne nordmanni, Evadne tergestina, Podon 
leuckarti), adult copepods (Acartia sp., Calanus finmarchicus, Centropages hamatus, 
Eurytemora sp., Labidocera aestiva, Pseudocalanus minutus, Temora longicornis, Tortanus 
discaudatus) and decapod larvae (Crangon septemspinosa larvae and crab zoeae) were the 
dominant invertebrate zooplankton (number per 1000 m3) sampled in the oblique hauls of the 
500 um mesh net (Table 7). 

Ichthyoplankton were most abundant in June and July. Dominant taxa in the oblique 500 urn 
mesh net hauls were gaspereau (Alosa pseudoharengus and Alosa aestivalis), rainbow smelt 
(Osmerus mordax), Atlantic tomcod (Microgadus tomcod), sand lance (Ammodytes sp.), and 
unidentified flounders (Pleuronectes sp.). Juvenile fish identified were fourspine and threespine 
sticklebacks (Apeltes quadracus and Gasterosteus aculeatus). 

Species diversity was higher at stations situated in the Kouchibouguac and St. Louis lagoons and 
just outside the barrier islands compared to stations further up river. Invertebrate zooplankton 
and ichthyoplankton abundances were higher in the St. Louis than in the Kouchibouguac estuary 
(Table 6 and 7). 

Calanoid copepods were the most abundant of all groups of invertebrate zooplankton sampled. 
Acartia sp., Centropages hamatus and Tortanus discaudatus were the most common and 
abundant species found throughout the Kouchibouguac and St. Louis estuaries. The brackish-
water calanoid Acartia sp. was found at all stations whereas the marine calanoids C. hamatus and 
T. discaudatus were most abundant in the lagoons and stations outside the barrier islands. 
Substantial numbers of these calanoids were also found in the Miramichi estuary (Bousfield, 
1955b; Locke and Courtenay, 1995a) and Shediac Bay (Citarella, 1982). However, Eurytemora, 
an abundant calanoid in both the Miramichi estuary and Shediac Bay, was relatively scarce in the 
Kouchibouguac and St. Louis estuaries from late May to early July. The deficiency of this 
particular copepod species may very well explain the low abundances of fish in these estuaries 
compared to the Miramichi estuary for it is an important component of the diet of gaspereau, 
smelt, and tomcod (Locke and Courtenay, 1995a). 

Ichthyoplankton diversity in the Kouchibouguac and St. Louis estuaries (7 taxa representing 6 
families) was lower than diversity in the Miramichi estuary (18 taxa representing 13 families) 
from late May to early July. Lower abundance and taxonomic diversity in the Kouchibouguac 
Park's estuaries compared to the Miramichi estuary may be due to spatial scale (estuary size). 
The Kouchibouguac estuaries are shallower and have much less freshwater outflow and 
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consequently more marine influence. Alternatively, differences may be the result of annual 
variability; a modified sampling scheme with occasional collections from the Miramichi and 
Richibucto estuaries has been proposed for 1998 to allow for comparison of estuaries of a range 
of sizes. 
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