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scientific data, summarize existing knowledge, or offer 
technical recommendations. The primary function and the 
intended audience of a report determine the series in 
which it will be published. Each report series contains 
scientific and technical information that contributes to 
existing knowledge but is not in a form suitable for the 
primary journal literature. 

• Parks Canada-Technical Reports in Ecosystem 
Science promote a wide distribution of scientific and 
technical information from Parks Canada's 
ecosystem investigations. The subject matter, and the 
series reflect the broad interest and policies of Parks 
Canada in ecosystem science. This series includes 
such work as, ecosystem and resource inventories, 
studies, surveys of species or guilds, and innovative 
management concepts. 

• Parks Canada - Ecosystem Science Review Reports 
provides a forum for literature reviews, 
bibliographies, and reviews of management options 
that are often prepared for or by Parks Canada. 
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thereof will be published in this series. 

• Parks Canada - Ecosystem Monitoring and Data 
Reports provide a medium for filing and achieving 
data compilations where little or no analysis is 
included. Such compilations commonly are prepared 
in support of primary publications or Technical 
Reports in Ecosystem Science. Raw data not 
available in a national data base and considered 
worth archiving is published as a Parks Canada -
Ecosystem Monitoring and Data Report. 

Ecosystem Science Reports are printed in the official 
language chosen by the author to meet the language 
preference of the likely audience, with an abstract in the 
second official language. 

Objectives 
Our objectives for these report series are; 

• To communicate the results of ecosystem science 
research to the scientific and management 
communities, and to the public interested in Parks 
Canada environmental and conservation activities; 

• To provide credible, accurate, and professional 
publications through a peer review process, 

• To encourage creativity, effectiveness, and teamwork 
in conducting research and in providing information 
through publications. 
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paper to the authorfs) with the referee's comments. The 
author(s) consider(s) the referees' comments and 
incorporates those that they accept, into the report. The 
author(s) return(s) the revised manuscript to the editor 
and/or provides a written rationale for any exclusions of 
the referees' comments considered unacceptable. The 
editor then sends the revised manuscript to the Chief Park 
Warden or for the case of Regional Office staff to the 
author(s) direct supervisor for approval to publish and 
printing. At the editor's discretion, the appointment of 
referees may be dispensed with, if the publication is 
minor in nature. In such instances, the editor and the 
author's direct supervisor would assume the roles of the 
referees. In the unlikely event that an author and editor are 
in disagreement over a manuscript, the matter will be 
refereed to a Senior Departmental Manager for 
adjudication. 

Directives for Authors 
These series are intended for the publication of work in 
ecosystem science that is conducted in the Atlantic 
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The author(s) submits one paper copy of the completed 
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Abstract 

The purpose of this study was to determine the 
spawning status of striped bass (Morone saxatilis) 
in the Kouchibouguac and Richibucto Estuaries 
in 1997 and 1998. The pelagic spawning and 
littoral rearing habitat of the Kouchibouguac 
and Richibucto Estuaries were sampled for 
ichthyoplankton and juvenile fish during the 
spring and summer of both years. Although 
these two estuaries are historically believed to 
have supported striped bass spawning, no 
striped bass eggs or larvae were found during the 
ichthyoplankton surveys. Anadromous taxa such as 
rainbow smelt (Osmerus mordax) and gaspereau 
(Alosa spp.) were the dominant ichthyoplankton in 
both estuaries, whereas gasterosteids (sticklebacks) 
and fundulids (Fundulus spp.) were the dominant 
fauna in the littoral zones. White perch (Morone 
americana) larvae, which were abundant in 
the Richibucto River, were absent from the 
Kouchibouguac River. Although striped bass did 
not appear to spawn in these rivers in 1997 or 1998, 
small numbers of young-of-the-year were captured 
by beach seine in the Kouchibouguac Estuary in 
1997 and in the Richibucto Estuary in both 1997 
and 1998. The origin of these young-of-the-year 
striped bass was probably the Miramichi Estuary 
to the north which is known to support striped 
bass spawning. 

Résumé 

Le but de cette étude était de déterminer l'état 
de la reproduction du bar rayé (Morone saxatilis) 
dans l'estuaire des rivières Kouchibouguac et 
Richibouctou en 1997 et 1998. On a échantillonné 
au printemps et à l'été des deux années les habitats 
de ponte (pélagique) et de croissance (littoral) 
des estuaires des rivières Kouchibouguac et 
Richibouctou afin d'y énumérer Fichthyoplancton 
et le poisson juvénile. Quoique traditionellement 
l'on soupçonne ces deux rivières de soutenir la 
ponte du bar rayé, aucun oeuf ou larve n'a été 
décelé durant les campagnes d'échantillonage. 
Les espèces anadromes telles l'éperlan arc-en-ciel 
(Osmems mordax) et le gaspareau (genre Alosa) 
dominaient l'ichthyoplancton des deux estuaires, 
tandis que les gas'térostéidés (épinoches) et 
fundulidés (genre Fundulus) prédominaient dans la 
faune des zones littorales. Les larves de bar-perche 
(Morone americana), qui abondaient dans la rivière 
Richibouctou, étaient absentes de la rivière 
Kouchibouguac. Quoique le bar rayé ne semble 
pas avoir frayé dans ces rivières en 1997 et 1998, 
on a capté quelques juvéniles de l'année à la 
senne de plage dans l'estuaire de la rivière 
Kouchibouguac en 1997 et celui de la rivière 
Richibouctou en 1997 et en 1998. Il est 
probable que ces juvéniles de l'année du bar rayé 
provenaient de l'estuaire de la rivière Miramichi, 
au nord, qui est reconnu comme soutien à la 
reproduction du bar rayé. 
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INTRODUCTION: 

Estuaries in Atlantic Canada serve as spawning, rearing, and overwintering habitats for a 
diverse assemblage offish species such as gaspereau (Alosa spp.), smelt (Osmerus 
mordax), and striped bass (Morone saxatilis) (Locke and Courtenay, 1995a, 19956; 
Hanson and Courtenay, 1995). These species form the basis of important commercial 
and recreational fisheries in the region (Scott and Scott, 1988). In spite of the important 
role that estuaries play in maintaining populations of anadromous fishes, basic data 
concerning the early life history of these fishes have only been collected from a small 
number of these systems, including the Hillsborough (Johnston and Morse, 1988), 
Annapolis (Williams et al., 1984), Shubenacadie (Rulifson and DadswelL, 1995), 
Miramichi (McKenzie, 1959; Hanson and Courtenay, 1995; Locke and Courtenay, 
1995a,6; Robichaud-Leblanc et al., 1996), St. Louis (Bernier et al., 1998), and 
Kouchibouguac Estuaries (Bernier et al., 1998; Robinson et al., 1998). 

Previous studies have observed similar species assemblages in these rivers (Hanson and 
Courtenay, 1995; Locke and Courtenay, 1995a,6; Robichaud-Leblanc et al., 1996; 
Bernier et al., 1998; Robinson et al., 1998), but with higher species diversity in the larger 
systems, such as the Miramichi Estuary (Hanson and Courtenay, 1995; Locke and 
Courtenay, 1995a). Dominant ichthyoplankters are typically anadromous species such as 
the smelt, alewife (Alosa psendoharengus), and blueback herring (Alosa aestivalis), while 
small fishes such as fundulids and gasterosteids usually dominate inshore littoral zones 
throughout most of the estuary (Hanson and Courtenay 1995; Robinson et al., 1998). 

The collection of ichthyoplankton and juvenile fish distribution data is important for 
many reasons. This type of information serves as baseline data which can be used to 
detect long term changes in species assemblages through changing water or habitat 
quality. Ichthyoplankton and juvenile fish distribution data also serve to confirm 
spawning activity of certain species which may be the target of conservation efforts in a 
given area. In the southern Gulf of St. Lawrence, striped bass have been identified as a 
conservation priority by Kouchibouguac National Park (Tremblay and Beach, 1994), the 
Miramichi River Environmental Assessment Q>rrimittee (MREAC, 1996), and the 
Richibucto River Association (St-Hilaire et al., 1997a). Within the southern Gulf of St. 
Lawrence (Figure 1), striped bass spawning has only been confirmed in the Miramichi 
Estuary (Robichaud-Leblanc et al., 1996). Studies in the Kouchibouguac River in 1996 
(Robinson et al., 1998) found no evidence of striped bass spawning in the form of eggs 
and larvae, although small numbers of young-of-the-year (YOY) fish were present in late 
summer. Given the absence of earlier life history stages it was hypothesized that these 
YOY striped bass were rmgrants from another nearby estuarine system, such as the 
Miramichi Estuary to die north or the Richibucto Estuary to the south (Robinson et al., 
1998). 

The main objective of this research was to determine if the Kouchibouguac and 
Richibucto rivers support spawning populations of striped bass, or if they act as rearing 
habitat for young-of-the-year fish from other nearby estuaries, such as the Miramichi to 
the north. 
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To meet this objective, ichthyoplankton and beach seining surveys were conducted in 
1997 and. 1998 during the time when striped bass were expected to be spawning and later 
rearing in the littoral zone (Robichaud-Leblanc et al., 1996,1998). 

The secondary objective of this study was to use the ichthyoplankton and beach seining 
surveys to describe the fish communities of the Kouchibouguac and Richibucto Estuaries 
during the ice-free seasons of 1997 and 1998. This study represents the first effort to 
examine ichthyoplankton diversity and distribution within the Richibucto Estuary. These 
surveys were intended to detect any major differences in species assemblages between 
these two small neighboring estuaries within the southern Gulf of St Lawrence. 

MATERIALS AND METHODS: 

STUDY AREA 

Southern Gulf of St. Lawrence 

Tides in the southern Gulf of St. Lawrence are mixed semi-diurnal (2 high and 2 low 
tides each day) (Miller et al., 1991). The currents are generally weak, and thus are easily 
influenced by strong winds which can change both their speed and direction from one day 
to the next (Miller et al., 1991). The section of coast from Richibucto to Point Escuminac 
(at the southern edge of Miramichi Bay) is usually exposed to strong northeasterly winds. 
Conditions in this area are often unpredictable due to shallow water and irregular seas 
(Miller et al., 1991). The highest of these seas often occur north of Kouchibouguac 
River, at Pointe Sapin (Miller et al., 1991). Ice formation in the Gulf usually begins in 
mid-December, and by January the Northumberland Strait is usually ice-covered (Miller 
et al., 1991). Ice breakup begins in the northwest Gulf of St Lawrence and spreads 
southeast during April (Miller et al., 1991). 

Kouchibouguac River System 

The Kouchibouguac River (Figure 2) is located in eastern New Brunswick in 
Kouchibouguac National Park, and drains into Kouchibouguac Lagoon, It has a small 
estuary which drains a catchment basin of approximately 228 km2 (Ambler 1975; 
Kerekes, 1977). The mean annual daily freshwater discharge rate of Kouchibouguac 
River is 3.74 m V (Beach, 1988), and the tidal effects are mixed with a mean tidal 
amplitude of 0.67 m (Ambler, 1975; Kerekes, 1977). Tidal effects in the system, 
depending on the amount of surface runoff, can extend as far as a derelict hydroelectric 
dam located in Kouchibouguac Village approximately 15 km upriver (Kerekes, 1977). 
Kouchibouguac Lagoon is a shallow coastal bay separated from the Northumberland 
Strait by a 25 km long procession of barrier sand dune islands which protect it from the 
unpredictable high- energy conditions of Northumberland Strait. It has a total surface 
area of approximately 15 km2, a maximum width of 600 m, and an average depth of 
approximately 1.5 m (S. Courtenay unpub. data) with depths averaging 3 m in the 
shipping channel (Ambler 1975; Kerekes 1977). 
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Richibucto River System 

The Richibucto River Estuary is located approximately 20 km south of Kouchibouguac 
Lagoon (Figure 3). It is a small coastal watershed with a catchment basin covering 
approximately 1088.5 km2 (St. Hilaire et al., 19976). The average elevation is 45.5 m 
above sea level (Montreal Engineering Company 1969) and the mean annual freshwater 
discharge into the estuary is 26.0 m3s (St.-Hilaire et al., 19976). The maximum rate of 
discharge (approximately 91.5 mV1) is usually reached in April immediately after ice-off 
(St.-Hilaire et al., 19976). Richibucto River, along with a number of smaller tributaries, 
flows into Richibucto Bay, a large shallow basin with depths averaging lm (St.-Hilaire et 
al., 19976). There is a dredged channel 150 m wide and up to 12 m deep which flows 
through the center of the bay (St-Hilaire et al., 19976). Richibucto Bay is separated from 
the Northumberland Strait by the same barrier sand dune islands that extend from 
Kouchibouguac National Park. Ice formation in the system usually occurs in November 
and the entire system is typically ice-free by April (St.-Hilaire et al., 19976). 

PHYSICO-CHEMICAL DATA 

Samples of near-surface water (taken approximately 2 cm below the surface) and bottom 
water (taken approximately 10 cm above the bottom) were collected in mid-channel at 
each ichthyoplankton site using a Van Dorn bottle. The depth sampled ranged from 
approximately 1 to 8 m, depending on location. A hand-held refractometer with 
automatic temperature compensation (#A366ATC Ben Meadows Co., No. 221192, 
Atlanta, GA) and a thermometer (VWR No. C 1067-855, Halifax, N.S.) were used to 
immediately measure the salinity (%o) and temperature (°C) of each water sample. The 
refractometer was rinsed and recalibrated with distilled water between readings. Surface 
salinities were used to describe ichthyoplankton distribution as the bottom salinity values 
were often highly variable within a small area, presumably due to varying bottom 
topographies (Appendix A, B; Robinson, unpub. data). Previous studies within the 
southern Gulf of St. Lawrence have demonstrated that surface salinity is the most useful 
predictor of ichthyoplankon distributions within estuaries (Locke and Courtenay, 1995a; 
Bernier et al., 1998). Near-surface salinity and temperature (taken approximately 2 cm 
below the surface) readings were taken at each beach seining site approximately 2 m 
from shore with the same refractometer and thermometer used during the 
ichthyoplankton surveys. 

ICHTHYOPLANKTON 

Timing of Collections 

Pelagic ichthyoplankton were collected approximately twice weekly in each river during 
late May and June (the months when striped bass were expected to be spawning) and 
biweekly thereafter. A total of 50 ichthyoplankton surveys were carried out during two 
field seasons: 25 in each of 1997 and 1998. 
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Exploratory surveys in the summer of 1997 were also conducted in the St. Louis River on 
July 2 and in the St. Charles River on July 10. Ichthyoplankton were also sampled from 
the Northwest Miramichi River during five ichthyoplankton surveys in 1998 on May 26, 
June 3, June 10, June 17, and July 8. The Northwest Miramichi River is an area in the 
southern Gulf of St. Lawrence where striped bass are known to spawn, probably on an 
annual basis, and was sampled to evaluate gear success for capturing striped bass eggs 
and larvae. 

Method of Collections 

Ichthyoplankton were collected with 1.0 m and 0.5 m diameter 0.5 mm mesh Nitex 
plankton nets. In 1997, the 1.0 m diameter, 3 m long net was used to sample deeper areas 
(>2m) in the Richibucto River while the smaller net was used in shallow water (<2m) and 
in the Kouchibouguac River. In 1998 the 0.5 m diameter, 1.5 m long net was used 
exclusively for all ichthyoplankton sampling. Ichthyoplankton were routinely collected 
by towing the net from a motorized boat for 10 min against the current at each 
ichthyoplankton station. The velocity of the boat was increased and decreased during 
each tow to allow the plankton net to undulate and thus sample the entire water column. 
Although the nets were usually towed by motorized boat, there were instances during low 
spring tides when some sampling stations were too shallow to allow for boat passage. In 
these instances the plankton net was fixed onto a 3 m long pole and manually walked 
against the current for 10 min. All ichthyoplankton samples were immediately preserved 
in 10% formalin buffered with CaCCh in ambient estuary water. 

The amount of water sampled during each plankton tow was estimated with a TSK 
flowmeter (Tusurumi-Seiki-Kosakusho Co., Yokohama, Japan) that was mounted off-
center in the mouth of each plankton net. The flowmeter was calibrated during a series of 
12 vertical tows in low-current water approximately 5 m deep. During this procedure, the 
flowmeter was mounted on a 0.5 m diameter plankton net frame. The frame was lowered 
and raised through the water column 12 times, and flowmeter readings were taken at the 
beginning and end of each vertical tow. At the end of the tow series, the flowmeter 
readings were averaged and used to determine a constant value for the amount of water 
sampled per unit flow. 

In 1997, the 0.5 m diameter net sampled an average of 75 m3 water (range 3-222 m3) 
during each ichthyoplankton tow. The 1.0 m diameter net sampled an average of 313 m3 

water (range 56-862 m3) during each tow. In 1998, the 0.5 m diameter net sampled an 
average of 79 m3 water (range 9-389 m3) during each tow. 

Calculation of Abundance Indices 

Flowmeter readings were used to estimate the number of ichthyoplankton taxa per m3 of 
water in each plankton sample. These values were then standardized to the number of 
ichthyoplankton (by taxa) per 100 m3 of water. For each sampling day, ichthyoplankton 
counts from similar surface salinity ranges (0 %o, 0.5-2.0 %o, 2.5-4.0 %o, 4.5-6.0 %o, 6.5-
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8.0 %o, 8.5-10.0 %o, and >10.0 %o) were pooled to act as replicates in the interpretation of 
the data. 

Location of Ichthvoplankton Collections 

Sampling stations were chosen based on accessibility by boat and sampling gear, and by 
salinity profiles. River distance in km was measured for each of the ichthyoplankton 
sampling stations in the Kouchibouguac (Table 1) and Richibucto (Table 2) rivers. In 
each river, the station at or closest to the river mouth (i.e., lowest downriver station) was 
designated as km 0. All other stations were measured as km upriver or downriver from 
km 0. In the Kouchibouguac River (Fig. 2) 10 ichthyoplankton sampling stations were 
chosen along the main river. These stations ranged in distance from 0 km at Loggiecroft 
Wharf (0 km at station 4) to 12.2 km (station 13), a point just down river from 
Kouchibouguac Village (Table 1). Kouchibouguac River has no major tributaries 
therefore all sampling stations were located along the main river. 

In the Richibucto River (Fig. 3) 8 ichthyoplankton sampling stations were chosen along 
the main river and its tributaries, ranging in distance from the bridge at Big Cove (16 km 
at station 24) to station 37,34.5 km upriver (Table 2). In addition to sampling the main 
Richibucto River, two major tributaries were routinely sampled in both 1997 and 1998 
for ichthyoplankton: Molus River (stations 25 and 26) and Bass River (stations 29 and 
30) (Fig. 3). 

Ichthvoplankton Identification 

Ichtoyoplankton were separated from other organic material (algae and invertebrates) 
with a hand magnifier and transferred from the 10% buffered formalin into a 70% 
ethanol solution. Ichthyoplankers were exarnined under 10X to 20X magnification with a 
Wild M3 stereo dissecting microscope and identified to lowest possible taxonomic level 
using a series of ichtoyoplankton descriptions (Hardy, 1978; Drewry, 1981). The 
differentiation of white perch (Morone americana) from striped bass (M saxatilis) larvae 
was verified by Dr. Lou Van Guelpen at the Atlantic Reference Centre of the Huntsman 
Marine Science Centre in St. Andrew's, New Brunswick. Clupeid (Alosa spp.) and 
fundulid (Fundulus spp.) ichthyoplankters were identified to genus only, and all 
gasterosteid ichthyoplankton (sticklebacks) were only identified to family. 

BEACH SEINING 

Timing of Collections 

The inshore fish community was sampled during the summers of 1997 and 1998 in both 
the Kouchibouguac and Richibucto River systems. In both rivers, the inshore fish 
surveys were most intensive during July and August (Table 3), the months when juvenile 
striped bass were expected to be feeding and shoaling in the inshore habitat (Robichaud-
LeBlanc et al., 1996,1997,1998). A total of 36 beach seining surveys were carried out 
during the two field seasons: 11 in 1997 and 25 in 1998. This included two exploratory 
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