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Figure

2.26 Volumetric abundance of small animals for each of tI  periods
studied. The bars represent the mean of all stations sampled and
the error bars repres:  the standard deviation from the mean.

2.27 Volumetric abundance of large animals for each of the periods
studied. The bars represent the mean of all stations sampled and the
error bars represent the standard deviation from the mean.

2.28 Average biomass (mg lyophilized dry mass per cubic
m) at each of the study locations for each of the periods
studied. The errors bars represent the standard
deviation of the mean of three to five stations

3.1 UPGMA clusterit  of stations based on the Bray-Curtis
dissimilarity matrix « size parameters (s, and mean size of la
animals)

3.2 Mean size spectra of FH farm in a) August 2001 and b) March
2002 showing maximum and minimum  2an [, for sites

33 Cumulative frequency distributions of small animals in August
2001

34 Cumulative frequency stributions of small animals in August
2001

35 Cumulative frequency dist1  itions of s 1l animals in November
2001

3.6 Cumulative frequency distt  1tions of small animals in July 2002

3.7 Cumulative frequency distributions of large animals in August
2001

3.8 Cumulative frequency distributions of large animals in November
2001

3.9 Cumulative frequency distributions of large animals in March,
2002

3.10 C ulatr t ionsofla :animalsin 1y 2002
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1.0 Interactions between bivalves and coastal :osystems











































justifies the comparison of each farm with its reference site. In Chapter 3 the zooplankton
size distributions of the farms and reference sites are compared. Chapter 4 summarizes
what this study indicates about the factors controlling zooplankton community

characteristics in coastal Newfoundland inlets.
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Chapter 2: E :ct of ussel farming on zooplankton community
characteristics in Notre Dame Bay, Newfoundlan
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and the abundance and biomass of zooplankton. " zse cycles are likely not in phase and
are functions of environmental forcing which varies on seasonal and interannual time
scales. This study assesses the impact of mussel farms on the zooplankton community of
two inlets in Notre Dame Bay, Newfoundland. Zooplankton community ¢|  acteristics of
the mussel farms are compared to those of two nearby inlets without farms. An impact is
assumed to exist where there is a significant difference between the farms and references.
Field work was conducted « ly in the farms and nearby reference sites over an
annual cycle in 2001/2002. TI  work is also one of the first to describe the zooplankton

community structure of inshore Newfoundland waters.
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diatoms and autotrophic nanoflagellates (Penney et al 2001). The fall bloom is dominated
by the diatom Skeletonema costatum, while the spring bloom consists mostly of the
autotrophic nanoflagellates Micromonas spp. and Pyramimonas spp. and the diatoms
Chaetoceros spp. and Fragilariopsis spp. (Penney et al 2001). During winter, food

quality may be low due to low phytoplankton: detritus ratios (Penney et al 2001).












2.2.2.3 Biomass

Frozen samples were returned to the Ocean Sciences Centre and kept at -20 °C until
analysis. They were thawed at 5 °C and suspended in (1um) filtered sea water from Logy
Bay. Newfoundland. Measured aliquots were filtered onto pre-ashed, pre-weighed GF/C
filters. Each sample was washed with distilled wat in a ratio of 5mL distilled water for
every 200mL SW used. The filters were then lyophilized at -60 °C overnight brought to
room temperature and weighed. Using this method, any small amounts of remainig salt

adhere to the edges of the contz  :r in which the samples are lyophilized.

2.2.2.4 Community composit 1

Samples from three stations w.  chosen at random from all stations sampled each farm
and reference site for each of the time periods following a computer-generated list of
random numbers. Measured aliquots « formalin-preserved splits of the samples were
taken with a Stempel pipette and the animals identified under a Wild® dissecting scope.
Enough aliquots were counted to v h counts of at least forty individuals for each of the
major taxa and whole samples were sc ietimes counted for enumeration of rare species.
Usually ~500 animals were identified 1d counted from each split. References used for
identification included Todd and Laverick (1991), Newell and Newell, (1977) and the

ICES zooplankton identification leaflets.
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Mean (UPGMA) clustering method. Principle components analysis was also conducted to

separate stations based on the major species composition.

General linear modeling was u  to analyze =z individual species abundance, size

fractionated abundance and biomass as in the following:

Response variable - By - B season ¢ 3501 + B Location LOcCation + P g Site +
BpistanceD1stancet B | ocation*site LOCation*Site+ B season*site S€ason*Sitet

Bseason*Location S€ason*Location + €

Where
Response variable is Nypccies X» N small, N large, OF Blomass
Season is August 2001, November 2001, March 2002 and 1ly 2002
Location is location in Notre Dame Bay (CA or FH)
Site is farm or reference

Distance is the distance of each station from the head of e site
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Assumptions for this analysis were examined by checking plots of residuals versus fits

for homogeneity and independence of the variance.

2.2.2.7 Power analysis

Where “Location” and “Site” explanatory variables were not significant in the general
linear model described above, the difference between the two sites or locations was
increased by adding a percentage of the mean to all values in one location or site until a

significant difference was found using in the following two models:

Response variable =By 4 | ocaion LOcation + €

Response Variable = o + P s Site + €
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2.3 Rest s

2.3.1 Physical characteristics of the sites during sampling

Figures 2.2 (a-b) to 2.16 (a-b) show the temperature and density profiles along the
sampling transects. Each variable is placed on the same scale for all four study areas in
each time period. Over all sites and locations, salinities ranged between 29 and 32 psu.
Oxygen levels were consistently higher than 5 ml "' at all depths and were therefore
probably not limiting for zooplankton (Stalder and Marcus, 1997). There was a notable

absence of a strong horizontal  inity adient over the study period.

In August 2001 surface and bottom temperatures were ~17 and ~ 7 °C, respectively at
the CA sites and ~13 and 5°C,  »sectively at the FH sites. However, temperature
stratification calculated as 1e  an difference between surface and bottom waters at all
stations was higher in FH than  CA (Table 2.1). The degree of stratification was lower
at all sites in November com; ed to August 2001, with CA less strongly stratified as it
was in August (Tale 2.1) Surface and bottom temperatures were ~7 and 5.1 °C,

respectively in CA sites and 5 and 2 “C, respectively in the FH sites.
Sampling in March 2002 was o1 ° land fast ice. The water column was relatively

homogeneous in terms of temy  ure, salinity, and density with temperature of ca -1 °C

(Table 2.1). Samplingin CA  was impossible at this time of year due to insufficient
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falling the upper left of the PC plot and November samples falling in the middle. This
follows the seasonal pattern of increased densities and decreased temperatures in
November and March compared to July and August. Salinity variations are not consistent
with this pattern, being slightly higher in March and July and lower in August and

November.

Log + | abundance of Acartia (r'=47%. p=0.0001, df=44), Temora (r'=57%, p=0.0001,
df=45) large animal abundance (r'=33%, p=0.0001, df=44) copep:  nauplii (r*=45%,
p=0.0001, df=45) and small animal abundance (r*=32%, p=0.030, df=44) were strongly
correlated with temperature. The abundance of harpacticoid copepods (r*=13%, p=0.016,
df=44), Centropages (r*=15%, p=0.009, df=44) and Pscudocalanus (r'=21%, p=0.002.

df=44) were significantly but less strongly correlated with temperature.

40




























2.3.4 Seasonal, location and site effects on major taxa

General linear modelir  was used to determine if t e were scasonal differences in the
abundance of major taxa or differences between farms and their references or between

the FH and CA areas of Notre Dame Bay.

Except where indicated, abundance refers to volumetric abundance (i.e., #/mj). Tests of
significance were completed on the volumetric and areal data set and except where noted,

the same results were obtained.

2.3.4.1 Seasonal effects on major species abund: ce

With the exception of harpacticoid copepods, abundance ot the most common species
showed clear seasonal differences (Table 2.4). Pseudocalanus sp. Acartia sp. Temora sp.,
Centropages spp. and copepod nauplii reached peak abundance in the warm sampling
periods  1lowest abundan in Marcl ~ 102 (Table 2.5). Oithona sp. reached h™ ™ est
abundances in Nov¢  ser 20( andJ 2002 and was least abundant in August (Table
2.5). For Oithona sp. the interaction term Scason*Location was a significant predictor of
abundance. For harpacticoid copepods the Season*Site and Scason*Location interaction
terms were significant. These indicate that location and/or site effects were seasonally

different.
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Table 2.4: Levels of s

ificance of predictor variables in the general

volumetric abundance

r the major taxa in the wh~'~ data sct (four seasons studied).

del of the

Taxon

Acartia
Pseudocalanus
Qithona
Temora
Centropages

Harpacticoid
copepods

Copepod nauplii

Polychaete larvae

Season

0.011

0.001

0.002

0.059

0.005

0.967

0.002

0.024

Location  Site Season*  Scason*  Location*
Location site Site
0.056 0.422 0.417 0.763 0.792
0.613 0.024 0.448 0.123 0.152
0.165 0.108 0.017 0.126 0.721
0.003 0.049 0.210 0.666 (4
087 0.547 0.662 0.817 0.332
0.003 0.001 0.018 0.031 0.385
0.176 0L.0 0.130 0.710 0.981
093 0.082 0.135 0.145 0.861
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Table 2.7: Mean + SD of volumetric abundanc~ "~ f taxa sk~ng -~ "

difference between at CA (upper line) and FH (lower line) during eac™ ~t the study

L o

periods. CA and FH include the farms and reference sites in cach location There were no

« NN

significant differences in July

August November March
Acartia sp. 1076 £ -155
158 £ 133
Pseudocalanus sp 51+17
28+ 15
ns
Qithona sp. 238 £111
1553 £720 ns
Centropages sp. 75.50 £65.3
0+ 0
Temora sp. 1285 + 752 30£25
[11 £ 848 00
Harpacticoid 83.2 £55.4 8£13
copepods i 405 £ 456 1249 + 2052
>
Copepod nauplii . s

Polychaete larvae
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Table 2.8: General linear model ANOVA table of small animal ab~“ance (volumetric

k1~ Hqta get)

Source DF Seq SS AdiSS  Ad]MS F P
Distance ] 200274484 195928179 193928179 3.74 0.058
Season ] 391555715 398903053 398903053 7.62 008
Location ] 196671610 7701646 7701646 0.15 0.703
Site ] 16349966 562966 562966 0.01 0918
Location*Season ] 96747837 95026303 93026303 1.81 0.183
Site*Season ] 17423498 17229960 17229960 0.33 568
Location*Site ] 77868 127824 127824 0.00 0.961]
Location*Site*Season | 68654 68654 08654  0.00 0.971
Error 56 2932000036 2932000036 323537143

Total 64 38811691 7

2.3.6 Large animal abundance

The abundance of large animals did not vary significantly with scason alone and did not

differ between farms and their reference sites (Table 2.9) There was a significant

interaction between season and locatic

CA )7ﬂ:241/m3) than at FH (202i225/m}) in general and in No

357+113/m’ at CA compared to 92+60 /m* at FH) and Aucust (603£231/ m” at CA

compared to 140£61/m”’ at FH)

nber (with

(Table 2.9) Large animals were more abundant at
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Table 2.10: Seasonal summary of the significance of location in Notre Dame Bay and

site to large animal abundance

Season Explanatory F p
variable

August, L.ocation 14.01 0.002
2001 Site 0.45 0.513
November  Location 6.09 0.028
2001 Site 0.08 0.787
March Location 345 0.105
2002 Site 3.11 0.121
July Location 2.21 0.155
2001 _Site 0.64 0436

61



2.3.7 Power analysis of abundance

Table 2.11 shows the minimum detectable difference based on the  ole data set of the
large and small animal abundances for location and site as explanatory variables. These
differences indicate that smaller differences between farms and references could be

detected than differences between locations within Notre Dame Bay.

Table 2.11: Minimum detectable percentage difference for the whole abun¢ e data set,
based on o =0.0° T~ ~~+~=i~1 - liagteg that a significant difference was detected.

Response Predictor
variable
Location Site

N smnll/ln3 74 89

N luruc/m) * hIf)

62




























2.4.4 Differences in community composition be een areas of Notre Dame Bay

The differences in community composition between the Fortune Harbour area and the
Charles Arm area may be related to the physical differences between the two sites. The
increased abundance of Oithona sp. in FH, especially in August, may be related to the
increased stratification in FH compared to CA. Species shifts from Acartia sp. to Oithona
sp. have occurred in mesocosm experiments with the introduction of a pycnocline
(Sullivan, 1995). The FH area also 1 qualitatively more detritus than did CA which

may confer an advantage to Qithona in FH given its feeding habits as discussed earlier.

The increased abunc ce of artia sp., Pseudocalanus sp., Centropages sp. and Temora
sp. at CA compared to FH in the fall may indicate higher productivity at that time in the
more inshore, enclosed parts of NDB as these species tend to reach peak abundance in
areas of highest productivity (Gaard, 1999). Salinity differences may also play a role as
FH is slightly more saline th ~ CA and these species have been found in higher

abundance in areas of lower s nity (Gaard, 1999).
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taken by a coarser net) has been shown in other areas such as the Norwegian and Barents

Seas (Tande et al, 2001).

Multivariate analysis separated warm water Notre Dame Bay communities dominated by
Acartia sp. Temora sp. and ¢ tropages sp. from cold water communities including
Pseudocalanus and Qithona sp. Pseudocalanus is also a dominant winter species on the
Faroe Shelf where Gaard (1999) speculates, it may benefit from decreased competition
with other copepods as the ¢ om biomass gradually decreases. In contrast to Notre
Dame Bay, in the warmer waters of the Mediterranean, Acartia sp and Centropages are
associated with colder seasons (Siokou-Frangou et al, 1998). Temora is associated with
warmer seasons there as in Notre Dame Bay (Siokou-Frangou et al, 1998). While the
grouping of Centrop tes and . wora longicornis in the present study is similar to that of
the temperate English channel, Acartia is associated with assemblages of cyclopoid and

harpacticoid copepc * there (Mouny and Jauvin. (™

2.4.6 Predators other thann  sels

In well mixed coastal environments biological interactions such as predation and
avoidance of predators may be more important in structuring t/  planktonic community
than are the effectt  sa”™ "y d. sitydri' 1 water motior WNiafe and Frid, 1996).

Medusae are periodically very abundant in NDB and may be exerting a strong control of
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especially relevant. Because this study suggests negative effects of mussel farming on
copepod nauplii and Oithona sp., more efficient measurement of the abundance of
smaller zooplankton is needed. In particular, nets with smaller mesh size (perhaps 64 um)
in conjunction with pump sampling would improve the probability of detecting
differences in these smaller organisms as well as e sampling of rarerte¢ ~ Use of
smaller mesh in nets has been recently identified as necessary to reveal the true
importance of smaller size  ctions which may be underrepresented by the coarser nets
usually used (Gallienne and Robin, 2001). Because the community composition suggests
seasonal cycles in zooplankton production it is ii ortant that monitoring be carried out
more often than quarterly. In addition, if time and resources permit, a sampling program
1s needed to assess short term variability in the communities (over several days and

several tidal cycles for example).

Given the possible impact of large gelatinous zo:  lankton on community composition
and their potentially important role in nitrogen cycling, a study of their seasonal cycles of
biomass and abun: i1ce would be  portantind rmining co1 ls on zooplankton

populations and carrying capacity of the farms.
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Chapter 3: Size distributions of zooplankton communities
in Notre Dame Bay
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3.3 Results

3.3.1 Clustering of stations based on size parameters

Cluster analysis separated t
other stations. Two other la

with respect to season, locat

July 2002 CA 51 d CA X3 communities as distinct from
groups were evident but there was no consistent pattern

. or site.
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Figure 3.1: UPGMA clustering of static  based on the Bray-Curtis dissimilarity matrix

of size parameters ( i, a e of large animals) “ca” refers to CA farm stations,
“cac” refers to CA referer “fh” refers to FH farm stations, and ‘‘fhc”’refers to
FH ref stations. . " :f "t e - fors to November 2001, “mar”

refers t~ *“~~--h 2~ 2 and "jul" reters t(
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3.3.3 Large animal size distri tions

The mean size of large animals varied seasonally being higher across all sites in March
(1123.3+57.1 um) when the abundance of most1 jor species was lowest (with the
exception of harpacticoid cope  ds) and lowest in July 2002 (1083.4+92.5 um) when the
abundance of most major spec  was highest (Table 3.3, Table 3.4, Chapter 2 of this
thesis). The considerable variation in shape of the size structure can be seen in Figures

3.7-3.10.

The significant Location*Site interaction term in Table 3.3 reflects the difference
between CA and FH with respe ‘o  :references ( F) 5=8.43. =0.009) but not the
farms (Fy,34=0.83, p=0.369) . 1e mean size of la :animals was greater in FH
compared to CA in August 2001 (F; 5=3.79, p=C 68) and July 2002 (F, ;9=8.34,
p=0.010). Farms did not differ from their references except for CA farm in August 2001
when the average size of >500 animals was ~100 pm higher at the farm than at

reference site (Fy §=21.99, p=0.002,).
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3.3.3 Power analysis of sizes :tra

The minimum detectable di rence in the size parameters for the whole data set based on
site was 14% for Bsizc and 5.2% for mean size of large animals. These are relatively small
differences and strongly indic:  that even very small effects of the irms could have

been detected.
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3.4 Discuss n

3.4.1 Effect of mussel farming

While the abundance of some es may be affe :d (see Cha] r 2), the size structure
of the zooplankton communities  Notre Dame Bay is not consistently or broadly
affected by bivalve farming as in cated by the overall lack of a difference in both size
parameters between the farms and their reference sites. The power analysis indicates that
relatively small differences cou have been detected. Size structure analysis may
therefore be of limited utility as a tool in monitoring pelagic impacts of mussels.
However, higher resolution temporal coverage and size distributions of individual species
are required to be certain of this conclusion. Future studies of this type should also
include sampling of sites seve 2eks apart within the same season to account for
possible differences in the timing of cycles of abundance and life stages for the major

species involved in the different sites.

There were several instances whe :he community size structure of a farm was different
from its reference site. Mean size of large animals was significan / greater at CA farm
compared to its reference site ¢ gust 2001.This ay reflect the difference in the
relative community composition. The relative abur  nce of Acartia sp. was higher (F;.
5=9.92, p=0.035) at the farm (3°  cc pared to the reference (19%). The less negative

Bsizc in March 2002 at CA and FH rms compared to the FH refc  1ce site may also be
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Chapter 4: Summary
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