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This study investigated the synchrony of frond dynamics among patches of the intertidal seaweed
Mazzaella parksii (¼M. cornucopiae; Rhodophyta: Gigartinales) at local spatial scale. At Prasiola Point
(Paci¢c coast of Canada), the mean synchrony of the seasonal changes in frond density among seven
permanent, 100-cm2 quadrats was signi¢cant (mean Pearson’s r¼0.73, with 0.65^0.81 as 95% con¢dence
limits) between 1993 and 1995. This indicates that predicting seasonal trends for non-monitored patches at
local spatial scale can be done relatively well based on observations on a limited number of quadrats. The
identi¢cation of the spatial scales at which seaweed populations covary synchronously will permit
minimizing sampling e¡ort while retaining the ability to make valid predictions for non-monitored sites.

INTRODUCTION

One of the central aims of population ecology is to
predict population dynamics. For any species, population
dynamics vary across space (Bullock et al., 2002;
Freckleton & Watkinson, 2002). Thus, given that most
¢eld studies can only monitor a limited number of sites in
a given area, making predictions for non-monitored sites
in the area is usually challenging. The ability to generate
valid predictions for non-monitored sites depends greatly
on the population synchrony among sites, that is, on how
similarly sites covary in terms of abundance over time in
the area of interest (Bj�rnstad et al., 1999; Buonaccorsi
et al., 2001). Predicting population dynamics for non-
monitored sites might be done simply by considering the
mean temporal trend and the associated variability
observed for the monitored sites, information that is
measured in most ¢eld studies. However, determining
synchrony provides additional information that may
improve predictions. For example, for the same degree of
variability in abundance (Figure 1), synchrony among sites
could be high (all populations varying similarly over time)
or low (little covariation among populations). Predictions
for non-monitored sites are, then, more accurate when
synchrony is high. In environmental monitoring, for
example, high synchrony among sites means that fewer
reference populations have to be monitored to assess the
status of an entire area (Burrows et al., 2002).

Most empirical studies on population synchrony have
been done for animals (Bj�rnstad et al., 1999; Koenig,
2002; Bellamy et al., 2003), so they constitute the main
data source on which theory is being built. In comparison,
plant population synchrony has been less investigated.
Seaweeds have been even less studied in this respect. At
local spatial scale (up to tens of metres), information
about population synchrony exists for kelps (Dayton et
al., 1992), Ascophyllum (—berg & Pavia, 1997), Ulva,
coralline seaweeds, Sargassum (Underwood & Chapman,
1998), Fucus (Driskell et al., 2001), and a few other species

(Coleman, 2002). However, only the Fucus study (Driskell
et al., 2001) actually quanti¢ed synchrony among the
sampled areas. Thus, there is a need for studies that
speci¢cally measure local-scale synchrony in order to
develop theory for seaweeds. The present study investi-
gates local-scale patterns of seasonal synchrony for
Mazzaella parksii (¼M. cornucopiae; Rhodophyta: Gigarti-
nales), which is a common species in the north-eastern
Paci¢c coast (Hughey et al., 2001).

The main factors that a¡ect population synchrony are
the environmental correlation among sites (Moran e¡ect),
the degree of dispersal among populations, and the spatial
correlation of interacting species such as predators
(Bj�rnstad et al., 1999; Hudson & Cattadori, 1999;
Koenig, 2002). For Mazzaella parksii, abiotic conditions
were apparently relatively homogeneous across the
studied area, therefore potentially favouring high
synchrony among the monitored patches. Spore recruit-
ment is low for this species on an annual basis (Scrosati,
1998a), so spore dispersal should not be a signi¢cant
synchronizing factor. Relevant interacting species, such as
fucoid seaweeds (competitors; Kim, 2002) and littorinid
snails (herbivores; Kim & DeWreede, 1996; Heaven &
Scrosati, 2004), were present in the entire study area,
theoretically also favouring high synchrony. Therefore,
the monitored patches of M. parksii were predicted to vary
relatively synchronously on a seasonal basis.

MATERIALS AND METHODS

The study area was Prasiola Point (48849’N 125810’W),
located on southern Barkley Sound, Vancouver Island,
British Columbia, Canada. This cold-temperate, rocky
area was described in detail in Scrosati (1998b). The
thallus of Mazzaella parksii consists of a crustose holdfast
and several foliose fronds (Figure 2). It is a clonal
seaweed, since its fronds function as ramets (Scrosati &
DeWreede, 1997). In 1993, the position of seven 100 cm2

J. Mar. Biol. Ass. U.K. (2004), 84, 4368/1^4
Printed in the United Kingdom

Journal of the Marine Biological Association of the United Kingdom (2004)



quadrats was determined randomly along a 40m long
transect parallel to the shoreline in the M. parksii belt,
which is between 3^4m above the lowest normal tide
(Canadian chart datum). Frond density was measured
for each quadrat on a seasonal basis for two years.
Sampling dates were 17^19 August 1993, 10^12 December
1993, 26^28 April 1994, 19^21August 1994, 2^4 December
1994, 30 March 1995, and 11^13 July 1995. The seven
monitored patches of M. parksii were physically separated
from one another, each one containing many fronds.

Synchrony was determined for each possible pair of
quadrats as the Pearson correlation coe⁄cient between
their respective time series. Spurious correlation might
have arisen had raw density data been used, because of
the autocorrelative nature of the raw time series. To avoid
this, ¢rst-di¡erenced time series of the natural logarithm
of density were used instead, therefore focusing on
synchrony of population change (Bj�rnstad et al., 1999).
Then, a growth rate (Zt) was calculated for each date as:

Zt¼ln (Nt) � ln (Nt�1),

where N was frond density and t was the date. As succes-
sive growth rates were serially dependent, the signi¢cance
of the correlation coe⁄cients based on growth rates was
assessed with randomization tests (Koenig, 1999), using
Resampling Stats 5.0 for Macintosh (Bruce et al., 1999)
and doing 1000 random permutations per test. Perfect
synchrony would result in r¼1, while complete asynchrony
would result in r¼0. Mean sitewise synchrony was calcu-
lated as the arithmetic mean of all of the correlation coef-
¢cients (N¼21). A 95% con¢dence interval for mean
synchrony was calculated through a bootstrap analysis

4368.2 R. Scrosati Population synchrony in Mazzaella

Journal of the Marine Biological Association of the United Kingdom (2004)

Figure 1. Example showing how population synchrony can be
high (H) or low (L) with the same temporal change of the
variability in abundance at three sites.

Figure 2. Patch of Mazzaella parksii (M) among specimens of the seaweeds Mastocarpus papillatus (A), Pelvetiopsis limitata (P), and
Fucus gardneri (F), and of the barnacle Balanus glandula (B). Lens cap is 5 cm in diameter. Photograph taken by R. Scrosati in August
1994.



(using Resampling Stats 5.0 and generating 1000 resam-
ples with replacement), since the 21 correlation coe⁄cients
were not independent from one another (Bj�rnstad et al.,
1999; Koenig, 1999).

To characterize the variability of frond density among
the quadrats during the study period, the coe⁄cient of
variation (CV) for density was calculated for each
sampling date (N¼7 quadrats) and then averaged among
all of the dates (N¼7 dates). A 95% con¢dence interval
was calculated for this average through a bootstrap
analysis, using Resampling Stats 5.0 and generating 1000
resamples with replacement.

RESULTS AND DISCUSSION

The density of Mazzaella parksii fronds varied seasonally
between 1993 and 1995 at Prasiola Point, being generally
higher in spring and summer than in autumn and winter
(Figure 3). Several pairs of quadrats varied synchronously
during this period. Nine of the 21 correlation coe⁄cients
were statistically signi¢cant at the 95% con¢dence level.
Although not signi¢cant (at the 0.05 level), the rest of the
coe⁄cients were still associated to low P values (Table 1).
The mean sitewise synchrony was r¼0.73 (N¼21
correlation coe⁄cients), with 95% con¢dence limits of
0.650.81, indicating statistical signi¢cance. Frond density
was variable among the quadrats on each sampling date
(Figure 3). For the study period, the mean variability
(mean CV) of frond density among the quadrats was 0.47
(N¼7 dates), with 95% con¢dence limits of 0.410.54.

For any species, the accuracy in predicting population
dynamics for non-monitored sites in a given area depends
greatly on the degree of synchrony among sites. For
Mazzaella parksii, the seasonal changes in frond density
were relatively synchronous among quadrats. Therefore,
synchrony estimates are potentially valuable tools to
predict seasonal population trends at local spatial scale
for this species based on a few monitored quadrats. Micro-
scale (that is, quadrat-speci¢c) abiotic and biotic informa-
tion is lacking for the study site. However, the considerable
level of synchrony found in this study suggests that abiotic
conditions and interacting species (competitors and
herbivores) were relatively spatially homogeneous,
according to current theory on factors that a¡ect popula-
tion synchrony (Bj�rnstad et al., 1999; Buonaccorsi et al.,
2001; Koenig, 2002).

How does this study compare with local-scale studies on
other seaweeds? Are there any common patterns
for seaweeds in general? Information on local-scale
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Table 1. Synchrony of the changes in Mazzaella parksii
frond density among seven permanent quadrats at Prasiola Point
between 1993 and 1995. Results are expressed as Pearson
correlation coe⁄cients (r), with probability values (P) in
parentheses. Signi¢cant correlations at the 95% con¢dence level
are highlighted in bold.

1 2 3 4 5 6

2 0.878
(0.021)

3 0.847
(0.033)

0.870
(0.024)

4 0.524
(0.286)

0.767
(0.075)

0.505
(0.307)

5 0.906
(0.013)

0.958
(0.003)

0.856
(0.030)

0.592
(0.216)

6 0.504
(0.308)

0.728
(0.101)

0.850
(0.032)

0.394
(0.439)

0.693
(0.127)

7 0.610
(0.198)

0.890
(0.017)

0.689
(0.130)

0.947
(0.004)

0.749
(0.087)

0.657
(0.156)

Figure 3. Temporal variation of Mazzaella parksii frond density (fronds cm72) in seven permanent quadrats from Prasiola Point;
see text for sampling dates.



population synchrony is available for a number of macro-
algae. For example, a study was done at a scale of tens of
metres for subtidal kelps from California (Dayton et al.,
1992); cross-correlations between sites were not given, but
the published ¢gures suggest that synchrony was quite
variable and site dependent. At a similar spatial scale,
Ectocarpus and Colpomenia (Phaeophyceae) from south-
eastern Australia also showed variable synchrony patterns
(Coleman, 2002), although cross-correlations between
sites were not given either. Underwood & Chapman
(1998) determined the population dynamics of Ulva, coral-
line seaweeds, and Sargassum from south-eastern Australia
for several quadrats at a scale of a few metres, although
synchrony among quadrats was not measured either. At a
scale between 30m and 100m, sites (represented by the
average of a number of quadrats) showed a varying
degree of synchrony, depending on their geographic loca-
tion (Underwood & Chapman, 1998). For Fucus from
southern Alaska, Driskell et al. (2001) did measure
synchrony, ¢nding a low average value among pristine
(undisturbed by oil) quadrats at a scale of tens of metres
on an annual basis (that is, one annual estimation of abun-
dance per quadrat) during six years.

Clear patterns of local-scale population synchrony are,
therefore, not evident for seaweeds as a group as yet. More
systematic studies are needed to advance this research line.
The identi¢cation of patterns might be achieved by
focusing future studies on the e¡ects that the abiotic corre-
lation among sites, the spatial correlation of interacting
species, and algal dispersal capabilities have on the
degree of population synchrony for a variety of seaweeds.

I am grateful to the sta¡ of Bam¢eld Marine Sciences Centre,
for their logistic support, and to the Huu-ay-aht First Nation, for
granting access to Prasiola Point. Field work was funded by a
grant from the Natural Sciences and Engineering Research
Council of Canada (NSERC) to Robert DeWreede. Additional
¢nancial support came from a University Graduate Fellowship,
an Edith Ashton Memorial Scholarship, and a Kit Malkin
Scholarship, all granted by the University of British Columbia
(UBC), from research funds from Ronald Foreman, and from a
‘Programa Regular de Adiestramiento’ Fellowship, granted by
the Organization of American States (OAS).

REFERENCES
—berg, P. & Pavia, H., 1997. Temporal and multiple-scale spatial
variation in juvenile and adult abundance of the brown alga
Ascophyllum nodosum. Marine Ecology Progress Series, 158, 111^119.

Bellamy, P.E., Rothery, P. & Hinsley, S.A., 2003. Synchrony of
woodland bird populations: the e¡ect of landscape structure.
Ecography, 26, 338^348.

Bj�rnstad, O.N., Ims, R.A. & Lambin, X., 1999. Spatial popula-
tion dynamics: analyzing patterns and processes of population
synchrony.Trends in Ecology and Evolution, 14, 427^432.

Bullock, J.M., Moy, I.L., Pywell, R.F., Coulson, S.J., Nolan,
A.M. & Caswell, H., 2002. Plant dispersal and colonization
processes at local and landscape scales. In Dispersal ecology (ed.
J.M. Bullock, R.E. Kenward and R.S. Hails), pp. 279^302.
Oxford: Blackwell Publishing.

Bruce, P., Simon, J. & Oswald, T., 1999. Resampling Stats user’s

guide. Arlington: Resampling Stats.
Buonaccorsi, J.P., Elkinton, J.S., Evans, S.R. & Liebhold, A.M.,
2001. Measuring and testing for spatial synchrony. Ecology, 82,
1668^1679.

Burrows, M.T., Moore, J.J. & James, B., 2002. Spatial synchrony
of population changes in rocky shore communities in Shetland.
Marine Ecology Progress Series, 240, 39^48.

Coleman, M.A., 2002. Small-scale spatial variability in inter-
tidal and subtidal tur¢ng algal assemblages and the temporal
generality of these patterns. Journal of Experimental Marine

Biology and Ecology, 267, 53^74.
Dayton, P.K., Tegner, M.J., Parnell, P.E. & Edwards, P.B., 1992.
Temporal and spatial patterns of disturbance and recovery in a
kelp forest community. Ecological Monographs, 62, 421^445.

Driskell, W.B., Ruesink, J.L., Lees, D.C., Houghton, J.P. &
Lindstrom, S.C., 2001. Long-term signal of disturbance: Fucus
gardneri after the ExxonValdez oil spill. Ecological Applications,
11, 815^827.

Freckleton, R.P. & Watkinson, A.R., 2002. Large-scale spatial
dynamics of plants: metapopulations, regional ensembles, and
patchy populations. Journal of Ecology, 90, 419^434.

Heaven, C. & Scrosati, R., 2004. Feeding preference of Littorina
snails (Gastropoda) for bleached and photosynthetic tissues of
the seaweed Mazzaella parksii (Rhodophyta). Hydrobiologia, in
press.

Hudson, P.J. & Cattadori, I.M., 1999. The Moran e¡ect: a cause
of population synchrony.Trends in Ecology and Evolution, 14, 1^2.

Hughey, J.R., Silva, P.C. & Hommersand, M.H., 2001. Solving
taxonomic and nomenclatural problems in Paci¢c
Gigartinaceae (Rhodophyta) using DNA from type material.
Journal of Phycology, 37, 1091^1109.

Kim, J.H., 2002. Mechanisms of competition between canopy-
forming and turf-forming intertidal algae. Algae, 17, 33^39.

Kim, J.H. & DeWreede, R.E., 1996. Distribution and feeding
preference of a high intertidal littorinid. Botanica Marina, 39,
561^569.

Koenig, W.D., 1999. Spatial autocorrelation of ecological
phenomena.Trends in Ecology and Evolution, 14, 22^36.

Koenig,W.D., 2002. Global patterns of environmental synchrony
and the Moran e¡ect. Ecography, 25, 283^288.

Scrosati, R., 1998a. Mechanisms of recolonization of the clonal
intertidal alga Mazzaella cornucopiae (Rhodophyta,
Gigartinaceae) after disturbances. Canadian Journal of Botany,
76, 1717^1724.

Scrosati, R., 1998b. Population structure and dynamics of the
clonal alga Mazzaella cornucopiae (Rhodophyta, Gigartinaceae)
from Barkley Sound, Paci¢c coast of Canada. Botanica Marina,
41, 483^493.

Scrosati, R. & DeWreede, R.E., 1997. Dynamics of the biomass^
density relationship and frond biomass inequality forMazzaella

cornucopiae (Rhodophyta, Gigartinaceae): implications for the
understanding of frond interactions. Phycologia, 36, 506^516.

Underwood, A.J. & Chapman, M.G., 1998. Variation in algal
assemblages on wave-exposed rocky shores in New South
Wales. Marine and Freshwater Research, 49, 241^254.

Submitted .... Accepted ....

4368.4 R. Scrosati Population synchrony in Mazzaella

Journal of the Marine Biological Association of the United Kingdom (2004)


