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Faetors respons i b1e for thc spati al strueture ')f phytopl ankton turn
over (PIE) were examined in a coastal environment. During strong vJinds,
the wind stress aeeounted for all the variance in the spatial structure
of PIE. In ealmer periods, biologieal influences \tIere manifested.

Summaire

On a examlne, dans un milieu eötier, les faeteurs responsables de
1a structure s pati al e du taux de renouvell ement (PIB) du phytopl aneton.
Pendant les p6riodes de vent fort, la force du vent expliquait toute
la variance dans la strueture spatiale de PIE. Dans les pel'iodes plus
ealmes, les influenees biologiques ~taient manifestes.
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In a previous study (Platt, Diekie and'Tl~itcs, 1970) \'/e have examined
the varianee beülCen-stations of phytopl ankton biomass estimates (using
chlorophyll as an index) in coastal \'/atel'S. He l~eport here some recent
rcsults on envi ronmen tul faetors eorre1ated \'Jith the vari anee betv/een
stations in the produetivity:biomass (Pln) l"'atio fOl~ phytopl ankton in the
same eoastal area, St. f.1argaret 1 s Bay, Nova Scotia.

Full experimental details are given in Thel~riault (1977). Bricfly,
six stations chosen rtindomly to lie within an area of a few squarn kilometers
were occupied on thirty occasions throughout the year. On each occasion,
replieate sa:nples v/ere taken for 14C uptake, chlorophyll a and phaeopig-
ment concentration, C/N I'atio of tile particulatc mutter, rW3, Si03, flH 3
P04. The design wus such that the bctwccn-station component of ~IC

variance of each quantity mcasurcd could bc separated by analysis of
varianee. l'lind speed and direction \'lCre measurcd eontinuously in t\'lO

si tes on the shol'e of the Bay, and averaged every hour.

Figure 1 shows the daily means of wind streis and direction togcthcr
\'Iith the betl-leen-station variance und mcan vuluc of PIE for each sarnpling
day. Apprcciable seasonal differences in vJind stress can bc seen, vlith
generally 1m-leI' values dUl'ing summer and-a short period in the \':intel~:

duri ng these ealm pedods, mean PIB ratios \'lel'e genel'ally hi gher.

In Table 1, the spatial eomponents of the varianees of PIB und its
biological and ehemical covariates are listed. Significant spatial inhomo
geneities could be detected at all tincs of thc ycar for most quantities
measured. No consistent relationships could be found between thc spatial
structure of the PIE ratio to those of its covariates.

Thc relative importance of the different covariates has been evaluated
by stepwise regression using the spatial variance in PIE as dependent
variable. For this analysis, the results have been separated into
those corresponding to \'linds greater than 5 ms- 1 (average of 72 h pl~i or
to sampling) and those corresponding to winds less than 5 ms- 1 • This
threshold was chosen as that corresponding to the wind stress above which
'increasing wind stress has a measurable effect on near surface turbulence
(Kullenberg, 1971, 1972).

Tab1e 2a shows the result of regression analysis for all data, pooled
regardless of \'lind speed. Several factol~s, of rough1y equal importance,
combined to explain the observed spatial variance of PIB. These \'Jere
wind stress (pccounted for 13% of variance in PIE), variance of C/N ratio
(14%), and NH't(l3%). In all,64% of the variance in PIB could be accounted
for.

Differences in C/N are interpreted as reflecting differcnces in
ehemica1 eomposition of phytoplankton due to local differences in species
composition 01' in the physiologieal state of the population (Antia et al.,
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1963; Stl'ickland et al. ~ 1969; Capcron and 'r'icycr~ 1972). Diffen~nces
in Wb are -intcl'preted as ref1ecting variations in grazing activity of
zooplankton.

Table 2b is for thc regression analysis 'llsing data for \'linds <5 I11s- 1 .
Our previous \'lork (Platt and Filion~ 1973) has suggested that calm periods
vwuld be more conducive to thc finding of stronger horizontal gradients
in species-related ·characteristics of thc phytoplankton community. In
Tab1e 2b \','e see that spati al val'i ances in C/N l'ati 0 i110ne coul cl ar.count
for '13;~ of thc spatial structure in TIß. Phacopigments (20'1:') al~e also
important during calm periods. These are intcrpreted as another index .
of grazing activity. In al1,85/~ Ol~ the varianr.e in PIß could be accounted
for.

Table 2c is for \'linds >5 InS-I. Hen~, only one factor~ vlind stress is
significant; accounting for 41% of thc variance in PIß. In a non-linear
regression, Tab1e 2d, reflecting the non-linear nature of thc n:~lation-

ship bcü/ccn \'lind stl'css and nCilr-sul'face tlJl~bu"cnce, 80;!, of the val'iance
in PIE could oe exp1ained. Periods of high \'linds leading to stronger
tUl'bu1cnt mix'lng are thus l~espollsible for damping out bio1ogical differences
behJeen stations such that phytoplankton·turnover at adjacent stations
becomes more similar.
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Table 1. Cornparison of thc bctv/ccn-station eomponcnts 'of thc var'ianec for thc vadous
bi 01 ogi ea1 and eherni ea1 factors measurcdin St. ~1argal~ctI s ßay.

Day Dily/r~onth PIE Phaeo. C/N POr N0 3- SiO~- Nfl 3

1 (14/01) 0.0569 3.009 0.331 0.437 1.404 0.115 3.387

2 (29/01) ,112.9588 0.171 0.600 0.103 0.577 0.091 1.073
'3 (11 /02) 0.0000 0.007 0.3S8 0.000 0.026 0.021 1.201
4 (18/02) 21.5194 0.004 0.000 0.010 0.567 0.000 0.731

• (26/02) 9.9766 0.019 0.000 0.027 0.046 1.441
(04/03) 0.0000 0.000 2.740 0.073 1.237 12.988 1.420

7 (11 /03) O. 1331 0.000 0.392 0.006 0.048 1.368 0.881
8 (18/03) 0.0000 0.000 1.775 0.178 0.059 0.563 2.212
9 (03/04) 0.0791 0.000 3.187 0.066 17.471 1.438 0.199

10 (0,8/04) 0.0214 0.000 0.453 0.140 11. 057 0.096 0.295
11 (22/04) 0.0953 0.393 0.000 0.026 0.000 1.108 0.502

12 (30/04) 0.7594 0.225 2.626 0.007 0.033 0.627 4.900

13 (14/05) 0.7709 0.009 0.975 0.006 0.005 1.051 0.204 '

14 (21/05} 4.0847 0.021 0.088 0.013 0.163 0.446 1. 916
15 (03/06) 0.6395 0.176 0.064 0.039 0.042 1.494 0.194
16 (11/06) 3.3368 0.055 0.336 0.001 0.022 0.348 0.140
17 (17/06) 5.6191 0.208 0.148 0.037 0.007 0.302 0.161

e ' (02/07) 15.7691 0.019 0.000 0.112 0.147 1.498 0.657
19 (16/07) 19.9218 O. 175 0.193 0.024 0.064 0.060 0.632
20 (23/07) 9.4763 0.030 0.748 0.217 0.001 0.444 0.330
21 (07/08) 19.4665 0.014 0.281 0.017 0.015 1.989 0.145
22 (13/08) 356.3272 0.065 4.042 0.052 0.005 0.087 0.131
23 (02/09) 18.1~06 0.214 0.319 0.162 0.069 2.704 0.024
24 (09/09) 316.3335 17.224 1.037 0.004 0.024 0.023 1.234
25 (23/09) 2. 1530 O. 106 0.929 0.063 0.006 0.691 0.083
26 (08/10) 0.5852 0.095 3.177 0.025 1.194 0.424 1.583

27 (22/10) 1. 5913 0.192 0.243 0.019 0.148 0.577 0.352
28 (05/11 ) 2.2422 0.000 0.000 0.013 0.150 0.453 0.000

29 (19/11) 4.1834 25.334 0.836 0.182 3.358 6.339 4.258
30 (16/12) 0.0447 0.000 0.039 0.011 0.000 0.193 0.829
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Table 2. Summary of tlle step\·!ise 1ineal~ I'egression analyses using dat<l for a) a11
silmpling days (30 Ct'uises); b) tl1esampling days cllaraeterized by a previous
\'lind velocity (previous 72 11) <5 I11s- 1 ; c) the sampling dilYs with previous
\'Jind velocity .::.5 I11S- 1 • The qUilntity R is thc eumulative multiple correlation
coefficient. !lR2 is the increase in the amount of the variancc in thc
independent variable \'Jhich is explained by including a particular variable
in the regression.

Dependent Independent Regress. s. e. of Cumulative !IR 2
Val~ii1ble Variilbles Coeff. Regl'(~ss . CoeH. R

a)
Val'; ance Var. C/N 53.675 10.750 0.3799 0.1443

PIE vJind stress - 0.077 0.067 0.5219 0.1280

e Var. Phaeo. 9.588 2.365 0.5844 0.0692
Var. NIi3 -33.797 10.336 0.6851 0.1278.
Var. N03 - 7.997 3.200 0.7420 0.0812
Var. SiO~- -11.370 4.765 0.7998 0.0892
Constant 54.510

b)
Variance Var. C/N 67.886 11 .669 0.6529 0.4263

PIE Var. NH3 -33.572 9.122 0.711 0 0.0792
Var. Phaeo .. 12.819 2.343 0.8387 O. 1979
Var. SiOf -39.156 10.906 0.9225 0.1476
Constant 36.699

c)
0.016Vati anee Hind stress - 0.039 0.6425 0.4128

PIE Constant 25.230

d)
evariance ~1ind stress - 6.821 1.145 0.8930 0.7980

PIE (log)
(109) Constant 18.579

Analysis of Variances

df Sum of Squares Fs

a) Regressi on 6 136452.864 6.807
Residual 23 76839.841

b) Regressi on 4 167074.918 18.575
Residual 13 29231.826

c) Regression 1 258.919 6.327
Residual 9 368.289

d) Regression 1 5.291 35.459
Residual 9 1.343


