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ABSTRACT 
A twelve-year series of chlorophyll data from the 

CalCOFI station in the Santa Barbara Basin (SBB) shows 
that pigment is consistently concentrated in the upper 
25 m. The annual maximum tends to be in April or May. 
When temporal fluctuations of mixed-layer chlorophyll 
are compared with the fluctuations at other CalCOFI sta- 
tions, the stations most sirmlar lie to the south and west of 
the SBB. There is one nonadjacent station to the north. 
Chlorophyll fluctuations west of stations 60 or 70 are neg- 
atively correlated with fluctuations at the SBB station. 

Phytoplankton species at the SBB during April 1993 
and April 1995 were typical upwelling diatoms. When 
the species structure at the SBB is compared with that 
at other CalCOFI stations, the stations with sirmlar species 
structure tend to be those with similar temporal patterns 
of chlorophyll fluctuations. Species structures of the off- 
shore stations have negative correlations with structure 
at the SBB. 

INTRODUCTION 
The Santa Barbara Basin (SBB) is an area of roughly 

575 km2 in the central portion of the elongate Santa 
Barbara Channel, southeast of Point Conception, Cddornia. 
The channel and basin have been the site of many re- 
search programs (Baunigartner et al. 1992; Thunell et 
al. 1995; Hendershott and Winant 1996; Schimmelman 
and Lange 1996; Osgood and Checkley 1997). Much 
of the interest has been prompted by the existence of 
varved sediments within the basin (Lange et al. 1996; 
Schmmelnian and Lange 1996). These are a consequence 
of a unique combination of hydrography, biology, and 
bottom topography, and they have unusual potential 
for fine-scale reconstruction of climatological and oceano- 
graphic history (Schimmelman and Lange 1996). 

The accuracy of such reconstruction will depend in 
part on the degree to which the deposition within the 
basin can be related to regional oceanographic condi- 
tions and to larger-scale processes. On the one hand, 
the complicated hydrography of the SBB (Harms and 
Winant 1998) indicates that near-surface conditions in 
the SBB are highly variable on small spatial and tempo- 
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ral scales and may not always be closely related to con- 
ditions outside the basin. O n  the other hand, sedimen- 
tary records from the SBB do appear to reflect historic 
large-scale phenomena (Lange et al. 1990), suggesting 
that generalizations are valid, at least over sufficiently 
broad scales. 

Since the early 1950s, the California Cooperative 
Oceanic Fisheries Investigations (CalCOFI) has regularly 
occupied a station in the SBB as a part of its routine sur- 
vey of the California Current. To my knowledge, no 
study has directly compared phytoplankton of the near- 
surface waters of the SBB with those of the rest of the 
stations in the CalCOFI grid in order to examine sim- 
ilarities and differences on scales of lulometers and years. 

Two recent studies have examined patterns of mixed- 
layer chlorophyll and floristics from the CalCOFI re- 
gion. The SBB station provided data for both studies. 
But because of the synthesis of a large amount of data, 
the contribution of this one station cannot be identified 
specifically. Because of the interest in this local region, 
it is appropriate to examine the data from the SBB sta- 
tion directly. 

The first study included an analysis of near-surface 
chlorophyll concentrations between January 1984 and 
July 1995 (Hayward and Venrick, in press). O n  the basis 
of the temporal fluctuations, three cohesive regimes 
within the CalCOFI area were identified (fig. 1). Within 
each regime, primary production is regulated by a dif- 
ferent combination of physical processes. Most relevant 
to the present study is the northern inshore regime, 
which includes the SBB station at the northern edge. 
At these stations, chlorophyll in the mixed layer typically 
peaks between March and May when the euphotic zone 
is enriched by isopycnal shoaling, which brings nutrient- 
rich water to the surface. 

In the second study (Venrick 1998) the distributions 
of phytoplankton species in the mixed layer were ex- 
amined for two spring bloom periods: April 1993 and 
April 1995. In these years, a spring flora recurred and 
dominated the northern inshore regime. 

The following study extends the previous analyses 
to examine the conditions at the SBB station with three 
objectives: to confirm the seasonal cycle of chlorophyll, 
to determine the species composition during two spring 
bloom periods, and to determine how large a region is 
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Figure 1. Location of three environmental regimes defined by Hayward and Venrick (in press). The near-surface chlorophyll concentrations at stations within 
each regime have similar patterns of fluctuations over time. The boundary between regimes fluctuates, so that 16 stations (open circles) are alternately in one 
regime or another and cannot be classified. The average seasonal variations of chlorophyll within each regime are expressed as the difference between the annual 
mean at each station and the cruise value, averaged over all stations within a region within a month. Numbers in parentheses indicate the numbers of values in 
each mean. 

represented by chlorophyll fluctuations in the SBB on 
the interannual scale, and by floral structure on the quasi- 
synoptic scale. 

METHODS 
All samples were collected at standard CalCOFI sta- 

tions. Station positions are given in CalCOFI data re- 
ports (e.g., S I 0  1993, 1995). For convenience, station 
numbers have been rounded to the nearest whole num- 
ber. Thus, station 40.6 on line 83.3 is designated as 83.41. 

Since 1984, chlorophyll concentrations have been 
routinely determined from 10 to 14 depths in the upper 
200 m. Samples are filtered through Whatman GF/F fil- 
ters, extracted in acetone, and analyzed fluorometrically. 
Details of the procedure are given in CalCOFI data re- 
ports (e.g., S I 0  1993, 1995). During this period, cruises 
have occurred quarterly, except for 1984 when there 
were six cruises. Fifty cruises in 12 years (8401 to 9510) 
are included in this study. On each of these cruises, a 
single station was occupied in the SBB, usually station 
82.47. The target location of this station is 34"16.5'N, 

120"1.5'W. Past stations have been within 15 k m  of 
this position. 

In April 1993 (cruise 9304) and April 1995 (cruise 
9504), phytoplankton samples of 125 ml were collected 
from the second bottle of the routine hydrocasts. Samples 
were preserved with neutralized formalin and enumer- 
ated under an inverted microscope. The volume counted 
varied from 0.17 nil to 100 ml. The entire amount set- 
tled was counted a t  1 0 0 ~  for the larger or rarer taxa, 
and one-sixth of the volume was counted at 250x for 
small species. 

The sample from the second depth comes from the 
mixed layer when a mixed layer exists. This is the only 
depth, other than the surface, that has a consistent re- 
lationship with the vertical density structure across a 
broad range of hydrographic regimes. Over the 12-year 
period, the second depth varied between 3 m and 22 m, 
with a mean of 12.2 m. At the SBB, the mean depth 
was 10.8 m. 

In order to compare the SBB station to the other sta- 
tions in the CalCOFI grid, Spearman's nonparametric 
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correlation coefficients (p) were calculated between data 
from the SBB station and from each other station. In the 
analysis of chlorophyll, the data correlated were the 
temporal sequences of mixed-layer chlorophyll con- 
centration. In the floristic analyses the data were the rank 
order of abundance of phytoplankton species from the 
mixed layer. 

In these analyses, p is used as a qualitative index of 
similarity. The numbers of correlations are so great that 
some are likely to be “significant” by chance alone (mul- 
tiple testing), Thus the actual probabhty of any one value 
cannot be directly evaluated. The null distribution of 
Spearman’s p is a function of sample size, and sample 
size varies with each station pair (i.e., the number of 
cruises that sampled both stations during the 12-year 
period, or the number of species in their combined 
species list). Thus values of p based upon samples of 
different sizes cannot be directly compared. To correct 
for the effect of sample size, the magnitude of a corre- 
lation was evaluated by reference to standard statistical 
tables. It is important to keep in mind that, in spite of 
reference to statistical tables, I am interested in relative 
strengths of relationships and their patterns, rather than 
statistical significance. 

RESULTS 

Temporal Patterns of Chlorophyll 
The SBB station is one of 7 stations near Point 

Conception that has a mean mixed-layer chlorophyll in 
excess of 2 mg m-’ (fig. 2). It had the fourth highest 
single chlorophyll concentration observed during this 
study: 22.3 mg m-’ at 1 m depth in April 1995. The 
maximum chlorophyll concentration was 29.9 mg m-3 
at 21 m at station 87.33 in March 1987. Concentrations 
exceeding 22.3 mg m-’ were also found at station 83.41 
in May 1985 and at station 77.55 in July 1990. 

Elevated chlorophyll concentrations at the SBB sta- 
tion are restricted to the upper 25 m (fig. 3). There is 
no recurring or persistent subsurface maximum such 
as characterizes offshore waters (Venrick et al. 1973) or 
waters farther south in the Southern California Bight 
(Cullen and Eppley 1981). 

Values integrated to 200 m are variable (fig. 4), rang- 
ing between 20 mg mp2 (Aug. 18, 1985) and 553 mg 
m-’ (April 17, 1995). An estimate of the seasonal cycle 
is obtained by subtracting from each datum that year’s 
annual mean value (fig. 5). Maximum annual devia- 
tions occur between April 11 and May 17. Only four of 
ten deviations in that period are markedly elevated, al- 
though nine of the ten are above the annual mean. 
Minimum deviations occur between August and January. 
Maximum values in the spring are characteristic of the 
northern inshore regme defined by Hayward and Venrick 
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Figure 2. Mean chlorophyll concentration in the mixed layer, 1984-95. 

(fig. l), although some stations in this regime have peak 
concentrations as early as March. The probability that 
the four highest annual deviations would occur during 
the spring (March-May) if, in fact, there is no spring 
bloom is vanishingly small ( p  = 8.7 x 

To make the following analysis comparable to the 
floristic analysis to follow, I have restricted it to the chloro- 
phyll in the second depth of the routine CalCOFI hydro- 
casts. At the SBB station, this sample most frequently 
(44%) contains the maximum chlorophyll in the water 
column, and the concentration from this depth explains 
65% of the variabhty of the total chlorophyll (Spearman’s 
p = 0.81; I do not give a probability here because of the 
lack of independence of the two sets of data). Presumably, 
fluctuations of chlorophyll at the second depth indicate 
fluctuations in biomass as well as do fluctuations at any 
single depth. 

I have examined the geographical area sharing the 
pattern of chlorophyll at the SBB station by calculating 
Spearman’s rank order correlation coefficient between 
the sequence of chlorophyll at the SBB station and the 
sequence at each of the 65 remaining CalCOFI stations. 
The highest coefficients of similarity (“p” I 0.001) de- 
fine a group of 9 stations, which, with one exception, 
lie south and west of the SBB (fig. 6). The boundary of 
this cluster is similar to that of the northern inshore 
regime defined by Hayward and Venrick (fig. 1). On the 
other hand, the correspondence with the high chloro- 
phyll stations (fig. 2) is weak. The next contour of sim- 
ilarity (“p” I 0.05) includes most of the nearshore stations, 
east of station 70 in the north but restricted to the im- 
medate coast along lines 90 and 93. This boundary cor- 
responds to the 12-year mean chlorophyll contour of 
1.0 mg mp3 (fig. 2). Thirty-seven of the 65 CalCOFI 
stations have positive correlations with the SBB. These 
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Figure 3. Timeidepth plot of chlorophyll concentration at the Santa Barbara Basin station, 1984-95. 
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Figure 4. 
SBB station. Horizontal lines indicate annual means. 

Temporal variability of integrated chlorophyll, 0-200 m, at the 

stations are the inshore portion of the CalCOFI grid. 
Farther offshore, all but two stations have low but neg- 
ative correlations with the SBB station. These offshore 
stations fall in the offshore regime defined by Hayward 
and Venrick (in press). 

Within the region delimited by a positive relation- 
ship with SBB (fig. 6), only the SBB station and station 
87.45 have eight high correlations with other inshore 
stations ("p" IO.001). No other inshore station has more. 
From this perspective, we may say that the fluctuations 
of mixed-layer chlorophyll at the SBB station are as rep- 
resentative of fluctuations in the inshore region as are 
those at station 87.45, and are more representative than 
chlorophyll fluctuations from other stations. 

Spring Species Composition 
El Niiio conditions prevailed during most of 1993. 

However, during the spring of 1993, there was a brief 
return to more normal circulation patterns (Hayward 
et al. 1994), so that the environmental characteristics of 
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Figure 5. Seasonal cycle of integrated chlorophyll, 0-200 m, at the SBB 
station. Values are deviations from the annual mean value, by month. 
Numbers indicate the year. 
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Figure 6. Similarity map for chlorophyll. Contours indicate positive corre- 
lations (Spearman's p) between chlorophyll fluctuations at the SBB station 
and surrounding stations at two "probability levels," uncorrected for multiple 
testing. Dashed contour is the boundary between positive and negative 
correlations. 
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station 82.47 in April 1993 were similar to those of April 
1995 (fig. 7). The pycnocline began near 20 m, and most 
chlorophyll was shallower. The major differences be- 
tween years were the lower nitrate and higher chloro- 
phyll in 1995. The profiles suggest that the SBB in 1993 
was sampled earlier in the development of the bloom, 
and that differences between years may be artifacts of 
the time of sampling. 

Temperature, oxygen, nitrate, and chlorophyll data 
indicate that the most recent upwelling occurred near 
stations 77.49 and 80.51 in 1993 and near stations 77.49, 
77.51, and 80.51 in 1995 (Venrick 1998). Some portion 
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Figure 7. 
1995. 

Environmental characteristics at the SBB station, April 1993 and 

of the water at the SBB station may have been advected 
from the north. Conditions during these cruises are 
discussed more fully by Hayward et al. (1994, 1995, 
1996). Data have been published in cruise reports ( S I 0  
1993, 1995). 

A total of 39 species was identified at the SBB station 
during the April cruises of 1993 and 1995 (table 1). 
There were 2,556 cells ml-’ comprising 27 identified 
species in April 1993; three additional species were rec- 
ognized in uncounted material. In 1995 there were 4,181 
cells r n - ’  comprising 25 species. Both flora were dom- 
inated by species of Chaetoceros in the subgenus 
Hyalochaetae. Five coccolithophorids but no dinoflagel- 
lates were present. The major differences between the 
two floras were the absence of Skeletonema costatum in 
1993 and the dominance of Chaetoceros socialis in 1995. 
Despite the differences, the correlation between rank 
orders of abundance of the two spring floras was signif- 
icant (p = 0.34, p < 0.05). Such temporal consistency 
is not normal in the CalCOFI pattern. Between the two 
sampling periods, only three other stations (77.80, 77.55, 
and 83.55) had a similar consistency of flora over time. 
It is unlikely that there is anything special about these 
four stations; more likely, they are random artifacts of 
the large numbers of possible correlations. 

Spearman’s p was used to examine the floral similar- 
ities between the SBB station and the remaining CalCOFI 
stations. In general, stations with similar patterns of 
chlorophyll fluctuations over time (fig. 6) have similar 
species composition (fig. 8). However, the patterns de- 
rived from floristics are less spatially and temporally co- 
hesive. The stations most similar to the SBB station were 
different in 1993 and 1995; the only stations to be cor- 
related with the SBB station with “p” I 0.05 in both 
years were stations 83.55, 87.50, and 87.33. Relationships 
with other stations changed; station 83.51 was similar to 
the SBB station in 1993 (p = 0.40, “p” 50.01) and not 
in 1995 (p = 0.13, “p” > .20). Also, the stations most 
similar to the SBB station are not always adjacent to it. 

The floristic patterns reflect the hydrography. The 
similarity between SBB and 87.70 in 1993 corresponded 
to a well-developed offshore eddy that is reflected in the 
maps of dynamic height and 10 m chlorophyll values. 
The eddy had transported offshore a parcel of nearshore 
water and flora. The discontinuous flora along line 83 
in 1995 was related to a meander in the California 
Current, which brought offshore flora into stations 80.60 
and 80.55. This is more evident in the 10 m chlorophyll 
and temperature map ( S I 0  1995) than in the dynamic 
heights, perhaps indicating a near-surface feature. 

In this study, a negative correlation of species struc- 
ture usually indicates species replacement. The stations 
that were negatively related to the SBB station were as 
abundant as stations with positive relationships. Out  of 
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Code 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

TABLE 1 
Species Found in the Santa Barbara Basin (CalCOFI Station 82.47) in April 1993 and April 1995, 

Listed According to Mean Dominance 

Cells ml-’ 

Species 1993 1995 Mean 

Chaetoceros sorialis Lauder 
Chaetoceros debilis Clew 
Chaetoceros radicans Schutt 
Pseudo-nitzschia spp.-delicate forms 
Skeletonerna costafuni (Grev.) Clew 
Pseudo-nifzsclzia spp .-robust fonns 
Cliaetoceros didymns Ehrenb. 
Chaetoceros costnfns Pavillard 
“Epiphytic cylinder” 
Chaetoteros compressus Lauder 
Gephyrorapsa oceanica Kampt. (Grindley & Tayler) 
TCInlassiosira cf aestivalis Gran 
Gephyrocapsa spp. 
Fragilariopsis psendonana Hasle (Hasle) 
Barreriastrum delicuutulurn (Cleve) 
Cylindrotlieca closterinm (Ehrenb.) Lewin 8: Reiniann 
Chaefoccros cf. vanhenrcki (Gran) 
Dactyliosolen phnktensis (Sundstrom) Hade 
Tlzalassiosira dawxi~ste-lineata (A. Schmidt) Fryxell 8: Hasle 
Thalassirisira cf: bioculata (Grunow) Ostenfeld 
Emilianin lzuxleyi (Lohm.) Hay & Mohler 
Thalassiosira cf: eccentrics (Ehr.) C1. 
Thalassiosira voluh (Meunier) 
Dacryliosolen jq i l i s s in ia  (Bergon) Hade 
Dactyliosulen blavyanns (H. Perag.) Hasle 
Hemiadus  sinensis (Grev.) 
Pennate 1 
Leptorylindrus danicus C1. 
Lauderia annnlara C1. 
Chaetoceros ufinis Lauder 
Ampliiprora spp. 
Ditylunr brixhtwelli West (Grun.) 
Tllalassiosira cfi nordenskioldii Cleve 
Ckaetoceros “fine aequatorialis” 
Actiriocyclus “small curvatulus” 
Anoplosolcnia brailiensis (Lohm.) Ueflandre 
Haslea wawrikae (Hut . )  Siinonsen 
Mastogloia woodiana Taylor 
Helicosphaera carterae (Wallich) Kaiiiptiier 

147 
636 
566 
356 

0 
44 
49 

209 
114 
84 
49 

5 
16 
82 
54 
16 
24 
24 
0 
0 
+ 
0 

22 
19 
0 
0 

10 
0 
8 
5 

0 
0 
3 
3 
3 
3 
+ 
+ 

5 

2,031 
499 
14i  
82 

277 
23 1 
195 

0 
54 
54 
82 

118 
82 

0 
18 
34 
45 
23 
45 
45 
27 
23 

0 
0 

18 
14 
0 
9 
0 
0 
0 
5 
5 
0 
0 
0 
0 
0 
0 

1,089.0 
567.5 
355.5 
219.0 
138.5 
137.5 
122.0 
104.5 
84.0 
69.0 
65.5 
61.5 
49.0 
41.0 
36.0 
35.0 
34.5 
23.5 
22.5 
2 2 5  
13.3 
11.5 
11.0 
9.5 
9.0 
7.0 
5.0 
4.5 
4.0 
2.5 
2.5 
2.5 
2.5 
1.5 
1.5 
1.5 
1.5 
+ 
+ 

Total 

Unidentified cells 
Ayalochaete spp. 

Tldassiosira spp. 
Pennate diatoms 

spores 

2,556 

745 
0 

35 
5 

4,181 

784 
5 
5 

23 

3,367.5 

764.5 
2.5 

20.0 
14.0 

Overall total 3,374 4,998 4,186.0 

+ indicates that the species was present in the material but not seen in the fraction counted 

48 and 51 comparisons in 1993 and 1995, 22 and 31 
pairs were negative. The boundary between negative and 
positive correlations varied, but the alongshore orien- 
tation agreed with the boundary defined in figure 6 on 
the basis of positive and negative relationships between 
temporal patterns of chlorophyll. Both of these, in turn, 
corresponded with the boundary region between coastal 
and offshore regimes defined by Hayward and Venrick 
(fig. 1). 

DISCUSSION 

Seasonal Cycle 
There is a great deal of variability in the chlorophyll 

data series (figs. 3 and 4). Although much of this may be 
due to the complicated hydrography in the region, some 
portion almost certainly arises from sampling error due 
to the interaction of cruise timing with the seasonal cycle. 
For instance, the absence of a peak in the spring of 1994 
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Figure 8. Similarity maps for species structure together with maps of dynamic heights and 10 rn chlorophyll concentrations for 1993 and 1995 (SI0 1993, 1995). 
Solid contours of similarity indicate the positive correlation (Spearman's p) between the order of dominance of species at the SBB station and surrounding sta- 
tions at "p" 5 0.05, uncorrected for multiple testing. Dashed contour shows boundary between positive and negative correlations. Stations without floristic samples 
are unlabeled. 
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may indicate only that the cruise did not coincide with 
the spring bloom in the SBB. This sampling error is re- 
flected in both seasonal and interannual variabilities. 

With some simplifjmg assumptions, the sampling error 
may be used to estimate the probable duration of the 
spring peak. I define a bloom as an integral chlorophyll 
concentration greater than 7 mg m-’ above the annual 
mean. There were four such values between April 11 and 
May 17 (fig. 5). I assume that the peak occurs each year 
during a 40-day period (e.g., April 10 and May 20); this 
period was sampled by ten cruises. I also assume that the 
number of days of elevated chlorophyll is the same each 
year (although they do not need to be sequential), and 
that the timing of cruises relative to the chlorophyll peak 
is random, so that each cruise during that period is equally 
likely to sample a chlorophyll peak. Then, from the bi- 
nomial distribution, the 90% confidence interval for 
bloom duration is between 9 and 24 days. If we permit 
some years without blooms, this interval becomes longer. 
For instance, if we assume we sampled every bloom (i.e., 
six years had no blooms), the shortest likely bloom du- 
ration is 18 days. If we assume a bloom each year but 
enlarge the possible bloom period to include March, 
then the correspondmg 90% confidence interval is 11-33 
days. Calculations such as these suggest that the spring 
bloom at the SBB station (when it occurs) is likely to 
be longer than one week and shorter than six weeks. 

Spring Species Composition 
A spring flora-dominated by Chaetoceros species in 

the subgenus Hyalochaetae ,  Ske l e tonema  cos ta tum,  and 
Pseudo-nitzschia spp.-appeared during April of both 
1993 and 1995. These species are the quintessential com- 
ponents of enriched flora throughout temperate oceans 
(Venrick 1998). 

A continuing goal of my work is to provide infor- 
mation on species composition in the water column 
which can be compared with species from sediment 
traps and near-surface secbments (e.g., Lange et al. 1997). 
I need many more than two phytoplankton samples over 
varying scales of time and space to make this compari- 
son meaningful. Nevertheless, a preliminary observation 
may be warranted. 

O n  the basis of sediment trap data collected in 1994 
from the SBB, Lange et al. (1997) characterized the spring 
bloom by a high flux of diatom resting spores in the 
genus Chaetoceros, most notably spores of C. radicans. In 
the mixed-layer samples of the present study, species 
in the genus Chaetoceros were dominant, and C. radicans 
was among the top five species in both 1993 and 1995 
(table 1). For correct interpretation of the sedimentary 
record, it is not necessary for the spring flora to be pre- 
served unaltered, only that key elements be preserved 
and that any transformations between water and sedi- 

ment be quantified. Chaetoceros radicans may prove to be 
one such key element. 

Generality 
The area represented by the phytoplankton of the 

SBB has been examined with different data sets over dif- 
ferent time scales. The floristic data are nearly synoptic 
in each of two years. On this scale there is clearly a great 
deal of heterogeneity. The stations most similar to the 
SBB station differ between the two sampling periods, 
and the floral structure at the SBB fluctuates. Generahzing 
details from the spring flora of the SBB to surrounding 
stations at any one point in time is risky. 

On  the other hand, the analysis of changes in chloro- 
phyll over a 12-year period indicates a group of stations 
primarily to the south and west of the SBB station that 
show a common pattern of biomass fluctuations, visi- 
ble above the small-scale complexity of the area. This is 
due, at least in part, to a common seasonal cycle. With 
the present sampling frequency, we cannot define the 
seasonal cycle accurately enough to examine the resid- 
ual interannual variability. It is reasonable to expect (but 
in no way proven) that the floristics behave over time 
in a way similar to chlorophyll. That is to say, there is a 
group of stations, including the SBB station, that tend 
to have similar spring flora on a decadal scale in spite of 
considerable heterogeneity between years. 

Clearly this study is a small fraction of the ideal study. 
The floristic analyses are limited to April. There is no 
reason to expect similar results during different seasons, 
especially since the circulation within the SBB and 
the rest of the California Current has a strong seasonal 
component (Hickey 1979; Harms and Winant 1998). 
Data from additional years are needed. Finally, the study 
should be expanded to other trophic levels. 

Perhaps the most important result from this study is 
that the SBB represents only a fraction of the CalCOFI 
area, regardless of the data type or sampling scale. This 
is the area that roughly corresponds to the northern in- 
shore regime as defined by Hayward and Venrick (in 
press). Stations in the offshore regime are clearly unlike 
the SBB. This places limitations on the generalizations 
that can be made from Santa Barbara Basin data, at least 
on scales shorter than interdecadal. 
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