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22  Variability in the dominance of copepods vs. gelatis plankton was analysed using
23 monthly time-series covering the last 55 yearsratated to changes in climatic,
24  oceanographic, and fishery conditions in the ugnglfegion of Galicia (NW Spain).
25 Seasonality was generally the main component obiity in all groups, both along
26 the coast and in the nearby ocean, but no commmterm trend was found. Coastal
27  copepods increased since the early 1990s, andrgelatplankton increased in the
28 ocean during the 1980s. Different trends were fdondelatinous plankton in two
29 coastal sites, characterized by increases in aitieglusae or tunicates. In all series,
30 multiyear periods of relative dominance of gelatis@s. copepod plankton were
31 evident. In general, copepod periods were obsdrvpdsitive phases of the main
32 modes of regional climatic variability. Conversegglatinous periods occurred during
33 negative climatic phases. However, the low cor@tatbetween gelatinous plankton
34 and either climatic, oceanographic, or fishery afales suggest that local factors play a
35 major role in their proliferations.
36
37 Keywords: climate, copepods, jellyfish, planktivorous fisime-series, tunicates,
38 upwelling
39
40
41 Introduction
42  Gelatinous plankton have always been intriguingoigms: first, because their low
43  organic matter content relative to their volumej aacond, because of their noticeable,
44  plague-like outbursts, often with negative effemsfish and humans (Purcel al,
45 2001; Parsons and Lalli, 2002; Boeioal, 2008; Pitt and Purcell, 2009; Richardsin
46 al., 2009). In contrast, most other organisms chamnaatg present-day zooplankton


https://core.ac.uk/display/71765601?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

have a high ratio of organic matter to volume armedascribed to the zoological subclass
Copepoda (Parsons and Lalli, 2002). Two main tygegelatinous plankton can be
found in almost all marine waters. The first grasiformed by jellyfish, including
Hydrozoan and Scyphozoan medusae, Ctenophora,yghdiphora. These
organisms are predators of other planktonic orgasi@otably copepods) and even
fish, and their rapid proliferation relies on a qaax cycle involving benthic stages
(polyps) and asexual reproduction. The second giotgpresented by tunicates,
including appendicularia, pyrosomes, doliolids, aatps. Pelagic tunicates filter-feed
on phytoplankton and bacteria, and, thus, are pyiro@nsumers in the foodweb. They
do not have a benthic stage as most jellyfishalsg have relatively complex
reproductive cycles with sexual and asexual phdsescates form characteristic
colonies that can reach up to several metres gtieand while they do not have direct
harmful effects, like jellyfish, their large pradifations may significantly impact the
biochemical fluxes through the pelagic foodweb. iRstance, they reduce the flow of
organic matter from primary producers to uppertiropevels, and their gelatinous
remains are degraded by microbes in the water gohater than exported to
sediments (Lebrato and Jones, 2011).

Both medusae and tunicates have adaptations tarfestvironments where
food is scarce or, in the case of tunicates, of genall size with minimal energy
requirements. Tunicates have developed body forrdsalony behaviour to overcome
their inability to perform large metabolic adjustme or migrations in the absence of
strong currents (Acufia, 2001). Medusae also havptad forms and shapes facilitating
encounters with prey using minimal energy consuompfAcuiiaet al, 2011). Large
proliferations of gelatinous plankton are alwaysoticeable event and lead to the
hypothesis of an increasing number of such pralifens as a result of climate and
global changes (Mills, 1995; Parsons and Lalli,2@oeroet al, 2008; Richardsoat
al., 2009). Most of these studies focused on jellyfesid their proliferations were
attributed to a variety of factors acting eithgoa@tely or in combination (Richardson
et al, 2009). Among the most cited were climatic comahsi (Molineroet al, 2005,

2008; Lavaniegos and Ohman, 2007; Lyretral, 2011), but also eutrophication
(Purcellet al, 2001), invasion of species (Graham and Bayha/ R ®@bitat
modifications (Pagés, 2001; leb al, 2008), and overfishing (Bakun and Weeks, 2006;
Lynamet al, 2011). However, recent reviews challenged theothgsis of an overall
increase in gelatinous plankton related to globaihge and point out the importance of
trophic interactions to explain their proliferat®o(Richardsort al, 2009; Lilleyet al,
2011; Condoret al, 2012). One of the main limitations when addregsiriability in
gelatinous plankton is the lack of long time-senésbservations of the abundance,
biomass, and diversity of these organisms in diffeecosystems. In contrast, there are
long series of other planktonic organisms, suctogepods (e.g. Mackas and
Beaugrand, 2010).

The objective of this study is to investigate théts between periods of relative
increase in copepods or gelatinous organisms irtlhoseries of plankton in the
upwelling influenced region of NW Spain over thstl&5 years. Medusae and tunicates
were analysed both jointly and separately to asiceiftthere are common or different
patterns of change related to their body adaptatibhe plankton series were correlated
with climatic, oceanographic, and fishery seriedetermine the factors favouring
gelatinous organisms in this region.
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Methods

Zooplankton

Monthly series of zooplankton abundance were obthfrom two sources. Surface
waters (ca. 7 m depth) from the oceanic regionosunding the NW Iberian Peninsula
were sampled via Continuous Plankton Recorder (BRR//www.sahfos.ac.uk/In

this study, pooled results for the standard zonbdi#een 1958 and 2006 were used
(Figure 1). Abundance data for CPR series correspmmean abundance values for
species recorded in the whole sample (eye courkproe in Richardsoet al, 2006)
and scaled to numbers by taking into account that individual CPR samples
correspond to approximately 3nfror gelatinous plankton, these series included th
categories “coelenterata tissue” (recorded as poesabsence) and Siphonophora to
form a medusae group for analysis. Data for CPRuseel were transformed to
frequency data when constructing monthly or ansaeks (Gibbons and Richardson,
2009). The CPR series were discontinued between 488 1997 in the F4 zone.
Coastal zooplankton was sampled by project RADIALES
(http://www.seriestemporales-ieo.cpat Vigo and A Coruiia between 1994 and 2006
(Figure 1). In this case, samples were collecte&bus0-cm diameter Juday—Bogorov
(A Corufia) or 40-cm diameter bongo plankton neigdyYequipped with 200-um mesh
size. Tows were double oblique from surface to he&om (90 and 70 m in Vigo and
A Corufa, respectively). Samples were preserved-#90 sodium borate-buffered
formaldehyde. Abundance values were reported adeaunf individuals . For the
purpose of this study, the original coastal sesiese categorized in copepods (as
representative of crustacean zooplankton) andigeleat plankton (medusae and
tunicates). Medusae included Hydrozoans and Scy#h@nd tunicates included salps,
pyrosomes, doliolids, and appendicularia.

Because the sampling methods for any of the sesmes specifically designed
for collecting gelatinous plankton, the presentdztn only be considered as indicative
of periods of high abundance, when the probahilitgollecting these organisms is
high. Besides, the data from both the CPR and abssties do not allow for a
computation of biomass, since individual speciesize categories were not recorded.
Phases of relative increase in copepods or gelaipankton were revealed by
constructing a Relative Indicator Series index (RiSthe difference between
detrended, normalized, and standardized abundatgesvof both groups, a procedure
initially conceived to describe alternating fishppitations (Lluch-Cota&t al, 1997).

Environmental variables

Climatic forcing was represented by the North Afil@®scillation (NAO) distributed

by the NOAA Climate Prediction Centdrt{p://www.cpc.ncep.noaa.ggybbtained by
principal component analysis of standardized mgntitans of geopotential height at
500 hPa in the region 20°N-90°N, which were comghitem the reanalysis of series
of observations since January 1950 using an atneoispimodel (Barnston and Livezey,
1987). Because of its known seasonal influencewnean climate (Hurrell and
Dickson, 2004), NAO series were averaged for wi(December—March) and summer
(June—August) periods.

Large-scale variability in ocean temperature wasegented by the Atlantic
Multidecadal Oscillation (AMO, Enfieldt al, 2001), a detrended series of anomalies
of mean surface temperature, obtained from the N&@a&Ah System Research
Laboratory (ESRLhttp://www.esrl.noaa.gov/psd/data/timeseries/AMO/




143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190

Regional oceanographic settings were representsddygurface temperature (SST)
values and by the Ekman transport expressed apveglling index (Ul). SST was
obtained from data averaged in a 1° x 1° cell eerdit 42°N 10°W from the
International Comprehensive Ocean-Atmosphere Det&lSOADS,
http://dss.ucar.edu/datasg¢t¥Zkman transport was computed from geostrophnoisvi
for a 2° x 2° cell centred at 43°N 11°W (Laeinal, 2000). In this study, we employed
seasonal averages of both SST and Ul for the upgdApril-September) and
downwelling (October—March) period$it{p://www.indicedeafloramiento.ieo)es

Fisheriesdata

The European sardin&drdina pilcharduswas chosen as a representative planktivore
and potential competitor for zooplankton prey wiitedusae. Series of sardine landings
in the study region were obtained from annual acdh ICES Divisions Vllic (S Bay

of Biscay) and 1Xa (NW Spain and Portugal) as rdedrin ICES (2011).

Statistical analysis
All series of observations were adjusted to a Bexkihs additive model representing
the main sources of temporal variability (e.g. Neigaet al, 1998):

X = X+ LT [x;]+ X CC [x;] + R [x] Q)

where the value of serigsat timet (x;) is decomposed in the mean of the seg@sthe
lineal trend(LT [x.]), the sum of cyclic componentsC [x.]), and a random component
(R [x:]). The lineal trend was determined by linear regoess&nd the cyclic
components by Fourier analysis. Significance ofaywic terms was determined using
the Anderson4.) criteria (Legendre and Legendre, 1998):

Ac= —(%/n) log.(1-VI—a) )

wheren is the number of observations,the period of the longest cycle, amdhe
significance level (0.05 in this case).

The random component was parameterized using aneguéssive model
predicting values from previous observations ingbees:

R[x:] = ¢i(R[xe—1]) + a; (3)

whereg; are the autoregressive parametersarte “prewhitened” residuals (i.e. a
time-series of randomly distributed, independersteobations of mean 0 and constant
variance). Autoregressive parameters were estimatieg the Yule-Walker equations
(Wei, 1989). Significance of all deterministic texmn the series was determined at
p<0.05.

Zooplankton abundance values were log transfornogd X+1]) to minimize
the weight of large values in the series (e.g. HeatlSameoto, 2007). The possible
effect of environmental and fishery variables canjgton was investigated by
crosscorrelation of prewhitened residuals of threeseof annual mean values of paired
plankton and environmental series. This procedume@at reducing the uncertainty
caused by correlations due to parallel trends chbgen external forcing variable (e.qg.
warming).
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Results

Gelatinous vs. copepod abundance fluctuations

The monthly series from the ocean showed a clemos@l pattern for copepods, more
abundant in spring and autumn (Figure 2). In cattrmedusae and tunicates appeared
sporadically without a particular seasonal prefeegibut both had large interannual
variations. The decomposition of the series in@édat significant increase in tunicates
between 1958 and 1986, while no significant cyolesends were found for other
groups or periods (Table 1). The coastal seriegufEi3) exhibited significant seasonal
variability in all groups (Table 1). Medusae dig@d a significant increasing trend in
Vigo, but decreased in A Corufia. Copepods showsegingficant increase in Vigo,
while tunicates did not have significant lineamntts in any of the series.

The RIS index revealed the shift between periods-Gfyears of marked
copepod dominance in the CPR series followed by short periods (< 3 years)
when gelatinous groups were relatively abundarguifé 4a). The exception was the
decade of 1980 characterized by a large increagmicates. Unfortunately, the exact
duration of this phase of high abundance of gaetasmplankton cannot be determined
because of the discontinuation of the series thgilate 1990s, but these groups
remained high until the early 2000s. In the coasgalkes, the length of the periods of
high gelatinous abundance was much shorter thaihdéoocean, as it did not exceeded 3
years in Vigo (Figure 4b) and was limited to onegfe year in A Corufia (Figure 4c).
Comparison of these abundance periods indicater éelmporal correspondence and,
consequently, large local variability in the preseof gelatinous plankton.

Averaging the series by years to remove the effeseasonality and the
sporadic apparition of gelatinous plankton highieghthe importance of increasing
trends of tunicates in the late 1980s (accouniim¢8% of the series variance), while
there was no significant trend in any of the groopthe CPR series after 1997. In
Vigo, the annual series showed significant increasenedusae (48% of variance) and
copepods (41%), while in A Coruia, none of the ahsaries showed significant trends
or cycles. The prewhitened residuals of these sshewed significant correlations
between copepods and medusae in Vigo, and betvogpapads and tunicates in A
Corufia, but no correlations in the CPR series @ahl It must be noted that any of the
series showed significant correlations between ms&eland tunicates.

Environmental and fishery variability
Positive anomalies of AMO characterized the firsd éast decades of the study period
considered, while negative anomalies dominate@ fong central period (Figure 5a).
The decomposition of annually averaged AMO seneéghated a weak autocorrelation
and interannual trend, but a marked significanteeygpeating maximum anomalies
after 48 years (Table 3). The period of negative@khomalies coincided with shorter
periods of positive NAO and, conversely, positivéd@ with negative NAO (Figure
5b). Winter-averaged NAO values (NAR) had a positive interannual trend (Table 3),
due mainly to the highly positive periods in thelgd990s. In contrast, summer NAO
(NAQ;p) did not show any significant deterministic compnhin our analysis (Table
3).

Sea surface temperature in the study area foll@wedhporal pattern very
similar to that of AMO, with positive anomaliestime 1960s and brief periods after
1990, while negative anomalies prevailed duringlt®@0s and 1980s (Figure 5c). Both



239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

autumn-winter (SSJv) and spring—summer (Sxd) showed equivalent linear increase
rates of 0.02°C yedr and the latter also displayed a significant cyflé6 years (Table
3). In turn, mean upwelling intensity during spriagd summer (Lik) significantly
decreased (Table 3), due mostly to the high paesdivomalies in the 1960s and early
1990s and the prevalence of negative anomalieagllaie 1970s and early 1980s and
2000s (Figure 5d). The duration of positive andatieg phases of NAO and Ul was
much shorter than those of AMO and SST (Figure 5).

The biomass of planktivorous fish, exemplified lydine landings, decreased
throughout the study period (Figure 6). The decasitjmm of the series revealed a
significant linear decrease of ca. 900 tonneslffresight) year' and several cycles at
19, 29, and 58 years.

Relationships between plankton groups and environment or climate

Only four relationships were significant after gogrrelation analysis between the
prewhitened residuals of plankton and environmesgeks. Copepods in the ocean
were negatively correlated with NA, but after a lag of 2 years (Figure 7a) and
tunicates positively with AMO also after a lag oy@ars (Figure 7b). For the coastal
series, only in A Corufia was NA©Onegatively correlated with tunicates at lag O
(Figure 7¢) and also with medusae, but in this caiskag 2 year (Figure 7d). No
significant correlations were found between anthefplankton series and either SST,
upwelling, or sardine landings at lags from O tged@rs.

Discussion

Phase shiftsin plankton community composition

Our analysis revealed a succession of perioddatively high and low abundance of
gelatinous plankton in both oceanic and coasta¢msatear the NW Iberian Peninsula.
These periods generally span several years, piaricin oceanic waters. Although the
occurrence of blooms of gelatinous organism isumeisual in other areas, only few
studies report similar shifts in the plankton conmityaycomposition (e.g. Molineret

al., 2005, 2008; Boeret al, 2008; Gibbons and Richardson, 2009; Schiétex .,

2010). The persistence of phases for several yeaes, taking into account that most
gelatinous organisms are recorded in low numbeaosiirseries except during blooms,
suggest that the causes are major alterationgeadabsystem. Similar shifts were
reported in other marine communities for otheraagj notably for planktivorous fish
(Lluch-Cotaet al, 1997; Chaveet al, 2003; van der Lingeet al, 2009), but also for
other ecosystem components (Beaugrand, 2004; Hhtin 2009).

There is evidence that the phases of high relatbandance of gelatinous
plankton are not an artefact from the observat@rthe analysis. Even when the
plankton series employed in this study were noigthesl specifically to record
gelatinous plankton, the mean value of abundanserabd and the significant
autocorrelation of the series in each group sugfesthe anomalies indicate relatively
persistent changes in plankton composition (Tahl@He series for medusae, however,
may have been biased because of the small saraplestative to the mean size and
abundance of most jellyfish, particularly in theseaf the CPR series, as the records
only represent surface samples collected througémasmall opening of the sampler
(Richardsoret al, 2006). In this case, our conclusions are onlycetd/e of the largest
potential changes in medusae, which would be recbodly if very abundant.
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Tunicates, however, were better recorded becauak iswividuals and parts of
the colonies remain in most plankton samples elviamge colonies are removed as part
of the standard handling procedures, since moskfma observational programmes
focus on copepods (Mackas and Beaugrand, 2010).d8tct comparison between the
abundance of plankton groups between CPR and tsasies is not feasible because of
the large differences in sampling methods. Sintitgiin trends and cycles among
series were compared instead, as in previous studihis region (Bodet al, 2009).
Shifts between different phases of marine commesmiften mirror similar shifts in
large-scale environmental factors, as illustratgdictuations in sardineSardinops
sagay and anchovyEngraulis ringen¥ populations and climatic conditions in the
Pacific (Chavezt al, 2003). Decadal phases are characteristic oflatieg systems
with gradual variations affecting several composefihis is characteristic of climate-
driven changes, as exemplified by the main clirnadeles as the NAO (Hurrell and
Dickson, 2004), and by large spatial-scale propenif the ocean, as the AMO (Enfield
et al, 2001). Significant autocorrelation and multiannmeales are the key components
of the phase periods of these series, as foundriamalysis (Tables 1 and 3). However,
only long series can adequately detect multidecpldases, as the CPR series, while
shorter phases result in coastal plankton becdubte amaller length of the series. Our
results also show the maximum in medusae frequienitye late 1960s reported in the
pooled series of CPR for all North Atlantic regiphat they did not reflect the later
increase in late 1980s, mainly related to the regshift in the North Sea (Gibbons and
Richardson, 2009). Instead, the F4 series showedrked increase in tunicates during
the late 1980s, thus suggesting latitudinal difiees in the shift of plankton
communities. A similar conclusion was reached wemmparing other CPR series for
both phytoplankton and zooplankton species or gg@¢Richardson and Schoeman,
2004).

Environmental vs. ecological factors explaining gelatinous plankton anomalies
Phase shifts in planktonic communities involvingualies in the proportion of
copepods and gelatinous plankton have been relateoth large-scale (climatic) and
small-scale (local) variability for jellyfish (Materoet al, 2005, 2008) and tunicates
(Lavaniegos and Ohman, 2007). Local variability lgoexplain gelatinous blooms of
short duration in periods when copepods dominatbde in some phases, the
interaction of local variability with climate chaeg would cause the persistence of
periods of high gelatinous plankton abundanceivedb that of copepods for several
years. In our study, the phases of high and lowatoelus plankton abundance occurred
at different times for each series. This would iynglmajor effect of local variability,
particularly in the coastal series that were codld®nly a few kilometres apart. The
small number of significant correlations betweesmnton and climatic series found in
our study, often with lags of several years, wagdport the lower importance of
climate relative to local factors in the structofglankton communities in this region.
Other studies also noted the generally weakerioelstips between plankton and NAO
index values for southern compared to northernsairethe Northeast Atlantic (e.g.
Planqueet al, 2003; Bodeet al, 2009), and this was attributed to the opposite
responses of oceanographic variables to climatenigbetween adjacent regions. For
instance, winter NAO greatly influences wind regiaad upwelling patterns in the
North Sea (Beaugrand, 2004) and North African upmg(Pérezet al, 2010), but in
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Galicia, the summer NAO was instead related toglgnkton biomass and upwelling
intensity.

In addition, the two gelatinous groups considerad tifferent variability
patterns. Besides, there was no significant cdrogldetween these groups for any of
the series analysed (Table 2). One first explanaifdhis variability may be their
clearly different trophic position: predators (meda) or primary consumers (tunicates).
Medusae are likely to be sensitive to multipleiatéions in the foodweb because they
prey on copepods competing with fish and are assitive to local environmental
factors, such as temperature (Molinetal, 2005, 2008; Gibbons and Richardson,
2009; Richardsost al, 2009). This would imply both top—down and bottap—
controls; therefore, medusae would operate as “wasgt” organisms in the foodweb
in a similar way as planktivorous fishes (Cetyal, 2000). Tunicates, in turn, while
also favoured by local factors, such as warming (eavaniegos and Ohman, 2007),
may be less sensitive to top—down controls. Thigin kfficiency when feeding on the
scarce and small cells of picophytoplankton anddvac(Acufia, 2001), such as those
found in oligotrophic waters, suggest that bottomfactors would be the major cause
of their proliferation. In the study region, pelaginicates (as exemplified by
appendicularia) display a seasonal species suocesdated to temperature at the
vertical chlorophyll maximum (Acuiia and Anadén, 2R9This was interpreted as the
interaction of temperature, a metabolic constraith phytoplankton productivity,
which selected the species dominating in each se&stom—-up mechanisms would
control tunicate abundance because these orgahevesa limited capability of
regulating metabolism (Gorslet al, 1987) and do not perform systematic vertical
migrations (Palma, 1986). Top—down effects on tateis are less likely, as only few
consumers are specialized in feeding on these mmar(Harbison, 1998). Therefore,
and despite the similarities in the body adaptatiorboth tunicates (Acuiia, 2001) and
medusae (Acufat al, 2011) leading to feeding advantages in oligotromfater, there
is no evidence that both groups are selected byatree large-scale climatic or
oceanographic conditions.

Tunicates were only partly related to climate. Tdrge increase observed in the
oceanic CPR series in the early 1980s was weaktglaved with AMO, but with after
2 years lag. In the series of A Coruiia, high tueiedundance was related to negative
anomalies in summer NAO conditions, the lattertegldo reduced upwelling and,
therefore, new production in this region (Péseal, 2010). However, our analysis did
not detect significant direct relationships witingeal upwelling intensity or SST in the
area, further supporting the hypothesis that tfectf of the environment on plankton
composition were more important at local than giaeal scales. Positive correlations
between gelatinous groups and copepods variedypbal all groups, except medusae
in the first part of the CPR series, showed sigaiit increasing trends in at least some
of the series. These increases coincided with aimpisitive trends in SST and reduced
upwelling, which would imply reduced levels of newoduction (Péreet al, 2010).
However,in situ measurements indicate a significant increaseimgyy production
(Bodeet al, 2011) and changes in the composition of phytdgantowards higher
abundance of small cells at coastal sites (Hueteg@et al, 2010). The observed
changes suggest an increased prevalence of mitfobawebs, which would favour
gelatinous plankton, as shown for jellyfish in tirthwest Mediterranean (Molineeb
al., 2005, 2008).
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In contrast to tunicates, medusae series werereldted to climate in A
Corufia; only in Vigo were they significantly comidd (but positively) with copepods
(Table 2). This result differs from those reportedthe nearby Irish Sea, where
jellyfish increases after the 1990s were relatedlitpate and overfishing (Lynaset al,
2011), which suggests that factors other than ¢érage more influential in their
abundance patterns in Galician waters. Other stuadg® revealed a weak relationship
between jellyfish and climate for most areas inNogtheast Atlantic (Gibbons and
Richardson, 2009). Release of competition with lgi@orous fishes has been invoked
to explain medusae outbursts in the Benguela Upwe(Bakun and Weeks, 2006), but
in our study area, there was no clear relationsbtgeen decreasing sardine
populations and a consistent increase in medusaegever, the increase in both
copepods and medusae in Vigo in recent years méyeist sign of a local change in
plankton structure caused by the decrease in plamius fish. A negative correlation
between copepods and medusae would be expecteel futtire if sardine populations
continue decreasing, as reflected in the fishetg €ES, 2011). Direct introduction of
medusae, as described for other seas (e.g. Ridmetlal, 2009) has not been
performed in our study area, although the accidamti@duction by ballast water
cannot be discarded because of the intense shippingty in this region.
Eutrophication was also invoked as a factor favayjellyfish dominance (Mills, 1995;
Purcellet al, 2001), but there are no signs of eutrophicatmocoastal Galician waters
in recent years (Nogueied al, 1998; Péreet al, 2010; Bodeet al, 2011). Finally, the
increasing availability of solid substrates in dadwaters (e.g. by oil rigs, new harbour
developments, aquaculture facilities) may facéitegproduction by providing new
habitats for the benthic phase (polyps) of med(Bagés, 2001; Let al, 2008).
Cnidarian polyps were not reported in significanters as part of the rich epifauna
associated with musseélftilus edulig rafts used extensively in Galicia (Lopez-Jamar
et al, 1984), but there are no data on the presencelgbipin other man-made
structures.

Our analysis showed that gelatinous organismspadfih always present in
Galician waters, showed mostly short time-scaléwnsts that may lead to multiannual
periods of increased dominance. These periods matrebviously related to large-scale
climatic or oceanographic fluctuations; insteae, $eries analysed were indicative of
large local variability. Interaction between envineental and trophic factors at local
scales is likely the cause of occasional dominafigelatinous plankton in this
upwelling ecosystem, characteristically adaptefeiquent environmental disturbance.
The different temporal variability pattern displayey tunicates and medusae may be
explained by their different trophic position, affieg their sensitivity to bottom—up vs.
top—down control. Although, specific effects ofadit anthropogenic influence on the
abundance of gelatinous organisms in this regiomaibe discarded, our results are in
line with current reviews of gelatinous planktomighility in different environments,
stressing the importance of local interactions ghiliestioning the validity of general
effects of large-scale climate fluctuations (Hadd&@908; Richardsoat al, 2009;

Lilley et al, 2011; Condort al, 2012).
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Table 1. Results of decomposition of monthly time-seriethef abundance of plankton groups (X) accordingpéomodel: X =X + bt + a

+ 2 A cos [(2rtt/ T) + 6] + @ + &. Only significant variance components were considg<0.05).X: mean, b: linear trend, a: intercept,

Ti: period (months), Aamplitude§;: phase, L: lag (monthsj: autocorrelation coefficient, %Wov,, %V, and %vqa: percent variance

accounted by linear regression, periodic componeantecorrelation or all model terms, respectivetyprewhitened residuals.

Serieg/period Group X b a % V; T; A 0; %V, L (0] %V, % Vigtal
F4-CPR Medusae 0.003 —0.0002 0.35 195 --- 1.95
1958-1986 Tunicates 0.54 0.0310 -61.18 18.80 348 0.25 6.10 573 --- 24.53
Copepods 2.08 - 12 0.53 3.10 4190 1 -0.17 1.67 51.12
6 0.23  2.47 7.56
F4-CPR Medusae 0.002 0.0009 -1.87 3.47 - 3.47
1997-2006 Tunicates 0.75 1 -0.21 4.42 4.42
Copepods 1.96 12 0.56 3.02 32.82 32.82
Vigo Medusae 1.473 0.0589 -117.83 493 11 0.54 4.06 15.56 1 -0.23 3.26 44.18
10 0.48 1.10 12.30
12 0.46 4.24 11.39
1994-2006 Tunicates 0.33 - e e e e e 1 -0.37 13.48 13.48
Copepods 2.91 0.04 -89.5 10.56 11 0.26 4.75 12.59 1 -0.29 6.61 29.75
A Coruia Medusae 0.881 —0.0345 68.95 446 10 0.33 5.15 9.01 1 -0.62 30.43 52.24
11 0.32 0.19 8.33
1989-2006 Tunicates 1.20 - 11 0.37 0.22 12.37 1 -0.23 4.02 26.99
10 0.34 0.22 10.59
Copepods 3.03 e e e 10 0.25 5.05 1820 1 -0.34 9.53 27.73
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Table 2. Pearson correlations between prewhitened residfithe series of mean
annual values of abundance of zooplankton grougs<0.05, ***: p<0.001.

Copepodsvs.  Copepodsvs. Medusaevs.

Series M edusae tunicates tunicates
F4-CPR 0.205 0.205 0.091
Vigo 0.796 **% 0.408 * 0.574
A Corufia 0.166 0.636  ** -0.140
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589 Table 3. Results of decomposition of annually averaged-semes of climatic and oceanographic variablesafater values and model
590 asin Table 1. Only significanp€0.05) components were listed. AMO: Atlantic Muéihdal Oscillation. NAE and NAQa: North
591 Atlantic Oscillation averaged from December to Meaand from June to August, respectively. g and SSTs: sea surface temperature

592 averaged from October to March and from April t@teenber, respectively. L4: Upwelling Index averaged from April to September.
593 The period considered for all series was 1960-2007.

594
Series/period X b a % V; T; A 0 %V, L (0] %V, YViga
AMO -0.03 0.01 -12.25 20.47 48 0.16 0.15 45.72 1 -0.35 3.65 69.84
NAOpy 0.07 0.03 -50.86 33.28 --- 1 -0.36 9.58 42.86
NAQO;, 0.06
SSTom 14.73 0.02 -35.66 39.51 --- 39.51
SSTas 16.53 0.02 -37.79 3211 46 0.28 0.20 33.09 --- 65.20
Ulas 286.34 —-6.05 12 016.03 21.70  --- 21.70

595
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Figure captions

Figure 1. Map of study area with location of coastal timeesestations (stars) and
CPR standard area F4.

Figure 2. Variability of the abundance of medusae (a), tatas (b), and copepods (c)
in F4-CPR time-series. Abundance scale units dative frequency (medusae) or
number m? (tunicates and copepods).

Figure 3. Variability of the abundance (nf of medusae (a, b), tunicates (c, d), and
copepods (e, f) in the coastal time-series of \dgd A Corufa.

Figure 4. Shifts between phases of relative dominance oépogs (red) or gelatinous
plankton (blue) in the F4-CPR (a), Vigo (b), anc€CArufia (c) monthly time-series. RIS
values were computed as the difference betweerpoop@nd gelatinous plankton
abundance series after detrending and standaahz&inal RIS series were smoothed
with a running mean of 12 months.

Figure 5. Shifts between phases of relative high (red) ar(lolue) values in the
Atlantic Multidecal Oscillation (AMO, a), North Adhtic Oscillation (NAO, b), sea
surface temperature (SST, ¢), and Upwelling Indi#x €¢) monthly time-series. The
series were detrended, standardized, and smootitted winning mean of 12 months.

Figure 6. Decrease in annual biomass of sardine landindg§*((onnes fresh weight) in
the study region (ICES Divisions Vllic and IXahd line shows the linear trend
(p<0.001).

Figure 7. Crosscorrelation between mean annual values okfga group abundance
and selected climatic series. (a) NAR winter North Atlantic Oscillation averaged
between December and March. (b) AMO: Atlantic Migttadal Oscillation. (c and d)
NAO;a: summer North Atlantic Oscillation averaged betwdane and August. The
dotted lines indicate the 95% confidence interval.
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