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ICe".....: modellinli ec:osystems; eutropbic:adon¡ coa.tl. lalOOn.; Canary ¡I1Ind.

....mme canie4 out in Mupalomu; funher detail
concerniDa samplina protocoll aod resulta can be
Couad in Almunia (1998).

The study employed network aaalyais on the eco­
system to reveal several oC itl propertiea, suc:h u itl
suuetun1 complexit)', CYClina bebaviour and tropbic
relationabips amona compartmentl oC che ')'Item.
Thia type ofanal)'lÍJ uses available elata lO quantify me
material and ener¡etic interaetioDl witbin the c::om­
munity, whidl are believe to c:ondition the telf..
orpnizina and self-reaulatin¡ behaviour ofme aystem
(Odum, 1971; Ulanowicz, 1986; .UlaDowicz &
Norden. 1990). From a praclical lCaDdpoint, me
separation into clisánct compoMlltl aUowa an inveati­
ptor lO focus on a .panicular NCIioD 01 the nerwork
andlO identify che key procal" .CODtrol1in¡ the
functioniAa of. the overa11 I)'Ilem (lJIanowicz &
NoMen, 1990).

Self-orpniladon oC ec:OlyatCIDS ¡enerally occurs
oYer ID iDceaval of decades but che chan.es addrcssed
in mis WÓI'k uanaplre over me span of a sin¡le year.

RlUiwd 22 !U"e 1998 a"d accepud i" I'ftJisId form 8 F,,,,.,,,.ry 1999

Benthic-Pelagic. Switching in a Coastal Subtropical
Lagoon

Tbe StrUCtUJ'e of lbe ecosystem ftuxes occwrina in the MIIpalOlUl coutallalOOn (Canay blands) were investipted for
rbree lucc:eslive auael usin¡ ntimatn of the food webl cbat QPIty each intervalo The fint ltaae was reprnentative of a
bendUc: produc:er-dominated .ystcm ancI the third typifted a pellFc-dominated Iystem. The Iec:ond phue was taken as
the tranlient staae between these cndpointa.Thc staDdiaa ltOdlI and 6uxes peruinins to eaeh companment and lbe
overaU trophic: .true:ture of me .ystem were quaadled •• DIlWOrk model. Thi. food web budaet wa. lubjec:ted 10
netWOrk analysis to alIaS the ltatuS of me 'JItan al ........ Thc enauinl uophic: analysis indicated mat detritivory
inc:reuet in pI..ins ftom me ftnt 10 me thFd .cap CntKt ofdeaidM)' 10 berbivory 13'19, 7'" and 20·32 respec:tively)
and there i. a c:onc:omitant drop iD 1be averqe uophic eftIQeDcy. Cycle analyaia revealed an inerelse in the amount of
matter beinl c:ycled durinl me dúrd ltaae (percentaICI oC c:yded matter 17'7%, 22'6% and 41'8% respec:tively), mostly
via abon, fast IOOpa,.whidl.• s......t mat the third •• is representative ollft immature ec:osystem. FinaUy, lbe anllysls
of topoloaic:al .Y' a clnmatic increase in orpnization durina tite Ia.t ltate, due primarily to lbe
inftatlon oC lbe total .,.. (TST). PftIIIl a ¡lobaJ point of view, resulta show a .ipificant dec:line in lbe
beGtbic lubsystem, wIIk:b a.jor~ _11M CCOIystan and renden it vulDtnble to che lubsequent
iIlvalion by pel" ~~ tia che dIird ... may·1CCm typlc:al of a eutrophic Iystan, no
appreciable resour*·II'e·beiaI...·10che.,.....1M 0UIIide."..,., dae' procela la more accuntely dncribed
u I shift in resourc:es ftom one subl,... (che baachic) 10 ...... (me pelqic). e 1999 Ac:ademic Pras
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~o~ lalOOn ÍJ a amal1 .ubuopical couta!
laaoon _l iI sub;ec:t to periodical an~ crisa
(Almunia. 1998). The Iystem il repreaeatative oí
aballow e1JtIq)bi~ IqooDl chancterized by hi¡h
tbrou¡hpur ~. AIld U a conaequence, .trUctural
chiapa bccQ_ evidenl over relaóvely abon perioda
oí time (weeb) (Uináa " al., 1986; Báatem:txea &
Van Lcanina, 199'). Ippull to die ayscem~ rapid1y
tranaferred and diaa~_ amq itl componentl,
reaultina in dramatic dwaaea·in the .uuccure aDd
funetion ofthe ec:oaYlt~m (Almímil,1998). One way
oí proYidin¡ inlilbt into che ~~enta1 ltI'UCtUl'e
and behaviour oC an ecoayateaa ÍI.,to meuure che
ener¡y and material fluxes takiDa place wichin che
system and to estimare me eftic:ienciea of .tnDÚer
amona the dift'erent companmcntl (Lonlbunc. 1984;
Ulanowicz & Plan, 1985; Ulanowicz, 1986; Baird
" al., 1991. Baird & Ulanowicz, 1993). AecoMinalY.
these talka became the priorióel fOl a mearch pro-

Ia.....~doa
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Plouu 1. LocadoD of MupIIom•• Iqoon.
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The • Charca de Maspalomas • (Fi¡ure 1) il a amall ¡
(c. 3,5 ha), shallow 1-2 m subtropical coaltallalOOn, ~

located on me soumem coast of Gran Canaria ~

(Canary blanda). The laaoon is me result of ¡round- "
water water seepa¡e from me landward side and
iDfiItrations of seawater mrou¡h me sand bar. The
water temperature in me lalOOn ranan from 30 ·C in
Iwnmer to 15 ·C in winter. Durina heavy rainl, water
runa mrou¡h me arroyo, producina very rapid
inc:reases in water level. Altematiyely, seawater can
enter me lalOon durina sprin¡ lidel or durina stonn
IUfles, mereby repletin¡ me existiD¡ filh communi­
ties, composed mainly of Liza aura"', Diclmrtmhus
ptmtf4tIU Ind DipIodus sargus (T. Moreno, 1997).
Althou¡h ditf'erent speaes of coastal and inland birds
inhabit me proximity of me laloon (wadinl birdl,
ducks, etc.), me most representatiye species of.
waterf'owl is me moorhen (GaUi"uIa chloropau).

The bottom of me lllOOn is muddy, wim me
exception of me lOumem end, where IInd from
me nelrby beach and dune tields dominates. The

N

t

Thus, it would be more appropriate to refer to any
orpnizational behaviour as self-reauJation, ratber ,
than self-orpnization. The differences between me
dynamics of self-oraanization and self-relUlation are
discussed in lOme detlil in Gafiychuk and Ulanowia
(1996) and ,Ulanowicz (in presa). Whereas self­
orpnization evolves over lonaer times and is mediated
primarily by positive feedbacb, tbe much more rapid
phenomenon of self-regulation involves mOltly nep­
tive feedback responses by me system. Neverthelesl, it
remains a Uleful exercise to focuI upon corretpond­
ences in me overall stNeture and function of tbe
intra-armual Itqa of me system (Marplef, 1982),
utilizin. me 181fte Iystem-Ievel indices mat haye
proven useful Ior· interpretina system chanaes over
lonpr periodl (e.a. U1anowicz, 1984).

The aim of mis work is to concepNalize, quanti!y
and anllyse me trophic schematic of me ecOlystem of
Maspalomal laaoon at mree different sta¡es of itl
transition from a benthic-dominated Iystem, wim a
low, stlble pelqic biomals, to I hi¡hly-variable
pela¡ic-dominated conti¡uration, from which benmic
producen have vinually disappelred.



phaneropm Ruppia maritiJfUJ and the alpe Clt:Jdo­
plum¡ sp. and ChtJN IloInúGris (episodicaUy), dominate
the muddy bedl. The few sandy areas are prac:tical1y
free oí bonom veaetation. Al R. mtJritiJfUJ is the major
benthic producer in Maspalomu laioon, its liíe cycle
drives tbe major ecolystem chanaes. Ruppia m"riliJM
bqinl arowiaa in early sprma, reachina its maximum
density in mid-Iummer and tben decreases rapidly at
the end oí lummer. The laJOOn sutrers from recurrent
anoxie erises durina the iDtervals when R. m"ririma
is not visible, probably due to the lack oC wind
mixing in eombination with high rates oC eommunit)'
respiration. Durina hypoxie events water be<:omes
extremely turbid, sharply cunaUing ligbt penetradon
to the bonom and promotina benthic algal deeay. At
mese times R. ",tlrili",a is reauiaed to me shallowest
marains oí the lalOOn (Almunia, 1998).

Al hypoxie conditions are related to the disappear­
anee of me pbanerogam, it was decided to study the
ehanaes induced in the ecosystem by the aMual dieoff
oC R. ",,,riJima. For me purposes oí this study, three
sta¡es have been seleeted when me M8spalomas
lagoon ecosystem occun an ecosystem with (1) low
dissolved nuuienu, lowphytoplankton standing
stOCD, well-developed bonom alpe and low water
turbidity, (2) a transient stase wim diminished
benthic production and a buraeoninl planlaon com­
munity and finally (3) a eommunit)' without benthie
producen, but wim hiah dislOlved nuuienu and a
high deDlity ofphytoplankton; all representative ofthe
.noxic conditions leading to fish kills.

Badmatea, methoc:ls and auwnpdonl

A carbon ftow model was eonsttueted Cor eaeh oC the
sta¡es described aboye (Figure 2, 3 and 4). In order to
estimate tbe netWork model one needs me m.gnitude
oí biomus in eaeh component, as well as the intensi­
ties oí ftows between companmenu and exchange5
between me Iystem and itl surroundings. Standing
stocb are expresaed in mg C m - :2 and flows between
me companmentl in me e m - 2 d - l. 'Due to a laek oí
historieal studies on Maspalomas, the mall'liNdes of
standing stOCD oí living and non-Iivin. eonstituents
required by me model(Table 1) had tO be obtained in
most cases by direct meuurement.

The food web is eomprised oí 17 c:ompanments (14
in the third stase, due tO me disappearanc:e oí benthie
primary producen), ineluding three non-living con­
stituents. Livinl compamnents were c:hosen tO be
resolved .. dosely to me speciea leve! as available
data and sampling Itntegy would allow (Baird &
Ulanowic:z, 1989). Of COUfSe, identificadon to me

speeiel level occurred main1y at the higher levels of the
network.

C&rbon bud¡ets were eonsttucted for each
eompartment aceordin. to me balance:

C=P+R+B+&

where C=c::onsumption, P=production, R=
telpiratíon, B=eaestion and Bx=exeretion or exuda­
don (Crisp, 1971; Baird & Ulanowicz, 1989). Exuda­
rion by primary producen wal eonaidered to be me
laraest source of diasolved ofllDie earbon (DOC)
(Valiela, 1984; Baird & Ulanowiez, 1993).

The .ttucNreS oí trophic levels and cyeling Cor each
network were analysed and system properties wcre
ealeulated usin¡ alaorimms descríbed by Ulanowicz
(1983, 1986a) and Kay " al. (1989). Briefty, the
relationships between any arbitrary pair oC com­
ponents are assessed by me total tlow calculation
predicated on me Leontieí invene (Leontief, 1936;
19S1) as applied to eeologieal systems (Hannon,
1973; Szynner " UJanowiez, 1987). This analysis
and me ones mat follow, all require the input oC
biomassel to eaeh eompanment, me inputS Crom and
outputs to the surroundings, an estimation of me
ener¡y diuipation (respiration) by each component,
and me 'matrix oí tlUXe5 between me compartmentl
themselves.

The INdy ia comprised oí cour ditrerent analyses:

(J) The input-outpUt analysis (lOA) (Hannon,
1973), whic::h mealures me importanee oC eaeh
particular entity and me bilateral influenees that
each pair of taxi have on eaeh omer. It is in mis
section ofme aJ¡orithm mat me total contribution
coefficient (TCC) and the total dependency
eoeffieient (TOC) are ealcul.ted for eaeh com­
pamnent (Szyrmer & Ulanowiez, 1987). The
TCC il the fraaion oC what leaves compartment i
mat eventually el)ters compartment j, and me
TOC is me fraetion oC the total ingestion by j
whieh paued througb compartment i along its
way tojo

(2) A second anaJysis interprets me network accord­
ing to me trophic eoncepts oí Lindeman (J 942»,
but without relegating eaeh lfOuP to a unique
trophic level (Ulanowiez & Kemp, 1979; Levine,
1980. Ul8aowicz, 1995). Rather, eaeh tlxon is
apponioDed amona. a series of ·intepr trophic
leveJs aCCOIdina to howmuch raches me laXon in
queslioD over,pathwaysofditrerent len¡thl. Using
chis puúcioaina, ID equivalent Itrai¡ht chain oC
uophic tnDIfen can be a..embled and used to
aacktbe trophic Itatus oí the eeosystem as it
chanaet.
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(3) A third segment oí the algorithm enumerates the
biogeochemical cycles and outlines me complex­
ity of cycling in the system in tenns oí the number
and length of cycles and the percentage of total
system activity devoted to cycling matter (Finn,
1976). A high fraction oí cycled flow could indi­
cate a mature and less disturbed system (Odum,
1969), if the matter is cycling through long-slow

cycles, bUI if the maner is circulating rapidly
around short loops, a high fraction could be
indicative of a stressed ecosystem (Ulanowicz,
1984).

(4) Finally, the topoloaical str\lcture of the network
(Hirata & Ulanowicz, 1984; Ulanowicz, 1986;
Ulanowicz & Norden, 1990) is quantified by
severaI indices: ascendency (Ulanowicz, 19860)
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FIGURE 3. Enel'lY ftow nerwork for Itaae 2 (symbols as in Fi¡ure 2).

measures in a single index bom the syatem size
and me organization inherent in its ftow Itrueture.
Development eapacity (Rutled¡e " al., 1976;
Vlanowicz, 1986a) is an upper bound on me
ascendency, Le. a measure ofme network's poten­
tial for competitive advantale over omer virtual
network confiaurations. Overhead (Ulanowicz &
Norden, 1990) is the ditrerence between me
magnitudes of me realized struetute and its upper

boundary. Whereas ascendency gaules me per­
fonnanee of a syatem in tenns of how efticiently
and wim what definitiveness tranafen are made,
che overhead is eomplementary in chat it quanti­
fies how inefficiently and with what ambiguity me
syatem is aedng, on averale. Redundaneies or
paraUel ftows in me impons, expons, dissipations
and internal exehanles all eontribute to me total
overhead.
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FIGURE 4. Energy fiow network for stale 3 (symbols as in Figure 2).
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Because che network was constructed primarily wich
direct measurements and supplemeOled wich data
from che literature, che final network was slightly
unbalanced (by about 10% of total system through­
put.) Final balance was achieved using the automated
balancing routine, DATBAL (Ulanowicz, 1996).
Since differences in the analyses carried out with
NETWR.K (Ulanowicz & Kay, 1991) for balanced

and unbalanced data were minimal, the complete
analysis was based on unbalanced data.

Phytoplankton

Phytoplankton was divided iOlo two compartments,
picoplankton «2~m) and phytoplankton (>2~m).

80th are grazed by microzooplankton, but



Benthic-pe1apc awitcblng 369

TABLI! l. Model data sourees

Companment

Pelagic primary producers

Benthic primary producers

Pelagic bacteria

Microzooplankton

Mesozooplankton

Benthic microfauna
Benthic deposit feeders

Fish

Waterfowl

DOC
Suspended POC

Sedimented POC

Parameter

Biomass
Production
Respiration
Exudation
Death
Biomass

Production

Respiration and Exudation
Biomass
Assimilation
Respiration
Biomass
Grazing on phytoplankton,
grazing on bacteria,
respiration and excretion
Biomass
Grazing,
respiration and excretion
Biomass and respiration
Biomass
Assimilation, respiration and excretion
Biomass
Diet, consumption and Assimilation
Respiration, excretion and egestion
Biomass
Diet
Respiration, excretion and egestion
Concentration
Concentration
Sedimentation and aggregation
Concentration

Source

Measurements of chlorophyl1
% of net planktonic production (02 method)
% of planktonic respiration (02 method)
Baird and Ulanowicz (1989)
Jorgensen el al. (1991)
Oirect observations and Edwards (1978), Verhoeven
(1980), Harrison (1982), Flores-Verdugo el al.
(1988) and Betancort (1993)
Congdon el al (1979), Pentecost (1984), Evans el al.
(1986) and Menendez and Peñuelas (1993)
Edwards (1978)
Bacteria counts (epiftuorescence)
Calculated from planktonic respiration data
Hobbie and Williams (1984)
Oirect counts (epiftuorescence)

Fenchel (1982)
Ory weight and CHN
Margalef (1983), Hobbie and Williams (1984) and
Jorgensen el al. (1991)
Margalef (1983
Ory weight and CHN
Moreno (1996)
Fresh weight
Moreno (1996)
Moreno (1996) and Wootton (1992)
Census
Direct observarlon
Gibbons (1989)
Total organic caebon analyzer measurements
CHN measurements
Peterson (1984)
CHN measurements

phytoplankton can .1so be eaten by mesozooplankton.
PhytoplanKton chlorophyll was determined fluoro­
metrically (Holm-Hansen ee al., 1965) in a Tumer
Designs fluorometer that was calibrated with pure
chlorophyll a. Triplicate samples were taken from the
centre ofthe 1agoon and subsamples were tiltered onto
Whatman GFIF filten (assumed to retain the total
phytoplankton biomass) and onto Nuc1epore 21!m
pore size polycarbonate tilten. The fraction <21!m
was estimated by difference between the two measure­
ments. A wide range oC carbon to chlorophyll ratios
(25 to 145) can be found in the Hterature (Strickland,
1960; Antia el al., 1963; Panons el al., 1984;
Jorgensen el al., 1991) to estimate the biomass in
carbon units from chlorophyll measurements. The 30
carbon/chlorophyll ratio suggested by Strickland
(1960) was used, because it was closer to the values
reported for healthy, actively growing phytoplankton.

Phytoplankton primary production was estimated
by the differences in oxygen measurements taken in
Iight and 'dark bottles, respectively. Six Iight and six
dark botrles were incubated in SilU at approximately
0'5 m depth from dawn to noon. The oxygen in each
botde was measured by an automated microwinkler
titrator (Williams & ]enkinson, 1982); the coefficient
of variation on the measures were always below 1IX..
Due to the lack of fractionated production measure­
ments, estimates were divided up proportionally
berween the two phytoplankton compartments.
Photosynthetic quotients (PQs) in the literature range
from 1·1 to 1·3 (Panons el al., 1984). A PQ oC 1·2 was
used in this study to convert oxygen into carbono

Literature on phytoplankton exudation showed
values anywhere from 0·2 to 62% (Valiela, 1984;
Baird & Ulanowicz, 1989; ]orgensen el al., 1991) oC
primary production. The index was assumed to be
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25% of primary production (Baird & Ulanowicz,
1989). The flux ofphytoplankton to suspended detri­
tus was calculated assuming a mean death rate equal
to 9·6% of primary production Gorgensen et al.,
1991).

Benchic pn'mary producers

Benthic primary producers are composed mainly
of the phanerogam R. man'tima and the algae C.
globularis and Cladophora sp. Ruppia maritima is grazed
by amphipods (Verhoeven, 1980b), moorhens and
some fishes (as deduced from stomach contents.)
The algae were considered to be grazed only by
herbivorous fishes,

To calculate the amount of R. maritima carbon per
square metre, the percentage of area covered by the
plant at each stage was estimated, and applied density
values for Ruppia sp. in different reservoirs, as found
in the literature (Edwards, 1978; Verhoeven, 1980b;
Harrison, 1982; Flores-Verdugo et al., 1988). Corre­
sponding literature values were also used to calculate
production (Congdon & McComb, 1979; Evans el al.,
1986; Menendez & Peñuelas, 1993), respiration and
exudation (Edwards, 1978).

The same procedure was used to calculate algal
biomass (Patronato de la Charca de Maspalomas,
1993), production, respiration (Pentecost, 1984) and
exudation (25°;', oC primary production, as in phyto­
plankton and R. man'n'ma) for each stage.

Bacten'a

Bacteria were assumed to be free-living heterotrophs
suspended in the water column that use DOC and
POC as their Cood source. They are grazed mainly
by microzooplankton and occasionally by mesozoo­
plankton.

Bacterial biomass was estimated by acridiñe orange
staining and epifluorescence counts (Poner & Feig,
1980). A conversion factor of 2 x 10 - 14 g C cell - I

(Baird & Ulanowicz, 1989; Ballesteros, 1994) was
used to estimate carbon biomass.

Although bacterial assimilation was not able to be
measured directly, we were aware ofthe imponance oC
estimating this parameter accurately. Therefore,
planktonic respiration was calculated first, using meta­
boHc coefficients Crom the Hterature. Then assimila­
tion values were calculated that yielded figures for
overall respiration equal to the pelagic respiration as
measured in each phase using the dark botde method.

We used ratios taken from the literature to calculate
respiration, excretion and death of pelagic bacteria
(Hobbie & Williams, 1984).

Respiration values by benthic bacteria were esti­
mated from literature data for eutrophic lakes
(Margalef, 1983) and were assigned to the poe
compartment under the assumption that, from a
trophic point of view, it is not necessary to distinguish
between POC and bacterial carbono

Microzooplankton (heterotrophic flagellates and Clliates)

The microzooplankton compartment represents the
heterotrophic flagellates, which graze on pelagic
bacteria and phytoplankton < 21lm and are eaten by
mesozooplankton.

Microzooplankron biomass was estimated by direct
epifluorescence counts oC heterorrophic flagellates
after proflavine staining (Haas, 1982). Ratios for
converting cells to carbon and rates oC respiration and
excretion were estimated from the Iiterature (Fenchel,
1982).

Experiments with microzooplankton grazing on
nutrient-enriched natural phytoplankton were carried
out as in Landry and Hasset (1982). The grazing rate ~

estimated in this manner was used as a maximum ~

potential value, against which to check if microzoo-i
plankton were able to crop the existing production ~

figures for phytoplankton and bacteria. I
~

Mesozooplankton

The mesozooplankton compartment represents
planktonic organisms > 100 Ilm. In the second stage
these consisted mainly oC copepods and in the third
stage, rotifers. Mesozooplankton were assumed to
graze on phytoplankton >2 \!m, microzooplankton
and suspended POe. Due to the absence of any
benthic plankton Ceeders or planktivorous fishes, it
was considered that the mesozooplankton biomass
ftows primarily to the sediment POC and only a small
amount is grazed by L. aurata.

Mesozooplankton were sampled by horizontal hauls
of a WP2 (UNESCO 1968) 100 Ilm net. Biomass was
estimated as dry weight (Lovegrove, 1966), using a
40% dry weight to carbon ratio, obtained from a
CHN analysis oC the dry biomass.

Grazing on phytoplankton was calculated under the
same assumptions that were applied to microzoo­
plankton and metabolic rates were taken from the
Iiterature (MargaleC, 1983; Hobbie & Williams, 1984;
Jorgensen, 1991).

Benthic deposit feeder"

During each stagc several sediment samples
(1000 cm 3) were Cract!onated through 1000, 500 and



100 J.lm sieves. The results revealed that, as regards
trophic habits, benthic organisms can be separated
into either benthic deposit feeders (mainly worms and
sorne chironomids) or herbivores (amphipods).

Benthic deposit feeders were separated from the
sample and their dry weight was determined as in
Lovegrove (1966). Biomass as carbon was calculated
using an assumed carbon to dry weight ratio of 40%.
Ingestion, respiration, excretion and death were cal­
culated using indices from the literature (Moreno,
1996).

Amphipods

Amphipods have been frequently observed grazing on
Ruppia sp. stands (Verhoeven, 1980; Menendez &
Comín, 1990), so it was assumed that amphipods in
Maspalomas graze exclusive1y on R. maritima and
detritus, and that they are eaten by a1l predators that
either graze on R. maritima or feed on detritus.
Although epiphytic algae may also be pan oC the
amphipods' diet, this item has not been considered in
the presem model. Amphipod biomass was calculated
as for che benchic deposit feeders and che amounts of
macrophytes consumed by animal populations in dif­
ferent seasons were taken from literature (Menendez
& Comin, 1990).

Fish

The fish species found in Maspalomas exhibit differ­
ent feeding behaviour. Liza aurala feed principally
on detritus, however, mosquito larvae, benthic
organisms and algae are also included in their dieto
Diplodus sargus is an herbivorous fish feeding on the
existing algal communities. Fina1ly, D. punctatus is a
camivorous feeder with a high assimilation rate
(Moreno, 1996).

Fish biomasses were calculated using abundance
data from systematic samplings (Moreno, 1996),
and carbon to freshweight indices from the literature
(Parsons el al., 1984). Diets were deterrnined from an
analysis of stomach contents, in conjunction with
consumption ro biomass indices taken from the litera­
ture (L. aurata: 5%, D. punctatus: 0'5%; and D. sargus:
2,75%; Woonon, 1992; Moreno, 1996). Indices from
the literature also were used to calculate production,
respiration, excretion and egestion for each species
(Wootton, 1992).

Gallinula chloropus

The Viceconsejeria de Medio Ambiente carricd out
visual censuses of waterfowl during recent years
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(R. Gallo, pers. comm.). Whereas other populatlons
oC waterfowl use Maspalomas opportunistically, G.
ch/oropus appears tO use this aquatic ecosystem as its
primary habitat.

Unfonunately, due to the laws protecting the
waterfowl, no stomach content analysis could be
undertaken. The Moorhen's diet was assumed from
observations on its behaviour made during each
stage. Anatomic and metabolic parameters from the
literature were also used (Gibbons, 1989).

POC and DOC

Both forrns of organic carbon result from excretion,
Iysis and monality or organisms, and become available
tO bacteria. Suspended POC can be filtered by meso­
zooplankton (no benthic filter-feeders were found in
che ecosystem), whereas sedimented POC is ingested
by benthic deposit feeders, fishes and moorhens.

Water samples oC from 50 to 200 mi were filtered
onto Whatman GF/F filters, acidified and stored
Crozen until measured in a Perkin-Elmer CHN
Analyzer to calculate tbe suspended poe concen­
tration. Phytoplanktonic carbon was subtracted from
the result to calculate the concentration of detrital
carbono poe concentrations in the first 5 cm of
sediment (Baird & Ulanowicz, 1989) were measured
from several sediment samples taken from the muddy
and sandy areas of the pondo

DOC concentrations were measured in a Shimadzu
TOC Analyzer añer acidification of the sample
(UNESCO, 1994). Literature data were used to cal­
culate POC sedimentation and DOC aggregatíon
rates (Peterson, 1984).

Results

The total contribution coefficients (TCC) for each
compartment do not show marked differences over
the three stages (Table 2). The most relevant changes
are the increments from first to second stage in almost
a11 the contribution coefficients from pelagic bacteria,
and in those from the benthic deposit feeders during
the third. The total dependency coefficient (TOC)
indicates overall decreased dependency on the benthic
producers in successive stages (Table 3). This effect
is compensated by corresponding increases in the
dependencies on detritus. Both effects are ro be
expected from the observed development of the eco­
system; as benthic producers disappear, organisms are
forced to change their diets and contributions from
the detrital pool increase as a result.

The diagonal elements of the total dependency
matrix indicate the amounts by which cach species is
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TULE 2. Total eonaibution eoefficients (TCC) matrix TUL! 3. Total dependency eoefficients (TOC) manix
(percenuge). Companments are indicated by their number (percenuge). Companments are indicated by their number

Suge 1 Suge 1

6 7 8 9 10 11 12 13 14 15 16 17 6 7 8 9 lO 11 12 13 14 15 16 17

I 12 55 23 7 O I O O O 35 21 23 1 1 12 10 O O O O O O 1 5 O
2 I1 27 35 7 O 1 O O O 32 21 25 2 I 4 lO O O O O O O I 3 O
3 8 3 1 6 3 I O O O 25 3 21 3 90 77 65 15 99 31 39 15 lOO 91 65 15
4 8 3 I lO O 4 I O O 25 3 33 4 5 4 4 1 O 5 8 I O 5 4 1
5 8 3 I 16 O 6 3 O O 25 3 55 5 1 I I I O 2 8 I O I 1 I
6 8 40 17 5 O I O O O 25 17 18 6 8 85 70 1 O 1 I 1 O 8 36 I
7 8 3 42 9 O 1 O O O 21 27 31 7 4 3 82 I O 1 O 1 O 3 27 1
8 6 2 1 12 O 3 O O O 14 27 39 8 1 1 I 1 O 1 O 1 O 1 14 1
9 O O O 20 O 3 1 O O O O 67 9 O O O 20 O 24 42 73 O O O 20

10 O O O 18 O 20 O O I 2 O 61 10 O O O I O 14 8 1 1i O O I
11 3 1 O 17 O 1 O O O 8 1 58 11 1 1 I 2 O 1 1 2 O 1 1 2
12 3 1 O 12 O 1 O O O 8 I 39 12 O O O O O O O O O O O O
13 1 O O 9 O I O O O 3 O 30 13 O O O O O O O O O O O O
14 3 1 O 18 O 1 O O O 8 1 59 14 O O O O O O O O O O O O
15 31 12 5 3 O O O O O 8 II 11 15 99 85 71 2 O 2 1 2 O 8 72 2
16 6 2 3 28 O 2 O O O 2 I 95 16 3 2 5 3 O 2 1 3 O O I 3
17 O O O 30 O 2 O O O O O 21 17 I 1 I 100 O 74 54 lOO O I I 21

Stage 2 Stage 2

6 7 8 9 lO 11 12 13 14 15 16 17 6 7 8 9 lO II 12 13 14 15 16 17

I 31 55 24 3 4 I O O O 35 24 30 1 14 36 30 3 3 3 2 3 3 13 25 3
2 30 45 30 3 4 1 O O O 34 26 31 2 6 12 16 1 I 14 1 1 I 5 II I
3 22 lO 4 2 9 9 3 O O 26 7 20 3 3 2 14 I 2 8 24 1 1 3 2 1
4 22 lO 4 3 4 18 4 O O 26 7 29 4 1 O O O O 4 8 O O 1 O O
5 24 1I 5 4 5 26 13 O O 28 8 40 5 O O O O O 2 8 O O O O O
6 22 45 19 2 3 1 O O O 25 16 2 6 22 65 54 6 6 '5 3 6 6 22 37 6
7 18 8 43 4 4 1 O O O 21 17 35 7 13 8 83 6 6 6 4 6 6 12 27 6
8 14 6 3 4 5 I O O O 14 31 38 8 5 3 3 3 3 4 2 3 3 4 25 3
9 O O O 7 8 5 1 O O I O 66 9 O O O 7 7 17 40 69 20 O O 7

lO O O O 7 8 '5 O O O O O 68 lO O O O 9 8 19 12 9 22 O O 9
11 7 3 1 7 7 2 O O O 8 2 59 11 1 1 O 2 2 2 1 2 2 1 1 2
12 7 3 1 5 5 I O O O 8 2 41 12 O O O O O O O O O O O O
13 3 1 1 3 4 I O O O O 1 31 13 O O O O O O O O O O O O
14 9 4 2 5 5 I O O O lO 3 43 14 O O O O O O O O O O O O
15 86 39 17 3 4 1 O O O 22 29 30 15 99 64 55 9 9 8 8 9 9 22 76 9
16 7 3 3 8 10 2 O O O 2 2 75 16 3 2 4 8 8 7 7 8 8 I 2 8
17 O O O II 12 3 O O O O O 15 17 1 I O I 98 86 86 lOO 100 1 I 15

Stage 3 Stage 3

6 7 8 9 lO 11 12 13 14 15 16 17 6 7 8 9 10 11 12 13 14 15 16 17

1 31 55 24 24 O 1 O O O 35 34 34 1 6 18 16 3 3 3 3 3 3 6 10 3
2 31 49 33 22 O O O O O 35 31 31 2 8 21 30 3 3 4 3 3 3 8 13 3
6 22 45 19 17 O O O O O 25 24 24 6 22 71 62 10 10 10 10 10 10 22 35 10
7 19 9 43 25 O 1 O O O 21 35 35 7 12 9 87 9 9 10 9 9 9 12 32 9
8 14 6 3 27 O 1 O O O 15 35 38 8 4 3 3 5 5 6 5 5 5 4 16 5
9 O O O 48 1 1 O O O O O 68 9 O O O 48 48 55 89 83 48 O O 48

10 1 1 O 44 1 18 1 O 1 2 I 62 10 O O O O 1 19 8 1 26 O O 1
11 6 3 1 42 1 1 O O O 8 3 60 11 O O O O I 1 1 1 1 O O 1
12 6 3 1 27 O 1 O O O 7 3 31! 12 O O O O O O O O O O O O
13 3 1 O 22 O O O O O 3 1 31 13 O O o O O O O O O O O O
14 9 4 2 31 I I O O O 10 4 44 14 O O O O O O O O O O O O
15 86 38 17 25 O I O O O 22 35 35 15 99 70 63 16 16 17 16 16 16 22 60 16
16 5 2 3 68 I I O O O 2 2 95 16 3 2 6 26 26 26 26 26 26 1 2 26
17 O O O 71 I I O O O O O 48 17 O O O 100 99 98 lOO 100 lOO O O 48
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dependent upon its own production via cycling path­
ways. These diagonal fractions generally are quite low,
with only a few values equal or greater than 20%
(benthic deposit feeders 20% and sedimented POC
21 % in the first stage, pelagic bacteria 22%, and DOC
22% in the second and pelagic bacteria 22%, benthic
deposit feeders 48%, DOC 22% and sedimented

POC 48% in the third). The 48% recycling via the
benthic deposit feeders and the sedimented POC is an
unusually high figure. In fact, it is the largest percent­
age recycle of carbon ever reported. These figures
provide evidence that detritivory progressively
increases with each successive stages. The same evi­
dence is provided by the successive dependencies of
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the three detritic companments upon themselves
(DOe 2%, 9% and 16%, suspended poe 3%, 8%
and 26%, and sedimented poe 21 %, 15%, and
48%).

Any web of ecosystem interactions can be appor­
tioned inco a straight chain of discrete transfers
(Ulanowicz, 1995) caIled the ' Lindeman spine '. For
example, if a population obtains 25% of its food from
plants, 60% as a camivore and 15% as a secondary
camivore, then its activity would be apponioned over
levels 2, 3 and 4 of the Lindeman spine in the
proponions 5:12:3, respectively. The Lindeman
spines for the three stages all possess the same number
oí trophic levels (Figure 5).

Alternatively, one could weight the various path­
ways over which sustenance reaches a given predator
by the number of trophic links in that pathway
to obtain a non-integer 'average trophic position'
(Levine, 1980). The predator used as an example in
the last paragraph would feed at trophic level 2·9

(=(0'25 x 2)+(0'60 x 3)+(0'15 x 4)). The highest
average trophic level for any taxon is 3·64 for meso­
zooplankton, despite the fact that some fishes eat
mesozooplankton. Fish diet is primarily based on
detritus and primary producers (first trophic leve!)
and only marginally on mesozooplankton (third
trophic level). As a result, their average trophic
positions fall substantialIy below 4.

The highest primary production values are found
at the first stage, which is also when the lowest
detririvory values were measured. The highest detri­
tivory was registered in the third stage. The ratio of
detritivory to herbivory was intermediate in the
first stage (13'19), lowest in the second (7'57) and
highest in the third (20'32). Precisely the opposite
order was revealed in the geometric mean of the
trophic efficiencies (Figure 6). Trophic efficiencies
were moderate in the first stage (11,4), highest in the
second (12'8) and lowest in the third (8·66). Trophic
a¡gregarion analysis confirms our expectation that



detritivory would be highest in the third stage, a
circumstance which considerably reduces the
averaged trophic efficiency at that stage.

The evolution in the panem of recycling over the
three ecosystem stages consists of an increase of the
number of simple cycles from the first stage (99) to
the second and third stages (159 and 155). Funher­
more, the Finn Cyclíng Index increases as well
(17'7%, 22·6% and 41'8%, respectively), indicating
that the percentage of cycled maner increases as
switching occurs. Odum (1969) suggested that
mature eeosystems reeycle a greater pereentage of
material and energy than do pioneer or disturbed
eommunitíes. Viewed in this way, the progressive
inerease in the Finn eycling Index would suggest a
maturation ofthe ecosystem. Ulanowicz (1984), how­
ever, has remarked that perturbed systems also often
exhibit greater degrees of recycling. Ulanowicz and
Wultf (1991) hypothesize that such augmented
cycling in disturbed systems is a homeostatic response
that maintains in circulation resources that before the
perturbation had been stored as biomass in the higher
organisms. Looking deeper into the cycling structure,
it can be seen that in all the stages, carbon cycles along
short and fast loops. The average path-Iengths of the
system in all three stages are low (2'18, 2'42 and 2·14
respectively), and the percentage ofmatter cycled over
loops of various trophic lengths (Table 4) reveals that
in stage 3, proportionately more matter is cycling over
the shonest cyeles, despite the increase in the Finn
lndex at that stage (Table 4). This observation sup­
pons the previous indications that the system is
stressed at all three stages and is not maturing.

The evolution oC total system throughput (TST)
begins with a smooth decrease between the first and
second stage, followed by a dramatic increase in
the third stage (Table 5). These changes in TST
modulate the variation in development capacity (OC),
the network's pottntial for competitive advantage
(Ulanowicz & Norden, 1990), which increases at each
stage, although the informational factor (in bits) does
not change as dramatically. Much the same pattern of
change can be seen in the Ascendency (a unitary
measure of activity and organization), which increases
markedly toward the third stage, due mostly to the
precipitous rise in TST. The positive evolution of
these indices, fuelled as it is by a burgeoning TST
does not, however, reveal ecosystem maturation, but
rather indicates what often happens after the invasion
oC a new spatial domain following a major perturba­
rion (Golley, 1974; Ulanowicz, 1997), a scenario rhat
is consistent with the previous results outlined aboye.

The degree to which a system realizes its potential
for growth, organizarion and development is given by
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TABLE 4. Cycle normalized distributions (percenrage oC
matter cycled through ditferenr cycle length)

Cycle length Srage 1 Stage 2 Srage 3

I O O O
2 16'1 16 37
3 0·83 3·92 2·78
4 0·31 2·21 1·64
5 0·07 0·24 0·08
6 0'28 0·09 0·02
7 0·08 0·06 0·02

Total (Finn lndex) 17·7 22'6 41·8

the ratio AJC (Ulanowicz & Mann, 1981). Highly
organized systems exhibit the tendency to internalize
most of their activity, and thereby to become relatively
independent of exchanges with the external world.
Hence, the ratio of the indices A¡ and e, (Internal
Ascendancy and Internal Capacity, calculated using
internal exchanges only) is considered to be represen­
tative of a system's developmental status (Field tI al.,
1989; Mann el al., 1989; Baird el al., 1991). This ratio
is almost unchanged in the two first stages and rises in
the third, suggesting that the last stage is a better
organized system possessing more internal stabílíty,
which makes it difficult to change its basic structure
via external intluences (Table 5).

Conclusions

The ecological study of the disappearance of benthic
producers from Maspalomas lagoon, describes not
merely the senescence of an ecosystem, but also the
development of a new pelagie structure emerges as a
result of the crisis that befalls the benthos.

Pan of the trophie development is an inerement
in overall detritivory, presumably as a homeostatic
response of the system to retain the organic carbon
released from the previous ecosystem structure. This
large amount of matter is eirculated over fast, shon
loops in the new structure and in combination with an
increment in pelagie primary production, resuits in
a high total system throughput. This pattern of
behaviour is consistent with the hypothesis that, at the
beginning, immediately after a system has under­
gone a major destructive perturbatíon, or when it is
invading a new spatial domain, the initial response of
the system is to augment its activities and biomass at
the fastest rate possible (Golley, 1974). This increase
in system activiry, reflected in the significant rise in
TST, also augments the development capaciry and
Ascendency, even though no such intense changes are
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TABU 5. Infonnation indices. Where TST, OC, A, Overheads, R, Ci and Ai are expressed in
mg Cm - 2 day - 1, between brackets are percentages oC the development capacity, tinally A/C and
AilCi are adimensional indices

Index Stage 1 Stage 2 Stage 3

Total system throughput (TST) 13626 12264 51544
Development capacity (OC) 47840 52359 192750
Development capacity (Bits) 3·51 4·27 3·74
Ascendancy (A) 19349 (40,4%) 19854 (37,9%) 87·047 (45'2%)
Overhead on impons 1522 (3,2%) 1312 (2'5%) 1801 (0,9%)
Overhead on expons 2 (0%) 785 (1'5%) 6 (0%)
Dissipative overhead 13 923 (29,1 "lo) 12932 (24'7%) 49 389 (25,6%)
Redundancy (R) 13 044 (27,3%) 17476 (33'4%) 54 327 (28,2%)
Internal capacity (Ci) 23 136 31436 128260
Internal Ascendancy (Aí) lO 091 13960 73935
A/C 0·404 0'379 0'452
AlTST (Bits) 1'42 1'62 1'69
AilCi 0·436 0·444 0·576

evident in the nonnalized versions of these indices.
(The ratio internal Ascendancy/internal capacity does,
however, indicate an increase in the developmental
status during the third stage.)

The drastic changes in the system from stage 1 to
stage 3 appear outwardly to ponray the process of
eutrophication, but the changes in whole system
indices do not confinn this conclusion. Ulanowicz
(1986b) has defined eutrophication as • any increase
in system Ascendency due to a rise in total system
throughput that more than compensates for a
concomitant fa11 in the mutual infonnation of the
flow network.' Although, the TST does increase
drastical1y during phase 3, the average mutual infor­
mation (ArrST) of the system does not decrease. It
acmally increases from 1·42 bits in stage 1 to 1·69 bits
in stage 3.

The most likely explanation of this phenomenon is a
shift in resourceS from one subsystem (the benmic) to
another (me pelagic) within Maspalomas. No appre­
ciable resourceS are being added to the system from
the outside. If one wanted to make the case for
eutrophication, one would have to confine the analysis
strictly to a comparison of me pelagic subsystem
between stages 1 and 3. Overall, however, resources
are simply being transferred from the benthic sub­
system, with its attendant redundancies, to the more
streamlined pelagic subsystem. Eventua11y, the system
reverses itself and reconstructs the more intricate
benmic community.

The entire cycle is reminiscent oí Holling's (1986)
• figure-8' scenario for ecosystem development.
Holling identifies • ereative destruetion' as an ele­
ment oí almost a11 ecosystem behaviours. Although
eonditions in stage 3 are not aesthetically pleasing

and do indicate that the process of eutro­
phication may have occurred over a number of
decades, the transition from stages 1 to 3 is not
in itself an example of eutrophication and the indices
confirm mis conclusion. In order to establish
that the Charca is a eutrophic ecosystem, it would
be necessary to compare an annual network (that
could be elaborated with seasonal data presented
here) with one that which existed several decades
ago.
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Appendix

Magnitude
Compartment Flux Stage mg C m - 2 day - I Source or estimation

Phytoplankton<2 j.lm Primary Fint 25 Primary production measured by oxygen changes
production Second 469 (j.lmol 0 2 1 - 1 hr - 1) in in SilU incubated BOO

Third 785 bottles (Microwinkler titration). Per unit biomass
rates are multiplied by the chlorophyll in <2IJm
fraction. The flux is expressed as
mg C m - 2 day - 1 considering a photosynthetic
quotiem of 1·2 (Panons el al., 1984), a mean
depth of 1 m and the sunlight hours at each
stage.

Respiration Fint 5 20% of primary production (Moshkina, 1961;
Second 94 Panons er al., 1984; Williams, 1984; Sakshaug
Third 157 el al., 1989; and Baird & Ulanowicz, 1989).

Exudation Fint 6 25% of primary production (Valiela, 1984; Balrd
1-15 Second 117 & Ulanowicz, 1989; and ]orgensen Cl al., 1991).

Third 197
Oeath Fint 1 Death rate is assumed lO be 9'6% of primary
1..... 16 Second 45 production Gorgensen el al., 1991).

Third 75
1-7 Fint 13 By difference, assuming a balanced compartment.

Second 213
~Third 357 j-

Phytoplankton> 2).lm Primary Fint 17 Same as for <2).lm phytop1ankton, but
production Second 196 multiplying by the chlorophyll in > 2 IJm fraction. ·i:>

Third 1041 iRespiration Fint 4 Assumed tO be 20% of primary production
Second 39 (Moshkina,1961; Panons el al., 1984; Williams, ""Third 208 1984; Sakshaug el al., 1989 and Baird & ~

8-Ulanowicz, 1989). .
Exudation Fint 4 25% of primary production (Valiela, 1984; Baird t
2-15 Second 49 & Ulanowicz, 1989, and ]orgensen el al.,' 1991). .§

Third 260 ªDeath Fint 1 Assumed tO be 9'6% of primary production i
2 ..... 16 Second 19 Gorgensen el al., 1991). j

Third 53
.1l

2-7 Fint 4 Chlorophyll consumption rate was measured bv j
Second 67 grazing experimems (Landry y Hasset, 1982) a'nd
Third 398 transfonned to carbon units using a C:Chl a ratio ~

¡;¡
of 30 (Antia el al., 1963; Parsons el al., 1984; "
and Jorgensen el al., 1991).

2-8 Fint 4 By difference, assuming a ba1anced compartment.
Second 22
Third 122

Ruppia maritima Primary Fint 2760 Primary production estimations
production Second 120 (mgO: gdw 'h 1) for different coastal lagoons

Third O were used (Congdon & McComb, 1979; Evans
el al., 1986; and Menendez & Peñuelas, 1993).
mgC m - 2 day I were calculated on the basis of
biomass estimations, sunlight hours in each

Rellpiration
sampling and a photosynthetic quotient of l.

Fint 1512 R is calcu1ated using respiration rates measured
Second 66 for R. marilima (mg O 2 g dw I h 1) at differenl
Third O production rates (Edwards, 1978).

mgCm- 2 day 1 were calculated from me
estimated biomass, a respiralOry quotient =1 and

Fint
an homogeneous 24 hour respiration cycle.

Exudation 696 Using net production data for R. maritima from
3 ..... 15 Second 30 Edwards (1978) an exudarion rate of 25'2'1:. of

Third O gross production is calculated.
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Appendix continued

Magnitude
Compartment Flux Stage mg C m - 2 day - 1 Source or estimation

Ruppia man'cima 3 .... 10 First 91 Calculated from consumption to biomass indices
continued Second 8 for Gammarus sp. feeding on R. maritima

Third O (Menendez & Comin, 1990). Biomass of
anphypods from direct measurements.

3 .... 11 First 10 Calculated from a 5% diel consumption to
biomass index (Wootton, 1992). Liza aurata
biomass was estimated by Moreno (1996).

Second 10 Stomach content analysis (Moreno, 1996)
Third O showed that benthic producers were 10';'-" of Liza

auraCa dice Ingestion was apportioned between
the benthic producen based on their abundance.

3.... 12 Fint 3 Calculated from a 2·8% diel consumption to
Second 3 biomass index (Wootton, 1992). Benthic
Third O producen represent 34% of D. sargus diet

(Moreno 1996). [ngestion is apponioned
between the benthic producen based on their
abundance.

Fint 5 Calculated from a 9% diel consumption to
Second O biomass index (Gibbons, 1989). Biomass

3-4 Third O estimated from visual census. R. maritima is
considered to represent 85% of G. ch/(lrt,pus diet. ~

Death Fint 446 By difference. j-
3-17 Second 2 ¡

Third O :>

Chara globularis Primary First 151 Calculated multiplying production Iproduction Second 29 (Jl C g dw - I h - 1) data from the literature
"Third O (Pentecost, 1984) by historical biomass data "~

(Betancon, 1993) and sunlight hours at each 8-
sampling. .

Respiration First 66 44% of primary production (Haniffa & Pandian, I
Second 13 1978). !6

ªThird O iExudation Fint 38 25% of primary production (Valiela, 1984; Baird ¡4-15 Second 7 & Ulanowicz, 1989; and Jorgensen .:1 al., 1991).
Third O .1l

Fint 5 Calculated from a 5% diel consumption ro f
Second 5 biomass index (Woorton, 1992). Liza al/rata ~

4-1 Third O biomass estimated by Moreno (1996). Sromach ¡;¡
contents (Moreno, 1996) show that benthic

@

producen represent 10% of L. auraca dieto
[n¡estion is apportioned between the benthic
producers based on their abundance.

4 .... 12 Fint 1 Calculated from a 2·8% diel consumption to
Second I biomass index (Wootton, 1992). Drplodw sargus
Third O biomass estimated by Moreno (1996). Stomach

contents (Moreno, 1996) show that bcnthic
producen represent 34 of D SargllS die!.
[ngesrion is apportioned between rhc benrhic
producen based on their abundancc.

Death Fint 42 By difference.
4-17 Second 3

Third O
Cladophora Primary Fint 40 Calculated mulriplying production

production Second R (¡.¡g C gdw Ih 1) data from the lircratur.:
Third O (Gordon el al., 1980; Lester et al., 19HI'l and

Dodds & Gudder, 1992) by the biomass and the
sunlight houn in each sampling.
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Appendix continued

Magnitude
Companment Flux Stage mg C m - 2 day - I Source or estimation

Cladophora Respiration First 8 20% oí primary production (Dodds & Gudder,
continued Second 2 1992).

Third O
Exudation First 10 25% oí primary productíon (Valiela, 1984; Baird
5 .... 15 Second 2 & Ulanowicz. 1989; and jorgensen er al., 1991).

Third O
5 .... 11 First 2 CaJculated from a 5°1., diel consumption to

Second 2 biomass indcx (Wootton, 1(92). Ll;;;a aurala
Third O biomass estimated by Moreno (1996). Stomach

contenrs (Moreno. 1996) show that benthic
producers represents 10% of L aurala dice
Ingestion is apponioned berween rhe benthic
producers based on their abundance.

5 .... 12 First 1 Calculated from a 2·8% diel consumption to
Second 1 biomass index (Wootton, 1(92), by D. sargus
Third O biomass estimated by Moreno (1996). Stomach

contenrs (Moreno, 1996) show thal benthic
producers represent 34% of D. sargw dice
Ingestion is apponioned berween the benthic
producers based on their abundance.

~Death First 20 By difference. •5 .... 17 Second 1 i
Third O z

5
Pelagic Bacteria DOC First 255 DOC assimilation was estimaled using j

assimilation Second 1326 community respiration measured in oxygen in SilU ~

Third 4715 incubations. Respiration eoefficienrs for g
!Oplanktonic organisms were obtained from "

hterature. Bacteria assimilation was adiusted to 8.

equal plankton respiration ar the measured I
respiration rates. . ¡POC First 6 Was assumed 10 be 2·5% of DOC assimilation.

assimilation Second 33 .!l'

"Third 117 ~

Pelagic Bacteria Respiration First 104 Obtained from the planktonic community i
.11

Second 544 respiration estimations. 1Third 1933
6-7 First 99 By difference. assuming a balanced companment. ~

¡g
Second 516 Results were always below maximum grazing "Third 1836 eapabiliry calculated from grazing experimenrs

pcrfonned as in Landry and Hasset (1982).
Carbon units were obtained using a C:Chl a ratio
of 30 (Antia el al., 1963; Parsons el al., 1984;
and ]orgensen el al., 1991).

6-15 First 44 17'Yo of assimilation (Peterson, 19R4).
Second 231
Third 812

Death Fint 13 5'Yo of assimilation (Peterson, 1(84).
6-16 Second 68

Third 242
Microzooplanklon Respiration Fint 35 30'1.. of ¡ngcstion (Fenchel, 1982; Peterson,

Second 239 1(84).
Third 777

Excreti(ln Firsr 17 15% of ingcslion (Fenchel. 19R2; PClcrson.
7 -1 '5 Second 119 1(84).

Third 389
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Inlense volcanic aClivlty al
central part 01 the NW and
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eóifice becomes very
steep and unstable

7
ravltational Slresses

(overgrowth) .... ....

. • dilalional stresses
....... (óyke weóging)

1) -130·140 Ka

2) -130 Ka

El Golfo giant
collapse

Riss max glacial

•• 0 •••••••••• _. '--"','"

collapse scar
,.~

volcanlc aCllvlly al lhe nft
abruptly enós after the

collapse

eollapse debns anó
1SI generatlon scree óeposits

2nó generalion
seree óeposlts

, SI generallon
seree óeposils

bcaeh anó acollan
sanós

1SI generatlon
seree óeposlls_

3ró generallOn
seree óeposlls

maflne·Cul
plalform

1st ( -130 Ka) El GOlfo
giant eollapse sear

retreal 01 Ihe eliff
(eollapse sear eroóeá)

1SI generat10n
3) -130 to -25 Ka seree óeposlI~ , - -

marine-erosion eliff

4) -20-15 Ka

15 Ka eollapse sear?

/'
Slope collapse al

about , 5 Ka?



.1 e (',,¡,¡,u, .,¡fu el {l1./ JlJurIl{ll uf \ ',,1, """I,,~\ u,,¡f (¡.'tllit"I/".¡f kn,'"¡,, it 'N (I'IY'JI I(¡'I- 1'111

-140..L.--------------------------...J

..
Ages (ka)

..
200 ka

.......-....--.....
~MAX. GLACIAL (RISS)

4. Discussion and conclusions

Post-collapse sediments
(1st scree)

50

Post-collapse c1iff and
abrasion platform

JSI El Golfo
2nd scree) gimlf /flndslide?

~,.,,,,,,,,,,.,,~,,,,,.. ,,.,, ..~ ......." ..... " ..."."" .. "." ..,,"~

\ . ,~ · 7\/\ J RI~E
RISE IPost-collapse / \..../ '-JI
V\ lav s SLOWLy FALLlNG

211d El Golfo ~
gianl/ondslide? ~

~
Sea-Ievel

Post-collapse lavas
(subaerial, no pillows)

fossilise the cliff

MAX. GLACIAL (WÜRM)

-80

-40

-60

-20

-120

-100

+20

Sea level
(m)

O

,...~
.~

...~
¡

h;: I1I rh~ ";:é l"1f',lrall1h U<:fll1<:U for Ihe El Golfo collap'l" ;11\' ,"'I1'I,I<:nl '.\1111 11"111 I'\<:nh "((lIrril1g il1 p<.:riou, nI' l(1w sea·lcvel stalh"~
\;:lxl.d 111.1\1111,1), Ihc Ri" al1u \\'lIrm glacialion,. re~pe'll\cl~.•1' ,h"'.\11 111 Ihe flgUll' ~,·.I·k\l'i (un'<: from Llh<::n<: el al. (1987). ~_=:

8-

-~
(Ur!!ek~ el al .. 11,)1,)7). In addilion. the availab.~
balhymelry inoic.ll~~ lhal a similar volume has b~e-i
removed be/o\'. sea level (Masson. 1996). i5

~...~
9.. ~
o

-~"@
Gianl gra\'italional landslides are a common fe~~

tl.¡re in the anary Island.. as in the other intraplalL­
hotspOI-inouced oce¡¡nic volcanoes in lhe world. The~
can be readily identified in the youngest. shield-stag_
islands ol' Tenerife. La Palma and El Hierro b..
means ol' onshore and offshore observations. _

Gianl landslides are a natural process thal help:-
.... -restore gravllallonal slabJllty to sleep vol cano slope:-..

In contrasl lO lhe Hawaiian islands and most 01' lh~
oceanic vokanoes. subsidence is not comparativel~
significant in ¡he anaries. Consequently. these i~­

lands have an extended geological life 01' over :2
Ma. that ends by the joint action 01' catastrophi...
mass-wasting (in lhe earliesl. mosl active shiel'­
stages) and erosiono ..

More lhan hall' of the total subaerial volume o~
the western i lands (La Palma and El Hierro) haS
been removed by giant landslides and erosion in th~
past million years. The precise calculation 01" thes~-

heforc abuul 100 ka. This lherefore provides a mini­
IllUIll age fOl' the collap~e.

A p()~~ible means 01' reconciling the contradic¡ory
onshore and ofl'shore evidence is to postulate the
occurrence 01' lWO lateral collapses: one largely ~lIb­

aerial ano occurring abOUl 130 ka ago. and the other
allecling lhe seaward part~ 01' the lava platform built
up within lhe embaymenl. and also the submarinc
~lope 01' the island down 10 considerable depths. Thi~

lalter e\·enl. that may have taken place between 17
ka and 9 ka. would thus be the one that produced lhe
megalurbidite b. This sequence 01' events is slIm­
marised in Fig. 9.

Thc age constraints are thus consistent wilh hOlh
collap~e events occurring in periods 01' low sea level
<;land, (glacial maxima) during the Riss and Wurm
glacialion~. respectively. and/or with the post-gla­
cial rises in sea-Ievel. This is consistent as well wilh
the inference ol' Weaver el al. (1992) that megalur­
bidites in the Madeira abyssal plain occur at isotope
stage boundaries coincioing Wilh changing ea-Ievel
(Fig. lO).

The volume 01' subaerial material removed in the
formation of the El Golfo embayment is at least 180
km.1. taking into consideration that the likely original
heighl 01' the edifice may have exceeded 2000 m

h

,

i
I

)
iiLL
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volumes is difficull. A consequence of this is that the
evaluation of the eruptive rates in the islands is also
subject to significant uncertainly.

The island of El Hierro has been aft'ected at leasl
by three successive gianl landslides and an old
aborted gravilalional f1ank collapse. The combined
volume of lhose collapses (eslimated at about 400­
500 km 1

) consiJerably exceeds lhe presenl subaerial
volume of lhe i"land (aboul 140 km·l ).

La Palma rnay have had IWO gianl landslides.
allhough lhe aistence of the older one has not as yel
been unamhiguously verified. Both affecl the north­
ern. Plio-Qualt'rnary Taburiente shield-volcano. The
lasl one (lhc Cumbre Nueva giant landslide) lOOk
place al about 560 ka and involved a volume possi­
bly exceeding 200 km·l . Since then. the Taburienle
shield became eXlinct and eruplive activity concen­
trated in a predominanl N-S-lrending rifl (rhe Cum­
bre Vieja volcano).

The Cumbre Vieja volcano is very steep and may
be unstable (Day el al.. 1999-this volume). lts wesl­
ern f1ank may rest on the Cumbre Nueva collapse
scarp if lhis fealUre extends to the south end of the
island. as suggesled by the disposilion of the summit
of the volcano. A long (up to 3 km). arcuate zone of
en echelon faults developed in the 1949 eruption at
the summil nf lhe Cumbre Vieja volcano (Bonelli.
1950: CaJT;.Il.:edn. 1994). The possibility thal these
faults IllUY in<.lieute that the unstable block has al­
ready SlarleJ to nlove is being monitored by seismie
and geodetic ICl:hniques (Moss and McGuire. 1997).

A feature lhat may prove to be interesting is the
apparently cnupkJ development of La Palma and El
Hierro during lhe Quaternary. Although still specula­
live. there ~eelll to be periods of simultaneous rapid
growth in both i~lands in an "on-off" sequence.
apparenlly linke<.l 10 lhe occurrence of catastrophic
landslides ( arracedo el al.. 1997e). Precise gen­
chemical ill\·e~ligations. especially iSOIOpic. are~ re­
quired 10 elari f: whether both islands have a com­
mon Illagmatie ~nurce thal can alternatively feed
volcanoes in both i.lands following massive col­
lapses.
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BIOLOOY AND PlSHERY OF DOLPHINPISH AND RELATED SPECIES. E. MASSlITlGNI B. MORALES-NIN (.a.)

Growth and reproduction oC the dolpbinfish
(Coryphaena equiseliB and Coryphaena hippunu) in

the Canary Islands, Central-East Atlantic
(preUminary results)*

J.J. CASTRO'. J.A. SANTIAGO'. V. HERNÁNDEZ-OARCtAI and C. PLAz

1[)epInaIMnlo de BioIoIfa, Univeraidld de Lu Palmu de Oran Canaria. Apdo. 550. Lu Palmu de Oran CanIria.
~ Isl.... Spain. E-mail: joIejuan.cuuo.bioloaia.uIPIC.es

2J..ab.letioIoaia Oénkica. Unlversiw ele Oírona. Campus M~lilivl. 17071 Oirona, Spain.

SUMMARY: The Iize, JI'OWdIIIld tpawn1ft.~1ticI of pompano cIoIphin (N-I50) lIld eommon doIpbllllllh (N-]6)
cauJht off die CanIry lIIaads beCween May lIld Sepcember 1995 and beCween July Iftd September 1996 werc eumined.
,Pcri leqdI (PI.) of pompIIIO dolphin wu In Ihe ranp 28.3-62.8 cm. In 1995. die meIft leIlIIh incrs:=:ftcalltIYfrom
June 10 September. ltoWever. in 1996. die meIft~ wu li,nillcantly 1..., In July tluIn in . 11Ie ova.U
Ien¡th.welahl relatiOlllhlp wu W.o.0287*Pl.2.m (r.o.97). while lhele relatlonlhipl by sex were u foUows:
W-o.03I*PI.,u" (r.o.98) and W-o.0282*FLu" (r-o.97). for ...1es and femala rapectively. SpaWftiq tIkes place allhe
beainnilll of Ibe Summer (June-July). An die individulll obIainecllhowed dewloplq ¡onada. but r-aleslbowed a hi.h­
•~ index (OSI) than mala. The hi¡hell OSI values were obIained in June (l.3.1O:t1.73). and dec:reued pro­
....vely rowarda Ibe..ofdie -.on (SepIember). when Ibe avera.. of Ihillnclex,wu l. 1.~.81.Similarly. Ibe con­
CUdon index decreued lilnificantll 'rom June 10 Sepcember. The proponion of femala wu alwaYlsipiracamly hiaher than
....... excepc In July 1996 when 11 wu 1: l. There wu a hiah c:onapondence between~h rata determiried 6y annull
lCIIe ion and modal pl"OIreUion anaIysis. Aceordin, lo scafe annuli interpretlllOll.dIe individuall cau,hl showed
More than fMl C...... However. there are doubu aboul ... usiJllllion from scaIeI. ForIt Ienatb of common dolphin.
11111 wu in Ibe~ of 76.5·103.0 cm. The Ieqtb-weilhl relationships obIained for a11 die specimens cauabl wu
W-o.00095FLu21 (r.o.96). while lhese relatiOlllhips by sex were u followl: W.o.OO398FLuD (...0.94) and
W-o.OI6S6FL1ItJ (r-o.91), for maIeI and femaIeI respectively. Spawniq probIbly taIca place atibe bel\Dninl ofthe Sumo
merOS'AIlIIle Inclividuail obIained Ihowed developinl aonads. althoulh the OSI of 'emales were hip thIn males. The hilh·
est I.values wereoblained 1ft June (h5.5O:t2.17).ln Ibe lime way. the concIillon Inclex cIecrtued from May 10 Junc. The
proponlOll or females wu "Wllyssli,htly hi,_ than males (1: 1.4). but lhe ralio wu not si,niflClfttly ditJerenl from 1: l.

K" W"'* CtI~.lMlú. Co"""'ltIIlti"""rus. ,rowtb. reproduction. Canary Islanels.

INTRÓOUCTlON

Corypha'ntl is the only aenus in the
Coryphaenidae famUy and is made up of lwo
species. CoryphaCntl hippurus (Linnaeus. 17SS) and

*Rec:eived October 28. 1997. AccepIed October 8. 1998.

CoryPNuQM cquúclú (Linnaeus, 1758). According
10 Colleue (1981) and PaIko cl al. (1982). C. equ;·
sclú is diffeÍ'entiated from C. hippurus by the fact
that the adult of the pompano dolphin has a body
depth of over 25~ die standard len¡th, and that the
lOOlh palCh on che lOngue of C. hippuTUS is smaller
and oval in comparison with the broacler and square
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tooth patch of the C. equiselis. There are also differ­
eoces in me number oí rays on me different fins oí
both species, although their ranges overlap. In view
of these distinctive characteristics, ir might seem
that these two species would be easy to distinguish,
however they are nol. During me CORY programme
financed by the Commission of the European Com­
munities (D.G. XIV), we were only able to segregate
them using a genetic marker (Morales-Nin el al.,
1995; Pla and Pujolar, 1999), because none of the
morphological characteristicss allowed for quick
and reliable recognition.

Coryphaena hippurus grows very quickly and its
maximum longevity has been estimated at four years
(Beardsley, 1967; Oxenford and Hunter. 1983;
Uchiyama el al., 1986). Morales-Nin el al. (1995)
from otoliths, reponed that fish of 55 cm of FL,
caught off Majorca, were 176 days old, and from
seales, found that specimens of C. hippurus, caught
off the Canary Islands within a range of between 76
to 103 cm FL, were two and three years old. How­
ever, there is no data relating to the longevity of C.
equiselis although, according to PaUco el al. (1982).
the life span is believed to be shoner than for that of
C. hippurus. However. Morales-Nin el al. (1995)
found that specimens of C. equiselis, within a range
of between 32 to 52 cm FL, were spread over four
year classes. This fact indicates that the pompano
dolphin has a slower growth rate and greater Jife
span than the cornmon dolphinfish.

Coryphiuna hippurus is a circumtropical ocean­
ic pelagic species that is cornmon in waters of me
Atlantic, Pacific and Indian Oceans (Briggs. 1960;
Beardsley, 1967; Rose and Hassler, 1968; Johnson,
1978), and is generally restricted by the 20°C
isothenn (Gibbs and Collette, 1959). C. equiselis
generally iohabits open waters, and less frequently
occurs in coastaJ waters. There is little information
with respect to its geographical distribution, but it is
probably distributed in more tropical and subtropical
waters than C. hippurus (Collette, 1981), but is gen­
erally nOl found in waters with suñace temperatures
lower than 24°C (Mather and Day, 1954). In the East
Atlantic, common dolphinfish have been observed
from the Gulf of Biscay to SouthAfrica
(Shcherbachev. 1973). and are also frequent in the
Mediterranean (Massutí and Morales-Nin. 1995).
However, pompano dolphin have been observed
from the Azores to Senegal (Palko el al.• 1982).
although their range is not known to any degree of
exactitude because sometimes they are confused
with C. hippurus. They have also been reponed in
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the Meaiterranean sea (Shcherbachev, 1973),
although they could possibly be confused wi!b !be
juvenile of the common dolphinfish (Massutí el al.
1997). C. hippurus has occasionally been observed
in coastal waters (Johnson, 1978) and during \he
Summer of 1995, we observed several common dol­
phinfish swirnming into the port of Arguineguín
(Gran Canaria), at only 2-4 m depth.

Dolphintish are abundant in the waters of !be
Canary Islands, although the volume of commercial
catehes of these species is not large. There are three
reasons which may explain these low catches. The
first is cultural. In some islands. and especially
among the fishermen, !bese species are known by
\he local name of "corpse eater" mainly as a result
of their tendency to auregate under floating objects
(Fedoryako, 1988), including corpses. The second
reason for 10w catches. relates to the absence of a
large scaIe marketing and distribution network for
these species beyond the insular markets. AIl catch­
es of dolphinfishes are currently sold fresh to local
restaurants or to the local market, whose capacity
level is very limited. Thirdly, the seasonal presence
of me skipjack tuna (Kalsuwonus pelamis), coin­
cides with that of the Coryphaena species in Canary
waters, strongly depressing the potential catches of
dolphinfish. This results from the facl that skipjack
has a well structured marketing network and is
exported to foreign markets (i.e. Japan) so thal the
coastal fishing fleet is exclusively devoted to fishing
tuna. So. dolphinfish are only taken by lUna boals as
by-catch.

The aim of the present paper is lO repon the first
information on growth and reproduction of
Coryphaena equiselis and C. hippurus in waters off
the Canary [slands.

MATERIAL ANO METHODS

A lotal of 1SO specimens of pompano dolphin
and 36 specimens of common dolphinfish were
obtained from commercial catches off Gran Canaria
(Canary Islands) between May and September 1995
and between July and September 1996. Fish samples
were caught by the anisanal tuna fleet using live
bait. Examination of the samples was undenaken
immediately after landing. Each fish was measured.
to the nearest millimetre, for fork length (FL), stan­
clard length (SL), distance to the anal fin (AL). dis­
tance lO the ventral fin (VL). distance lo the pectoral
fin (PL), distance to !be dorsal fin (DL). cephalic
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Flo. l. - Morphometric meuurements caken for Coryph4efUl eq"iseliJ and Coryph4efUl hipp"rllJ: Total len¡th (TL); forlt len,th (FL); stan·
dard Ien,lh CSL); distancc lO the anal fin (AL). distancc lO the ventral fin (VL); distancc lo lhe ~loral fin (PL); distancc lo the dorsal fin

(DL): c:ephalic len¡th (eL): opercular hei,ht (OH); and anal he1lht (AH).

length (Cl). opercular height (OH) and anal height
(AH) (Fig. 1). The total weight (W) and the eviscer­
aled weight were also recorded lo lhe nearesl 0.1 g.
The gonads and the Iiver were weighed lo the near­
esl 0.0 I g. The &eX and stage of malurity of each
specimen were ascertained from head rnorphology
and by maeroscopie observalion of the gonads, fol­
lowing the classificalion proposed by Holden and
Rain (1975) (1, immature; JI resting; 111, ripe; IV.
running ripe; V, spenl). The gonadosomatie index
(OSI) was ealculaled as GSI-lOOGW/w (Anderson
and Gutreuter, 1983), and usec:l lo determine the
spawning season.

AII fish sampled were genelieally analysed
with prolein eleetrophoresis leehnique using 11%
slarch lel. Tissue eXlraelion, eleclrophoresis and
procedures for visualizing proleins general1y fol­
lowed lhe melhods outlined in Aebersold el al.
( 1987) wilh minor modificalions (Garcia-Marin el
al.• 1991).

The length-weight relationship was established
by linear relression, using logarithm values. The
relative condilion factor (Kn) was calculated as
Kn-100WrrW, where TW is the eSlimared weight
of fish of the same length, derived from lhe length­
weight equalion (Anderson and GUlreuler, 1983).

Morphomelrie relationships between FL. taken
as an independenl variable, and each of the remain­
ing variables taken as dependent variables. were cal­
culated in the followinl way: Y1J_a¡FLj hi, where FL
is the fork lenglh of individual j, Y is the i variable

of individual j and a¡ and b¡ are the paramelers of lhe
relalionship belween forle length and variable i. Cal­
culations were canied OUl using 10larithmic values.

Statislical analyses were carried out wilh CSS
statistic software (StatSoft, Inc.).

Growlh rales were delermined by modal progres­
sion analysis of length frequency dislribulions
obtained in 1995 and 1996. These were fitted al the
95% confidence level by the computer programme
NORMSEP (Hasselblad, 1966) included in the
FISAT software (Gayanilo el al. 1994).

RESUlTS

Sample composition

Pompano dolphin sampled ranged in size from
28.3 to 62.8 cm FL. and weighed between 292 and
2810 g. The lenglh of females ranled from 28.3 lO
57.9 em Fl and lhe weight ranged from 292 lo 2184
g. Males ranged from 29.2 lo 62.8 cm FL aOO from
352 lO 2810 g in weighl. The lenlth distribulions in
1995 and 1996 were significantly different
(ANOVA, F.21.8S. P<O.OOOI; Table 1). The 1995
sample ranged from 32 lO 52 cm FL and in 1996.
from 28 lo 63 cm FL (Fig. 2). In 1995, the mean
lenglh increased signifieantly (rom June lO Seplem­
ber (ANOVA. F-3.824, PaO.OI4). In 1996lhe mean
length was significantly larger in July than in Sep­
lember (ANOVA. F-49.838, P<O.OOI; Table 1).
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TAlLE l. - Number (N) of Coryphtuna -Zelliulú and CorypItMNI /tlppflnu meuured eac:h month durina 1995 and 1996. mean fort Ienath
(r). standard vI.don (SD). and Ieaath raDp (MINimaJ and MAXimaI foct Ien¡d'l).

1995 1996
JUN JUL AUO SEP TOTAL JUL AUO SEP TOTAL

CoryphuNl .quú.IiJ N 22 14 14 14 64 40 46 86
r 41.9 37.6 41.6 43.1 41.1 40.7 34.0 37.1
SO OS.3 04.6 04.3 03.2 04.9 OS.S 03.1 OS.S
MIN 32.0 31.7 35.0 38.0 31.7 31.6 28.3 28.3
MAX 52.2 47.7 49.S 49.5 S2.2 62.8 41.6 62.8

MAY JUN TOTAL

Coryplta.NI hippu"'J N 10.0 25.0 35.0
r 88.3 86.1 86.8
SD 10.3 07.3 08.1
MIN 76.S 77.0 76.S
MAX 103.0 99.5 103.0

FIG. 2. - Len&th·frequenc:y hiatopams for dolphintishes c:au.ht in
1995 and 1996.

, I

Length-weight relationships were calculated sep­
arBlely for females, males and all fish (Table 3).

For the pompano dolphin, anaJysis of variance
showed no significant difference between the length
(ANOVA. F-o.652, P-O.42) and weight distribu­
tions (ANOVA, F-l.226, P-o.269) of the two sexes.
Analysis of covariance indicated no significant dif·
ferences in the length.wdght relationships between
the two sexes (ANCOVA, F-1.229. P-o.27). The
sJopes of the Jength-weight regressions indicated

Relatlve arowth

length did not increase significantly from May lO
June (ANOVA, F=O.552, P=O.462). Females did not
increase in length (ANOVA, F=O.727. P-o.405). bul
males did (ANOVA, F=9.280, P=O.0094; Table 1)
during the same periodo

Por pompano dolphin, the modal progression
analysis shows the existence of four (X2 • 72.812.
df-9, P<O.05) and five size ciasses (X~2.904,

df.1O, P<O.05) in 1995 and 1996 respectively
(Table 2). There was a high correspondence between
annuli scale interpretation and the modal progres­
sion analysis for the individuals caughl in 1995
(Mann-Whitney U-test, U-14.0, 0.-0.57, P-o.57),
and also for the individuals cau¡ht in 1996 (Kruslcal­
Wallis ANOVA, H-2.04, P-o.36) (Table 2).

Por cornmon dolphinfish, me modal progression
anaIysis shows three age classes <XZa99.334, P<O.OS)
(Table 2). There WIS also a high correspondence
between modallength clases and the half year class­
es (Observed VI. expected X-Z- 0.149, P<O.93).

Growth
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Fork length

Common dolphinfish measured ranged in size
from 76.5-103.0 cm FL (Fig. 2), weighing between
3368 and 13718 g. The length of females ranged
from 76.5 to 99.0 cm FL and weight from 3368 to
9800 g. Males ranged from 80.5 lO 103.0 cm FL and
from 5600 to 13718 g in weight. During 1995, 35
individuals were sampled, but in 1996 only one
spent female (91.0 cm FL) was sampled. The mean
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ToUU 2.-sa..a....derived Irom lCaIe IIlnuli interpretation by MoraIeI-Nin ., tII. (1995) and itl COilelpOhdence with the size JI'OUPS
(meIIl IenJlh and lIancWd deviation) obcained fmm che modIJ proareIIioa lllllyais 01 che Iize dilCribution of COrypltMM eqlliselis ud

COryp/IMM hipplll1lS c.u¡ht in 1995 ud 1996. . _

Ale Size al aae Modal Propuion Analysis
(years) (MoraIes-Nin el al., 1995) 199' 1996

1.0 27..5*0.3
1..5 32.0 31.~.' 31.0:*l.4
2.0 37.1aJ.3 35.0z0.6 35.0:*2.1
2.5 38..5~..5 37.7*1.8 39.8*1.8
3.0 41.2:&4.7 42.6&2.4
3.S 43.2á4.1
4.0 46.3 45.0z0.S
4.S SO.O SO. 1:&0.8 .

Plus '8.0-63.0

2.0 81.~.0 78.8*2.0
2.5 81.5*3.7
3.0 88.7*8.1 87.5*3.3
3.S 98.t.3.8 96.6:1:3.6

TABU! 3. - Parameters of the allometric relationships of Coryph4eM equiselu and COryph4eM hipf'llf/lS (Intervalat the 9SCJ& confidenc:e Ievel).

•
Males

b R Interval a
Females

b R Interval •
AlI P'tsh

b R Interval

C. •quuelu W
SL
DL
AL
VL
PL
CL
OH
AH

C. hiPPllI1lS W
SL
DL
AL
VL
PL
el
OH

0.03 2.76 0.98 (2.S9-2.92)
0.99 0.98 0.99 (0.9'-1.00)
0.33 0.80 0.84 (O.6S-o.94)

-0.11 0.89 0.98 (0.84-0.9')
-0.45 0.89 0.9' (0.81-0.97)
-0..5.5 0.94 0.96 (0.86-1.01)
-0.49 0.87 0.96 (0.81-0.94)
-0.84 1.15 0.89 (1.04-1.26)
-0.68 1.04 0.8.5 (0.89-1.19)

0.004 3.22 0.94 (2.66-3.78)
-0.10 1.04 0.99 (0.89-1.09)
·1.37 1.26 0.84 (0.78-1.7.5)
-0.38 1.04 0.98 (0.76-1.32)
-0.18 0.7.5 0.8.5 (0.36-1.14)
-0.21 0.77 0.86 (0.52-1.01)
-0.48 0.88 0.76 (0.6.5-1.10)
-1.18 1.28 0.81 (0.72-1.83)

0.03 2.78 0.97 (2.63-2.90)
I.OS 0.97 0.98 (0.93-1.00)
0.44 0.73 0.85 (0.63-0.83)
-0.69 0.89 0.87 (0.78-0.99)
0.36 0.8.5 0.94 (0.77-0.90)
-o.S.5 O.M 0.9.5 (0.88-1.00)
-0.46 0.86 0.9.5 (0.SO-O.91)
-0.89 1.14 0.89 (1.06-1.26)
-0.69 1.04 0.89 (0.94-1.14)

0.02 2.87 0.91 (2.1'-3..58)
-0.01 0.99 0.99 (0.87-1.11)
-0.23 0.65 0.41 (-0.43-1.73)
-0.26 0.99 0.87 (0.78-1.20)
-1.34 1.3.5 0.83 (0.67-2.03)
-0.60 0.96 0.95 (0.38-1.53)
-0.80 1.04 0.76 (0.64-1.43)
-0.72 1.01 0..57 (0.40-1.61)

0.03 2.77 0.97 (2.67·2.88)
1.03 0.97 0.99 (0.9S·I.00)
0.40 0.75 0.84 (0.66-0.82)
-0.08 0.88 0.89 (0.SO-O.95)
0.39 0.86 0.94 (0.81-0.91)
-o.5S 0.94 0.96 (0.89-0.98)
-0.48 0.87 0.96 (0.82-0.91)
-0.92 1.16 0.8' (1.08-1.24)
-0.73 1.07 0.17 (0.98-1.16)

0.001 3..53 0.96 (3.13.3.92)
0.00 0.99 0.99 (0.94-1.03)
•1.77 1.46 0.90 (1.03·1.88)
0.03 0.84 0.9' (0.70-0.97)
-0.65 0.99 0.89 (0.74-1.24)
-0.87 1.10 0.94 (0.87·1.32)
-0.73 1.00 .0.97 (0.86-1.13)
-2.01 1.69 0.93 (1.34-2.03)

negative allometric growth in both sexes. There
were silJÚficant differences between the mean oper­
cular heipt (ANOVA, FalO.31S, P=O.OO2) and
mean anal heiaht (ANOVA, Fa9.094, P-o.OO3) of
the two sexes. The mean cephalic length wu hUJer
in males than in females, althouah nOl significant
(ANOVA, F=1.901, P.o. 17). Analysis ofcovariance
only indicated significant differences in the relalion­
ships between the CL-FL (F-4.707, P-O.03), FL­
AL (F-19.5S, P<O.OOl), FL-OH (F.S7.922,
P<O.OOI) and FL-AH (F-14.0IS, P<o.OOI) of the
two sexes. Negative allometric growth wu found in
the relationships between FL and a1l the other vari­
ables, except with AH which behaved isometrically,
and with OH which showed a positive allometric
growth (Table 3).

For the common dolphinflsh, analysis of vari­
ance showed signifleant difference between the
length (ANOVA. F-20.199, P<O.OOl) and weight
distributions (ANOVA, F=30.84, P<O.OOI) of both
sexes. The slopes of the length-weight regressions
indicated positive allometric growth. Positive allo­
metric growth wu found in the relationships FL
versus DL and OH. Isometric growth wu found in
FL versus SL, VL, PL and CL. Negative allometric
growth wu only found in the relationship FL ver­
sus AL (Table 3).

The relationships between the body height (OH
and AH) and the body length (FL or SL) did not
show a clcar lower limit as proposed by Colleue
(19SI) which could be used to differenciate
Coryphaeno equiselis from C. hippurus (Table 5).

GROWTH AND REPRODucnON Of OOLPHINFlSHES 321



TAaUl4. - Mean values aRel rana- oC varialioa oC ~onIdoIomatic index (OSI) aRel relative condition ClICtor (Kn) per month. COI' Cemales
aRel malea of oryplrll.1III .q,IIs.lú aRel Cory¡ÑllJl1lll lúppllflU.

Malea Females
N OSI Kn N OSI Kn

I ranp I ran¡e I ranae I ran¡e

Coryphaena eqlliselis ,.

1995 JUNE 5 1.I1:tO.18 0.92-1.41 1.00:tO.07 0.91-1.09 17 3.68*1.53 0.95-6.28 1.~0.07 0.87-1.09
JULY 6 1.I~.32 0.83-1.68 0.99:tO.M 0.94-1.07 8 3.IOt1.70 0.93-6.07 O.94:tO.08 0.82-1.14
AUOUST 3 0.96:tO.2S 0.64-1.14 0.95:tO.05 0.90-1.01 11 3.35:tO.62 2.17-4.09 0.99:tO.l2 0.66-1.12
SEPTEMBER 5 I.04:tO.13 0.83-1.16 O.94:tO.OS 0.86-1.00 9 2.32:tO.74 0.93-3.43 0.92*0.09 0.77-1.01
TOTAL 19 1.05:tO.23 0.64-1.68 0.98.0.07 0.86-1.09 45 3.22*1.32 0.93-6.28 0.97.0.10 0.66-1.14

1996 JULY 22 1.S4:tO.64 0.58-3.51 1.S4*0.08 0.93-1.21 18 3.79:tO.77 2.50-5.20 1.06:t0.06 0.94-\.18
SEPTEMBER 13 0.91*0.35 0.40-1.91 0.99*0.07 0.87-\.10 33 1.51.0.74 0.42-3.15 0.97*0.06 0.97-1.08
TOTAL 35 1.29:t0.62 0.40-3.51 1.04.0.08 0.87-1.21 51 2.32*1.33 0.42-5.20 1.00t0.07 0.79-\.18

Coryplrllena hippurus

1995 MAY 4 1.47*0.10 1.35-1.57 1.13:tO.09 1.14-1.25 6 4.97*1.20 3.29-6.46 0.90..:0.10 0.76-1.03
JUNE 10 1.53*0.63 1.14-2.26 I.OJitO.07 0.94-1.16 12 5.78*2.17 3.81-8.30 O.9OtO.07 0.81-1.01
TOTAL 14 1.49:tO.37 1.14-2.26 1.06:t0.08 0.94-1.2S 18 4.81*2.23 3.21-8.30 0.90..:0.08 0.77·1.03

Only the relationship between SL and AH showed
an average similar to the 25% reported by Collette,
but its range (22.4 to 29.9 %) did not allow us to use
it as a valid and definitive criteria'of identification.

Sex ratio

Of the total number of pompano dolphin exam­
ined, 96 were females (45 in 1995 and 51 in 1996)
and 54 were males (19 in 1995 and 3S in 1996).
The overall ratio of males to females was 1:2 and
the proportion of Cemales was always signifieantly
higher than males (X2 observed vs. expected=
88.97; P< 0.(01), exeept in July 1996 when it was
1: l. Females predominated (1 :2) in size intervals
lower than 4S cm FL, while in larger size intervals
the proportion between males and females was
1: 1.

Common dolphinfish sampled were 21 females
(20 in 1995 and l in 1996) and 15 males (all sam­
pled in 1995). The overall ratio of males to females
was 1: 1.4 and the proportion of females was always
higtler than males (1: 1.5 in May aOO 1: 1.3 in June).
Females predominated in size intervals lower than

85 cm FL. while in size intervals larger than 90 cm
the males predominated.

Spawnlng perlod

During the sampling periods, ovaries and testes
of both species were wetl developed with all the
individuals in the stage 111 of the seale of Holden and
Rain (1975). We did not find any specimens in
stages IV or V.

The monthly OSI values of females of pompano
dolphin were usually higher than those of males
(Table 4). In 1995, the highest values of the OSI in
both sexes ocurred between June aOO July, with a
peak in June for females and July for males. In 1996,
the maximum OSI for both sexes was recorded in
July. However, there were no samples in June and
August of ~at year (Table 4). In 1995, the OSI
decreased, from June lO September in both sexes
(Kruskal-Wallis ANOVA; H=7.39. P=O.06 in
females and H-1.01. P-o.79 in males). The mean
Kn showed a peak during July, while the lowest was
observed in September for both sexes (Table 4). In
1996. Kn followed a similar panem as in 1995

TAlLE 5. - Mean ralio ('ltl). standard devialion (SD) and ranle in lhe 'ltl raliOl. becween lhe fork lenglh (FL) or standard lenclh (SL) ancl the
body heiahl measured al the level of lhe operculus (OH) or allhe mus (AH). in Cemales and males of CtlrypharfID rqui.teli.t.

OH/FL AH/FL OHlSL AHlSL
% SD range % SO ranle 'ltl SO nance % SO nanle

Males 22.8 1.30 19.6-2S.7 24.3 1.48 21.9-28.0 24.4 1.47 21.0-28.2 25.9 1.72 23.1-29.9
FemaJes 21.2 1.24 17.9-24.9 23.3 1.01 21.1-25.4 22.5 1.32 19.9-26.3 24.6 1.00 22.4-27.2
Tocal Fish 21.8 I.SO 17.9·25.7 23.7 1.34 21.1-28.0 23.2 1.64 19.9-28.2 25.1 1.55 22.4-29.9

322 U. CASTRO" al.



•

(Table 4). In 1995, Kn decreased from June to Sep­
tember in both sexes OOt it was only significant in
females (Kruskal-Wallis ANOVA; H= 9.90;
P.o.02).

The monthly OSI values of females of common
dolphinfish were usually higher than that of males
(Table 4). TIte highest values of the OSI in both
sexes ocurred in lune. The OSI increased, although
not significandy, from May to June in both sexes
(Kruskal-Wallis ANOVA; H=O.24, P= 0.62 in
females and H=O.50, P=O.48 in males). There were
no significant varialions in Kn values during both
months (Table 4).

DISCUSSION

Off the Canary Islands, captures of Coryphaena
hippurus and Coryphaena equiselis are reponed
together as "dorados". The data series of dolphinfish
species landed in me pon of MogAn (Southwest of
Oran Canaria) from 1981 onwards. is very irregular
and shows an abundance peak catch in Summer and
a slough in January-April. During 1995 and 1996.
catches of C. equiselis were more frequent, espe­
cially from lune to September. However, C. hippu­
rus seems to be more abundant during May and
June. Nevenheless, Coryphaena species are caught
almosa aU the year round, a1though the majority of
captures outside of the normal fishing season are
reponed by long-Iiner or spon fishing. On ISth June
1994. a fishing vessel reponed a capture of over 3
tons. caught under a drifling object off the east coast
ofOran Canaria. Daily captures of 1030 Kg and 760
Kg per boat were reponed on 27th October and 19th
November 1994 respectively, but in any case it was
not recordecl which species of dolphinfish was cap­
tured nor me length range. In 1994. the average
catch per day per boat was 223.1 Kg. while in 1995
it decreased to 99.8 Kg. Catches in 1996 aOO 1997
were negligible. The low rates of capture between
years are caused. among other factors. by the total
lack of commercial network for these species
beyond the insular markets, and the strong market
for skipjack tuna. in the same season and fishing
ground.

Pompano dolphin and common dolphinfish
caught in me Canary Island waters reveal an unbal·
anced sex ratio in favour of females. However. in
pompano dolphin in the size intervals of over 45 cm
fork length. the sex ratio was 1: l. and in the case of
common dolphinfish, in size intervals larger than 90

cm, the males predominated. This may be due to a
different Iife-span for both sexes, with a higher ~or­
tality rate in females than in males when larger in
size. However, unbalanced sex ratios in dioecious
species is extremely rare, and it is probably safer to
assume that the sex ratios observed were a conse­
quence of sampling caused by differences in the
behaviour (and hence in catchability) of males and
females. and of fish of different sizes, as has been
reponed for common dolphinfish (Rose and Hassler.
1974; Gibbs and Collette, 1959; Beardsley, 1967).
Differential growth rates for both sexes of common
dolphinfish. with adult males larger than females of
the same age (Kraul. 1999). also should be consid­
ered as another motive for unbalanced sex ratio
according to the size class.

Adult males of the dolphinfish species develop a
bony crest on the front of head (Collette, 1981).
Shcherbachev (1973) noled that sexual dimorphism
in the pompano dolphin is noted only at a length of
more than 35 cm SL and at smaller sizes. males and
females are extemally indistinguishable. while male
common dolphinfish stan to develop the bony crest
at approximately 40 cm FL (Beardsley. 1967). We
did not find differences in the cephalic length
between males and females of C. equiselis for the
overall length range measured. However. the analy­
sis of covariance indicates thal there are significant
differences in growth of the head with lhe body
length of lhe two sexes. 80th sexes also differ mor·
phometrically in that males have a greater body
deplh lhan females.

While the slopes of the length-weight relation·
ships of common dolphinfish were allometrically
positive. these indicaled a negalive allometric
growth in bolh sexes of pompano dolphin. That is lo
sayo conlrary to whal occurs with the common dol­
phinfish. pompano dolphin increase more quickly in
length lhan in weight during growlh. Positive allo­
melric growths were only found in the relalionships
between fork lenglh and opercular height and anal
height in both sexes of pompano dolphin. However.
in common dolphinfish, the dorsal pan of the body
and body height of males show a positive allometric
growlh. the posterior region (opercular. pectoral and
ventral lengths) grows isometrically. while the anal
region shows negative allometric growth. This could
be relaled to a progressive bend of lhe dorsal region
of the body and the development of the bony crest
on the front of the head in the adult males (Collette.
1981). Females did ool show this positive allometric
growth in the dorsal region. Positive allometric
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ratios were found in the relationships between fork
length and height in both sexes.

Individuals caught of both species were nonnal­
Iy adults. The modal progression analysis of the size
distribution of pompano dolphin in 1995 shows four
age classes. Morales-Nin el al. (1995), from scaJe
annuli interpretation of 66 of these individuals,
found four age classes which correspond to between
I.S to 4.S years old (Table 2). According lo this, in
1996, four age classes were a1so recorded and anoth­
er age class made up of two individuals of S8 and 63
cm. The high correspondence between modallenglh
c1asses and the half year classes suggests that the
population of pompano dolphin is made up of two
cohorts each year, as a consequence of two separale
and well-defined recruitmenl periods. On the other
hand. the modal progression analysis of the sile dis­
tribution of common dolphinfish caught in 1995
shows four size classes. Morales-Nin el al. (I99S).
from seale annuli interpretadon of 17 of these indi­
viduals. found lWO age classes which correspond to
belween 2 to 3.S years old.

Uchiyama el al. (1986) using age from daily
increment on the sagitta ololilhs. reponed thal
Coryphaena equiselis appeared lO groW as rapidly as
C. hippurus during the firsl four months, then grew
al a slower rateo Pompano dolphin also reached sex­
ual maturity at about four months (Uchiyama el al..
1986). Growth checks on seales due to spawning or
migrations (Summerfelt and Hall, 1987) could bias
annuli seale interpretalion if validation has not pre­
viously been carrled out.

Spawning of the pompano dolphin in the Canary
Islands ares taIces place at the begiMing of the Sum­
roer (June-July). AH the individuals obtained showed
ripening gonads. a1though the highesl OSI values
were obtained in June-July and decreased progres­
sively lowards the end oí the season. The Kn
decreased in the same way. indicating a weigbl loss
toward the end of the season, probably due lO spawn­
ing. Common dolphinfish spawn in surface waters.
Their reproductive season is extensive with frequent
multiple spawning (Johnson, 1978; Massutí, 1997).
Due to the scarce number of fish sampled. it is diffi­
cult lo specify the spawning season of the common
dolphinfish off the Canary (slands. However, this
probably takes place al the beginning of the Summer.
The highesl values of the OSI were obtained in June,
coinciding with the lowesl Kn values.

The results obtained during this study are regard­
ed as preliminary due lo the small number oí indi­
viduals analysed. Large numbers of specimens are

324 U. CASTRO el al.

required in order to confinn the trends shown over
the data reponed in this papero
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Fish associated with fish aggregation devices off the
Canary Islands (Central-East Atlantic)*

J.J. CASTRO, J.A. SANTIAGO and V. HERNÁNDEZ-GARCfA

DepanamenlO de BiolOlía. Universidad de Las Palmas de Gran Cllllria, Apdo. S50. Las Palmas de Gran Cllllria.
Canary Islands. Spain. E·mail: josejuan.castrollbioloaia.ulpac.es

SUMMARY: Sixteen fish agreption devices (FADa) were deployed in 50 lO SOO m deep of waler in lhe Canary Islands.
Species compoailion and abundance were determined by visual census carried OUI by divers on SS occasions from AprillO
October I99S and from AuausI 1996 lO May 1997. A total or IS speciea represenlina nine ramilies of fish were observed.
Ps~ud(J('urunx dtlllex (Bloch and Schneider. 1810). SeriOÚlspp. and NQMCI'Gtts ductor (Linnaeus. 17S8) were lhe mosl abun·
danl species. The number or species usocialed wilh FADa increased wilh immersion time. bUI fish biomass did no! incrase.
The maximum number or fish spec:ies reaistered exllCtly under lhe FADs al any one lime WIS five. The averase eslimated
biomass was 9.47 Ka per FAO (SO. 2S.2). However. when onlll*lfilh were raken inlo KCOUnt.,lhe mean aureaatedJish

, biomas.~ wu 3.20 Ka (SO. 4.32). The eslirnated biomass WIS h1aher when CorypItDefIQ spp. was ~nt., increasinllo S3.9
Ka per FAD (So-S3.6). A si.nificantly lower filh blomass and number of species WIS observed In FADs deployed in shal·
lower waters (50-100 m deplh).

K~.\· wf1rd.r: FADs. Fish assemblages. noaling Slnle:tures. anisanal fisheríes. Cenlral·EasI Atlanlic.

INTRODUCTION

The tendency oC fish to aggregate around floating
objects has becn known rOl' lOme time (Mortensen,
1917; Uda. 1933; Kojima, 1956; Galea, 1961:
Hunter, 1968). Tbe first commercial fish aggrega­
lion deviees (FADs) were c:leployed in the walers of
lhe Philippines in me early 19705 (Kihara, 1981) lO
anrael Thunnus albacans (Bonnaterre, 1788). Due
lo the sueeess oC FADs in aggregaling fish, these
have eome lO play an important role in the cornrner­
cial, subsislenee, and recreational fisheries oC all the
lropical and sub-tropical oceans oC the world (Pol­
larel and Mallhews. 1985; Frusher, 1986; Wilkins
and Goodwin. 1989; Biais and Taquet, 1990; Hol·

Received January 20. 1998. Accepted January 21. 1999.

land el al., 1990; Buekley and Miller, 1994: Frie<!·
lanc:ler el al., 1994; Higashi, 1994: Kitarnado and
Kataoka. 1996).

This fishing method has mosl specifieally becn
used in large seale commercial tuna fisheries over
the lasl three decades and has given a higher yield oC
fish (Greenblau, 1979; Fonleneau, 1992). The
method yields an average catch of 40 tonnes oC tuna
per fishing operation around flotsam in comparison
with 20 tonnes for Cree sehools (Fonleneau and Hal­
lier, 1993). Sometimes up to 200 tonnes oftuna have
becn harvesced in a single fishing operalion (Sacehi,
1986).

The first studies designed to ascertain the mech­
anisms leading to aggregation under floating objects
were carried out by Gooding and Magnuson (1967)
and Hunter and Mitchell (1967). Subsequenl to
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these, .there have been many more including those
by Greenblatt (1979), Matsumoto el al. (1981), de
Silva (1982), Myatt and Myatt (1982), Beets (1989),
Buckley tI al. (1989). Four methods have becn used
to study the fauna associated with tlotsam: l. direct
observation (Rountree, 1989; 1990; Parin and Fedo­
ryaJco, 1992); 2. use of fishing (Hunter and Mitehell,
1967; Massutí and Reftones, 1994); 3. combination
of both (Wiclcham and Russell, 1974); 4. use of
ultrasonic tags (Brill el al., 1984. Holland tI al.,
1990; Cay~, 1991 ~ Cay~ and Manac, 1993).

Several hypotheses have been suggested to
e~plain aggregation under floating objects (Kings­
ford, 1993). Amongst many other factors, the most
appealing are: Fish congregate around tlotsam look­
ing for refuge from predalors (Hunler and Milchell,
1968; Feigebaum el al., 1989). Fish may ag¡regate
because more foad is avaHable under f10lsam
(Gooding and Magnuson, 1967). The disturbance
produced by the flotsam in the uniformity of the
ocean may be a reason for the attraction (Holland tI

al.• 1990; Hunter and Mitchell, 1967). However, it
seems to be the consequence of many factors which
influence fish behavior (Fonteneau, 1992; Hall,
1992; Kingsford. 1993).

Severa! fish species approach FADs looking for
food, and feed on the invertebrate that grow on the
FAOs (i.e. hydrozoans. cirripedes, amphipods and
crabs)(Kojima. 1967; Ida tI al., 1967; Rountree,
1990; Massutí and Reñones, 1994). It is thought that
large predalors like lunas. sharks and dolphin-fish,

are attraeted by the fish aggregated under the FADs
(Wickham el al., 1973, Arenas el al., 1992). How­
ever, there are doubts that these species prey on the
fish fauna associated with the FADs (Brock, 1985;
Cort, 1990; Fonteneau, 1992; Massutí and Reñones,
1994). Il is also possible that some spec:ies Iike dol­
phin-fish use FADs as spawning places, due 10 the
fael thal drifting objects indicate the presence of
oceanic currents where eggs and larvae may drift
more efficiently towards better nursery areas.

Studies carried out on the fish communities asso­
ciated with FADs off the West coasl of Africa are
few. and deal mostly with the large seale tuna fish­
eries under tlotsam (Wood, 1989; Fonteneau, 1992;
Kwei and Bannerman. 1993). In the Canary Island
walers. there is no traditional conunercial fishing
around tlotsarn. and there is only one previous study
on the fish communities associated with artificial
habitats (Le. FADs and cinder blocks on the bottom)
(Bortone tI al., 1994). In this paper, we deseribe the
faunal composition and abundance of fishes associ­
ated with FADs anchored at the south of the istand
of Gran Canaria, using census data and information
from commercial catehes over two years. The aim of
this paper is lO study the fish conununity associated
with FAOs, and me variations in the number of
species and biomass aggregated in relation to sea­
son. depth of anchoring and inunersion time. Obser­
vation of the behaviour of the species associated
with FADs was also recorded to provide further
details on the fish community structure.

Flo, 1. - Fish Aqre,alion Devices aOO anchora¡es used durinllhe sludy periodo FAD wu a mauress of foam (200xI00x12.S cm). covered
wilh a blac:k plasllC film and a piece of neto The 1Ubmer¡ed volume was increased wilh fra,menlS of old nelll (aboul 1.5 m of Ion.itude). The

anchoraae was compoaed of four 50 ka concrete block•.
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FIO. 2. - Location of the FADs deployed in wa1en off Oran Canaria
(Canary Islands. Spain).

MATERIALS ANO METHOOS

In 1995, 1996 and 1997, 16 Fish Aggregation
Devices (FADs) were consuucted (four in 1995, ten
in 1996, and two in 1997) using blocks of foam of
expanded polystyrene (200x IOOx 12.5 cm). These
blocks were eovered with a black plastie film to pro­
leet the "foam" from the sun and damage caused by
seagulls. Each unit was netted to hold the flotsam lO

tbe anchor. The submerged float volume was
increased by adding fragments of old nets (about 1.5
m in length) hanging from the float (Fig. 1). No float
unit surpassed 10 Kg in weight.

The anchorage of each FAD was composed of
four concrete blocks, each weighing SO Kg, held
together with chains. The floats were lied to the
anchorages using syntheUc ropes about 20% longer
than the depth of the area, to avoid sinking the FAO
due to current or tidal drago The FAOs were
deployed at deptbs betwcen SO and SOO m (Fig. 2).
The cost of lhe FADs ranged between 200 and 370
US $, depending on the depth of the anchorage.

From April until October 1995 aOO August
1996 to May 1997, observations of fish associaled
wilh the FADs were carried out almost fonnightly.
The number of visits to the FADs in 1995 and
1996·97 were 26 and 29 respectively. During each
of tbese visits, two divers undenook a visual cen·
sus of aH the fish within the range of visibility from

tbe FADs (visibility around tbe FADs ranged from
1S lO 30 m). Divers recorded the number of fish of
each species and their approximate size. The size
(total1ength) recorded was transfonned to weighl,
using the lenglh.weight relationships of eaeh
species obtained froro the literature (Isidro, 1990;
Garcfa·Oómez, 1993; Gordo, 1996) and from our
own non·published data. During observations,
video recordings were also taken to verify the cen­
sus and to provide records for use in subsequenl
studies of tbe behavior and spalial dislribulion of
fish around the FADs.

We carried out a statistical analysis in order to
test the following hypotheses: 1) Fish eommunily
ehange with the season of the year, as a conse·
quence of lhe recruitment processes of the local
fish fauna (sensus Rountree, 1990). 2) The depth
of anchorage (50·100, 120-160 and >300 m) influ­
ences the fish community structure, so that we can
expeet to find fish biomass and the number of
species associated to FAOs increasing from shal·
low to deep waters. 3) The fish eommunity is
expected to increase the diversity of the species as
immersion time and maturity increase (sensus
Vinogradov, 1983).

We also logged the fish captures carried out 100
m around FADs by anisanal fleet based in nearby
fishing pons. This fleet was composed of wooden
vessels of 11-16 m length, using Iive·bait and trawl­
ing lines. Fishermen were provided with fonn
sheets where they· recorded the daily catches by
FAD (aU FADs were numbered to facilitate their
locauon on a chan).

RESULTS

ComposltlOD by species

Nine families and 1S species of fish were
observed under or near the FADs (Tables 1 and 2),
eight of which had commerciaJ value in the Canary
lslands. Kalsuwonus pelamis (Linnaeus. 1758) and
Tlumnus alalunga (Bonnaterre. 1788) were the most
imponant species for the local market, followed by
CoryphMna spp. (only after genetic analysis were
we able lO isolate C. hippuf'IU Linnaeus, 1758 from
C. equiselis Linnaeus. 1758, sinee visual census did
not aJlow fOl' &earegalion of bolh species), Seriola
spp., and PseudocafYUIX denta (Bloch and Schnei­
der, 1810). The most frequently observed family
was Carangidae.
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T....LE l. - FIIh species lIIOCiaIed witb FIIh Agreption Oevic:ea in wltCl'l off Oran CInIria, recordcd from diver visual COllnlS from April
199~ 10 May 1997 (*fiah species only recorded throu¡h filhin,).

Family Species LenJlh ran,e
(cm)

Caran,idae Tt«hMnud:' ~-35

NGlACrGIls lor ~-30
SeriolD !pp. 3-20
P,elldocartlNl _IIIIJe 2-20

Coryphaenidae CoryphGeM hippllnu 70-100
C. ftllI;Sttis SO

BaliatidIIe Balislts carolÚlfru¡, 25-30
Kyphoaidae KyphoslIs seclalor 10-20
Sphyraenidae Sph.VrGIM v;ritkllS;S 10
Sparidae . Boops boops 5-10
Cenuolophldae SchtduphilllS o",,/is 10-50
Scombridae Scombtr jtlpOn;cllS* 18·22

KGlsllWOflIlS peúunis* 3·~ K,
ThllMUS aÚlllUlla* 4-7 KI

Carcharhinidae Pr;onact RÚllICa* 120KI

Period I
April-<>ctober 199~

April-May
May-Au,ust
June-october
July-OClober
May-June
June·Aulust
July-Aulult
April-OClober
JUM
July
April

June·Au,ust

Period 2
Au, 1996 - May 1997

AU'USI-october and May
Au,ust·May
Aupst-February
AUlust-Febnwy and May
AUJUll-Scptember and November

Oclobcr-November
December-Febru&ry and May

Au,ulIl-November and FebnJary.May
August
Au,ust-September
AUlu!lI-September
September

T....LE 2. - Abundance of fish (in Ka) from visual counts aIon, the
studied period (Mean biomass taken. Standard Deviation. Maximal
biomass recorded in one visÍl and Total biomass Ioc:ated beneath

the FAD).

SPECIES Mean SD. Max Total

TrGClaunu spp. 0.18 0.57 3.00 8.1~
Naucralts ductor 1.40 3.28 13.02 61.79
Str;OÚllpp. 0.11 0.22 1.00 5.01
PstlUÚJcarGfIJC den/ex 0.93 2.43 10.00 41.13
C'JrypltatM spp. 6.69 2~.3~ I~O.OO 294.20
/Jall,lts carollfltru;, 0.08 0.27 1.40 3.50
K.vpIto,1IS Slclalor O.OS 0.10 0.35 2.1~
SphyratM v;r;dtnsü 4xlo-' 3x Io"~ 0.02 0.02
Boopsboops 4xlo"'\ 0.03 0.20 0.20
Schtdoph;11lS 0",,';' 0.33 0.92 3.50 14.40

Seriola Spp.. Traehurus picturatus (Bowdich,
1825). P. dentex. Kyphosus sectator (Linnaeus,
1758). Boops boops (Linnaeus. 1758) and Sphyrae­
na viridensis (Jordan and Evennann, 1896), were
only represented by juveniles. while Coryphaena
spp. and Balistes carolinensis (Gmelin, 1788), were
only represented by adults. Naucrates ductor and
Schedophilus o"alis (Cuvier and Valenciennes,
1833) were represented by adult and juvenile indi­
viduals. ScomlHr japonicus (Houtluyn, t788), K.
pelamis. T. alalunga and Prionace glauca (Lin­
naeus. 1758) were registered only through fishing in
the vicinity of FAOs.

Seriola spp.• N. duelor. and P. dentex were the
most frequently observed species under FADs (60.
56 and 47% ofobservalions respectively). Trachurus
spp.• S. ovalis. and K. seetator were noled in 24, 25
and 30% of the observations respectively.
Coryphaena spp. were found beneath the FADs in
11 % of the observations. while B. carolinensis, B.
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boops and S. viridensis were rarely encountered (7,
2 and 2% respectively) around the FADs.

Allregated ftsh biomass

There were significant differences in me fish bio­
mass under FADs by month (ANOVA, F-2.17,
P=O.039), with the maximum aggregalions in Sep­
tember (Fig. 3). Although the number of species
undemeath FADs increased significantly with the
immersion time (ANOVA, F=2.90, P-o.023; Pear­
son's correlation r=O.4503. P<O.OOI, N-53; Fig. 4),
the fish biomass aggregated did not (ANOVA,
F-o.94, P=O.46). The average biomass found was
8.93 Kg (S0-23.6); however. when only baitfish
(juvenile fish) were taken into account, the mean
biomass aggregated was 3.38 Kg (S0-4.84), with a
maximum of 23.37 Kg. The census where
Coryphaena spp. was present oft'ered a mean aggre-

,.
14 •
11

'

,0
4 S

I ·
t • 11

•

FIG. 3. - Chanaes in abundance in fi!lh biomasll oYer the study pen.
oc:I (lhe fi,ures on top of bats ¡ndiealed the maximum number of

speciea counled eaeh month).
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FIO. 4. - Vlrialion in Ihe numbcr of fish species wilh Ihe lenalh of
lime thallhe devices were in place (Pearson's correlalion l'1I O.4S03.

P<O.OOI. N-S3).

gated biomass of 53.9 Kg (50=53.6). with a maxi­
mum of 150 Kg.

The FAOs deployed in shallower waters gave an
aggregated biomass which was significantly lower
for baitfish than for those deployed in deeper areas
(ANOVA. F=3.457. P=O.039; Pearson's correlation
r-O.4417. P<O.OOI. N=53; Fig. 5). The largest num­
ber of species registered in any one census of a sin­
gle FAO was five (mean=2.72; 50-1.31). However.
we observed a significant difference in me number
of species present as a function of the anchoring
depth of the FADs (ANOVA•. F=4.484. P-O.016).
Generally. the FADs deployed on shallower waters
gave alower number of species aggregated.

Flsh behavlour around FADs

Depending on the size of the individuals. the
schaols of juvenile P. dentex and Trachurus spp.
aggregated under me proteetion of fragments of nel
hanging from the flotsam (Fig. 1) or deeper. always
clase to the rape (the juveniles smaller than 5 cms.
in length. of both species. frequenlly established

",---------------,
20

1i 1~

iJ .
I. .

100 200 ~ _00 too

FIO. S. - Varialion oflbe baitfish biomass uRder FAO with lhe depth
of anchora,e (Pearson's conelalion ,..0.4417. P<O.oOl. N-S3).
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____N~u_mber_ of individual. in th._~..!()uPl --_._... ---1

[ • Serio. 1m PlI\ldocarallll ~TrachuN' ~ Nllucral" ,

I OKypholUl mSchedophIIu. e8dIt" :!Coryphl.na

FIO. 6. - Number of observalions of IrouP siu ror eac:h species
counted by diverso

mixed schaols). The juvenile P. denta even aggre­
gated around other fish such as B. carolinensis.
when they were close lO the FAD. These juveniles.
when they reached a body length of between 15 and
20 cms. moved no further than 20 m from the FAD.
aggregating around whatever object passed closeby.
even the divers. and later retuming to the proximity
of the FAD when the objecl moved further than 20
m from the same. Frequently. these individuals
swam to deep waters following the anchorage rope.
out of the visible range of divers (over 30. m).

The juvenile of Seriola spp. and Schedophilus
ovalis were solitary or constituted small loose
poups of 2-5 individuals (Fig. 6). Those smaller
than 10 cms. did not move away from the refuge of
the submerged structure of the tloat. Juvenile of K.
sectator less than 15 cm long took refuge between
the hanging nets of lhe FAD. while larger specimens
were observed up to 20 m away. Aggregated juve­
niles (S-lO cm) and adults (30-50 cm) of S. ovalis
rernained a few centimetres under the tloat.

A male and two females of Coryphaena spp were
observed and video recorded during couningl
spawning around a FAO. This species W8.l¡ normally
observed. aggregated in small groups of under 15
individuals (Fig. 6).

The rouuna c:ommunity

The foulíng community of the FAOs was com­
posed of algae and ¡nvertebrales. especially Cirri­
peclia and Hydrozoans. The most abundant inverte­
brate was lApas tIIUltifera (Linné) which began the
coionization of the FADs two week after deploy­
ment and completed it after four months (colonizing
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the flotsam, nets and the rope). Between the hanging
nets of the FAD, colonized by hydrozoans and algae,
the amphipod Capre/lo acutifrons Latreille and che
crab Pkmes minutus (Linoaeus) were frequently
deteeted.

The most frequent algae were Hiucksia mitchel­
liae (Harvey) P.C. Silva, followed by Po/ysiphonÜl
myrioccoca Montagne and its epiphyte Audouinello
micl'Oscopica (Nlgeli) Woelkerling.

Fisb captures around FADs

Two hundred lons of tuna (K. pelamis and T.
aÚllunga) were caught in the vicinity of one FAD
between August and September 1996. These catch­
es had a market value of USS 323 thousand, thus the
cost of tbis FAD represented only 0.13% oí the
obtained catch value. During lhe 1995 and 1996
fishing seasons (from June to October), commercial
catehes of Katsuwonus pelamis around FADs fluctu­
ated between 200 and 7000 kg per fishing day and
per FAD. whilst lhe average catch was approximate­
ly 1000 Ieg. The catehes of Coryphaena spp. fluctu­
ated between 10 and 400 kg per fishing day and per
FAD, giving an average cateh of 100 leg.

DISCUSSION

During our observations, fish under or near the
FADs were generally juveniles belonging to eight
species and five families (although we registered
nine families and 1S species of fish). Seriolo spp.,
Naucrates ductor and Pseudocaranx denta were
the most common species.

In agreemenl wilh Rountree (1990), our observa­
tions indicated lhat seasonally regulated juvenile
fish availability, as a consequence of the natural
recruitment processes in the region. is apparently the
most imponant factor deterrnining FAD species
composition and abundance. MOsl of lhe species
registered around FADs in the Canary lslands spawn
during Spring or at the beginning of Summer (i.e.
carangids) (Fischer et al., 1981 >, so recruitment to
the arca peaks al the end of che Summer.

However, there are other factors which also seem
to have an effect. The abundance of the fauna under
FADs was affeeted by lhe deplh of the anchorage.
But, contrary to what we initially expected, the
FADs deployed in shallower waters showed a lower
biomass and a reduced number of aggregated
species. This result may be biased by che character-
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istics oí the shelf of the island (very narrow and
abrupt) wbere deeper ancborage areas are not far
enough from the shore when compared wilh shal­
lower ones. On the other band, floats undergo a mat­
uration process (Arenas el al., 1992) and it is possi­
ble that since older FADs are more completely colo­
nized by a fouJing community (algae. hydrozoans
and crustaeeans, hence available food resources),
they can support a higher aggregated biomass. and
with increasing maturity, the diversity of species in
the communities inereases. Nevertheless, lhe age of
FADs (immersion time) had no eft'ect on the aggre­
gated biomass. unlike lhe number of species aggre­
gated,which increased proportionately in the way
we expected.

As pointed out by Hunter and Mitchell (1968)
and Feigebaum el al. (1989) juvenile fish probably
congregate around flotsam looking for lhe shelter
that FADs provide. In general, lhe fish observed
around our FADs were distributed spatially in
accordance wilh lheir body siu, with the smaller
individuals to the FAD, talcing refuge between the
hanging net and the same. It is a150 possible lhat
fish found local high concentration of available
food under flotsam (Gooding and Magnuson,
1967) or around the FADs. Most of the natural
drifting devices (i.e. drift algae, limbs, etc) are car­
ried away by currents which come from places
where floats are frequently generated (i.e. a river
mouth or coastal areas) and introduced into the
pelagic environment (Hunter and Mitchell, 1967).
It is usually assumed that cUlTents carry away the
phytoplankton production from lhe region of its
forrnation into oligotrophic regions (Vinogradov,
1983). Concentrations of biotie structures are often
intensified by oceanographic fcatures, 5uch as
fronts (King5ford, 1993). So, some pelagic fish
species could associate drifting floats and the arca
around them with currents where larvae and juve­
niles will find suitable food availability during
their early Iife stages. This could explain the
observed courtinglspawning behaviour of Cory­
phQena spp. around FADs. We have also found
anomalous and significanl higher biomass of zoo­
planleton under several anchored FADs as com­
pared to the surrounding area (ANOVA P=O.03~

aulhors unpublished data) which could support lhe
hyphothesis proposed by Gooding and Magnuson.
This anomalous concentration of zooplankton may
be due to eddies generated by the interaction of
(Ioats and ropes of anchorage with the cUlTent (in
the same way as the current field around a boat in



agreemenl wilh: Lindquisl and Pietrafesa (1989».
However, lhis is an issue which needs confirmation
in further studies.

Mosl oC the species observed by divers under the
FADs in this study did not occur in sizes large
enough lO become attractive for fishing, except
CoryphatllQ spp. and possibly N. ductor. However,
FADs aggregate baitfish which are thought to attract
other species of higher economic value into the gen·
eral area (Rountree, 1990). .
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Abstraet. We have compared historical data from the Nimbus-7 Coastal Zone
Color Scanner (CZCS) with recent in siC'" measurements at the European Station
for Time-Series in the Ocean, Canary Islands (ESTOC). CZCS data show an
annual winter phytoplankton maximum in January but with a large interannual
variation. In sediment traps moored at ESTOC we observed winter sedimentation
peaks at lOOOm and 3000m depth occurring about 1 month later. We also
observed sedimentation peaks in other seasons which probably result from mat­
erial advecting into the region. CZCS data suggest that one possible source is the
Cape Ghir upwelling filament off the north-west African coas\.

l. Introduction
The European ~tation for Time-Series in the Ocean, Canary Islands (ESTOC)

is situated approximately 100 km north of the island of Gran Canaria in the Canary
Islands region (coordinates 29°07' N, 15°27' E) (Llinas et al. 1994, Neuer and Rueda
1997b). A major purpose of the station is to investigate biogeochemical cycles in this
region with the aim of providing insight into the processes controlling the flux of
carbon and associated elements in the ocean on seasonal and interannual time scales.
As part of these investigations sediment traps have been moored at ESTOC since
December 1991 at 1000 m and 3000 m depths (Neuer el al. 1997a). Although ESTOC
is almost 400 km from Cape Yubi, the nearest point on the north-west African coast,
it was recognized from the outset that the station would probably be influenced by
coastal upwelling effects (Wooster el al. 1976, Speth and Detlefsen 1982).

Several studies of the north-west African upwelling region using remote sensing
data have becn peñormed (Nykjaer 1988, L1inas el al. 1989, Van Camp el al. 1991,
Nykjaer and Van Camp 1994). These investigations have concentrated on identifying
the major characteristics of the entire upwelling region and in particular the relation­
ship between shelf sea surface temperature (SST) and large-scale winds using the
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Nimbus-7 Coastal Zone Color Scanner (CZCS), the Advanced Very High Resolution
Radiometer (AVHRR) sensors of the National Oceanic and Atmospheric Admi­
nistration (NOAA) satellite series and wind data from the European Centre for
Medium-Range Weather Forecasts (ECMWF). These studies here also eonfirmed
the existence of several coastal upwelling filaments and investigated the factors
influeneing such filament growth.

For the Canary Island region, CZCS data and AVHRR SST measurements have
been used to identify charaeteristic pigment panerns and their relationship with
in situ chlorophyll/temperature data. Hernández-Guerra el al. (1993) and Arístegui
et al. (1994) identified two difTerent phytoplankton pigment panerns in the ocean
surrounding the islands: large upwelling filaments (up to 300 km long) extending
from the Afriean coast and lee filaments (up to 100 km) and cyclonic eddies (60-80 km
in diameter) probably caused by the disruptive effect of the Canary Islands on the
Canary current.

To gain some understanding of the long-term surfaee biological activity to be
expected at the ESTOC position we first investigated the seasonal and interannual
phytoplankton pigment coneentration using historieal data from the CZCS. Although
CZCS observations cover the period 1979-1985, the pigment patterns are unlikely
to be significantly different to reeent in situ data. We eompared the pigment concen­
tration derived from CZCS data with ESTOC sediment trap observations and in situ
chlorophyll measurements to determine ir the historical data could aid in interpreta­
tion of reeent in situ measurements. We then investigated the effects of coastal
upwelling at ESTOC using CZCS data and in particular the role of filaments in
transporting material into the Canary Islands region.

2. Regional setting
The Canary Islands are located in the north·east Atlantic Ocean between 100 km

and 600 km off the north·west African coast. They lie on the path of the weak. south­
westwards flowing Canary Current, which is an eastern branch of the North Atlantic
subtropieal gyre (Stramma 1984). The ESTOC station lies about 100km north of
the island of Gran Canaria; the water depth is 3500 m (figure 1).

The north-west African coastal upwelling is a major feature of the region.
Upwelling of cold, nutrient-rich North Atlantic Central Water (NACW) originating
from depths not exceeding 200-300 m (Mittelstaedt 1986) is confined to a relatively
narrow 50-70 km coastal bando The upwelling intensity is in general correlated
with the position of the Azores High which migrates northwards during spring
aOO summer, reaehing its most northerly position in July-August. North of 25" N
the upwelling is most intense in summer and autumn (Wooster el al. 1976,
Mittelstaedt 1991).

A characteristic feature of coastal upwelling is the regular development of filament
structures at specific coastal positions sueh as Cape Ghir, Cape Yubi and Cape
Bojador. These filaments may extend several hundred kilometres otTshore. Nykjaer
(1988), for example, reported that the Cape Ghir filament has a length seale of
100-300 km, a width of lO-50 km and remains stationary over several weeks.
Filaments are visible in AVHRR SST images as cold tongues and meanders and in
CZCS data as regions with enhanced pigment coneentration eompared with ambient
levels often showing complex mesoscale eddy structures at the otTshore end. The
main factor promoting filament growth appears to be favourable high wind stress
(Van Camp el al. 1991). Nevertheless other factors must be eonsidered, as it has
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Figure l. Location of the ESTOC in relation to the Canary Islands and the nórth·wesl
African coast. The shaded square directly norlheast of ESTOC is the source box for
material sinking to the IOOOm trap. The shaded rectangle west of Cape Ghir is the
area chosen to monitor the pigment concentration of the Cape Ghir fiJament.

been shown for Cape Ghir that there is a 3-month phase lag between the onset of
the maximum Trade Winds in summer and the time of the most intense upwelling
(Nykjaer and Van Camp 1994); irregularities in bottom topography may modulate
coastal upwelling in this case. The Cape Yubi and Cape Bojador filaments can have
an influence on the Canary Islands (Hernández·Guerra et al. 1993). In general
though these effects are observed east and south of the islands as enhanced pigment
features. There are no published data regarding possible effects of the Cape Ghir
filament on the Canary IsJand region.

3. Data and methods
To compare phytoplankton pigment concentration derived from CZCS data at

the ESTOC position with recent in situ measurements, we first identified a possiblc
source region for material sinking to the traps. Deuser el al. ( 1990) argued that it is
impossible to know the size and shape of a potential source region for material
sinking to a deep-sea trap. Instead it is only possible to match sediment flux
measurements at the trap with average pigment concentrations over a fixed surface
area of crudely estimated size and arbitrary shape. Therefore, for this study, a square­
shaped source region was chosen which has the advantage of simplifying the image
processing.
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The size and position of the source box for particles sinking to the l000m trap
was determined using the Canary Current speed and direction, the mean eddy kinetic
energy over the sinking depth of the particles and a typical particle sinking rate
(Deuser el al. 1990, Siegel el al. 1990). We ignored the 3000m trap because this
approach is not applicable to such deptbs given the complex vertical current structure
and partiele life eyele. Sinee the Canary Current geostropbie flow is south-westwards
(Stramma 1984), it was assumed that the most likely souree region was to the north­
east of the ESTOC. In tbe region of the Canary Islands, moored observations show
that the mean geostrophic current over one or more years at 200 m water depth can
reach speeds up to 4-5 cm S-I (Siedler and Onken 1996). At ESTOC current speeds
as measured by a continuously recording INFLUX current meter positioned 20 m
below the l000m trap ranged from 3-15cm S-I but were mostly below IOcm S-l.

Since for tbis study We used monthly composite CZCS data, a range of 5-10cm s - 1

was taken as most representative of the current speed. For the eddy kinetic energy
we took a value of 10em2 s - 1 for depths between 100m and 2000 m (Dickson 1983).
The rate at which particles sink is very much dependent on the nature of the particle
(Siegel el al. 1990). Ultraplankton for example sink at <O.l-2m d- 1 (Bienfang
1980), algal auregates at 40-150 m d- 1 (Smetaeek 1985) and mesozooplankton fecal
pellets at 20-900 m d- 1 (Fowler and Small 1972). For the ESTOC lOOOm trap
during peak fluxes in March 1992 and January and February-Mareh 1993, carbonate
contributed between 44 and 55% to the total flux (Fiseher el al. 1996). Microscopic
observations showed large numbers of coccolithoporids in the trap samples which
dominated the carbonate flux in the late winter to ear1y spring sedimentation.
Beeause of their small size, coccolithophorids must be transported to the depths via
aggregates (Honjo 1982) or in fecal pellets (Honjo 1978). Indeed at ESTOC meso­
zooplankton fecal pellets have been visually observed to be packed with coccoliths
during periods of high particle flux and may constitute up to 26% of the total flux
(Fiseher et al. 1996). Hence for this study we assumed loomd- I as a reasonable
value for the sinking rate of trap particles. It then follows that for a particle to sink
to the 1000 m trap within 10 days, the maximum distance ofthe source region cannot
exceed lOOkm (Siegel et al. 1990). Therefore a source box lOOkm x 100 km was
chosen north-east of the ESTOC position (figure 1).

CZCS is a multispectral scanner using six ehannels at 443, 520, 550, 670,
700-800 nm and 10.5-12.5 Jlm of whieh the first four were seJected to measure the
upwelled radiance from the ocean surface. Extraction of valid chlorophyll data from
the sensor-measured radiance is a eomplex process as the ocean upwelled radianee
is usually less than 10% of the total signal; atmospherie corrections have to be made
for both Rayleigh and aerosol seattering (Sturm 1981, Bricaud and Morel 1987,
Gordon et al. 1988). For this study we analysed monthly composite images from
CZCS data for the period 1979-1985 froro the Ocean Colour European Archive
Network (OCEAN) level-3 database for north-west Afriea supplied by the loint
Research Centre, Ispra, Italy. Level-3 data provide final pigment coneentration values
(in mg m -3) for each valid image pixel. The pixel size is about 1 x 1km2. The error
in the absolute pigment concentration compared with in situ concentration measure­
ments up to 1983 is a factor of two, Le. for a measured pigment value of 0.5 mg m- 3

then the true value may be between 0.25 and 1.0mg m- 3• For post-1983 data, when
degradation in the CZCS 443 nm channel was more than 40%, the error in measured
pigment concentration may be up to a factor of three (Sturm, personal communi­
cation). Non-valid pixels represented c10uds or missing data. Monthly composite
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images rather than daily images were chosen as these are better suited to comparison
with trap data which had a time resolution of 8-21 days. For each month the av~erage

pigment concentration was calculated using all valid pixels in the source box. The
derived average pigment concentration was rejected if the source box contained less
than 20% valid pixels.

We deployed cone-shaped multisample sediment traps (Kiel Aquatec) at l000m
and 3000 m depth. These traps are similar in shape and aspect ratio to the Mark V
traps described by Honjo and Doherty (1988). For this study we used the total
particle flux observed in the traps measured in mg m - 2 d - l. The deployment data
are shown in table 1.

In s;tu concentrations of chlorophyll-a were determined by sampling 2-31 of sea
water, filtering onto OF/C filters and freezing for laboratory analysis. The filters
were later extracted in 90% acetone and chlorophyll-a concentration was measured
spectrophotometrically.

We also investigated the seasonal activity of the Cape Ghir filament by performing
a similar analysis of the CZCS data as for the ESTOC region, only this time the
source box was SO x 200 km2 with the centre point about 100 km off Cape Ghir
(figure 1). Visual examination of the images derived from CZCS data showed that
such a box will 'see' most of the filament activity associated with Cape Ghir. This
source box is sufficiently far from the coast not to inelude turbid Case 2 waters ror
which there was no valid atmospheric correction.

4. Results
4.1. Pigment concentrat;on

Figure 2 shows the average monthly phytoplankton pigment concentration for
1979-1985 ror the source box north-east of the ESTOC. Data are missing for nine
out or 84 months (all in MaY/June/July or August) due to cloud cover or the CZCS
being non-operational. A prominent peak was observed annually in January and
this is interpreted as the winter bloom signal. There were large interannual variations
in this winter peak with a maximum value of 0.19 mg m -3 observed ror December
1979-February 1980 compared with a maximum of 0.05 mg m - J ror December
1981-February 1982. For other seasons only one further peak event occurred in
August/September 1980 with a maximum value or 0.06 mg m - 3. The lowest annual
pigment concentration, at about 0.03 mg m -3, was observed each year in summer.
This value is the typical minimum pigment concentration observed in czes data
for open ocean waters off north-west Africa.

Figure 3 shows the recent in situ chlorophyll concentration as measured at the
ESTOC for 1994. Maximum chlorophyll concentrations between Oand 25 m depth,
reflecting the annual late winter/early spring bloom. probably occurred in February

Table 1. Sediment trap mooring periods at the ESTOC.

Mooring no. Period
Total deployment Sampling interval

time (days) (days)

CI 1
CI 2
CI3
CI4

25 November 1991 to 25 September 1992
1 October 1992 to 9 April 1993
12 April 1993 to 7 June 1994
9 June 1994 to 2 September 1994

305
190
430

86

15
10
21
8
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Figure 2. Average monthly phytoplankton pigment concentration for the ESTOC source
box derived from ezes data for the period 1979-1985. Note the pronounced but
highly variable annual winter bloom peak in January (the first data point for each
year) and the lack of peaks in other seasons (except for the low peak in August 1980).

(data interpolation) with a peak value between 0.25 and 0.3 mg m' 3. In
springjsummer the chlorophyll maximum was observed to sink to lOO m depth and
the near-surface concentration was 0.05 mg m - 3. In autumn the surface concentration
increased to 0.15 mg m - 3.

4.2. Sediment trap total particle fluxes
Figure 4 shows the total particle flux measured in the. 1000 ro and 3000 m traps

for the period December 1991-August 1994. A full dataset is only available for the
3000 m trap. For the 1000 m trap no data were available for the period August 1993
to May 1994.

At 3000 m the particle flux was observed to be highly seasonal with the highest
flux recorded in late February-early March. This late winter peak showed large
interannual variations, e.g. a flux of 118 mg m - 2 d - t in 1994 and 188 mg m -' 2 d - t

in 1992. During winter 1993 three distinct maxima were observed. Besides the late
winter peak additional sedimentation events were observed in other seasons. For
example, peaks were observed in July 1992, October 1992, May/June 1993 and
JulY/August 1994. None of these events reach the flux levels seen in the winter peaks
(Neuer et al. 1997a).

At 1000 m depth the late winter sedimentation event was also observed for t992
and 1993 and the same three distinct peaks were seen in 1993. The flux for 1992 was
only sorne 25% of that recorded in the deep trap, while in 1993 it was about 70%.
Similar peaks to those observee;t in the 3000 ro trap at other seasons were also
observed at 1000 m but again with lower total flux levels (Neuer et al. 1997a).
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Figure 3. In situ chlorophyll concentration at the ESTOC Cor 1994. Note that the time axis
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Figure 4. Total parlicle flux Cor lhe period December 1991-Augusll994 observed in sediment
lraps moored at the ESTOC. Note the pronounced sedimentation evenl al 3000 m in
February/March each year and lM additional sedimentation evenls observed in olher
seasons. Also note that some oC these events are also observed in the l000m trap, bul
always with lower lotal flux levels.
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4.3. Cape Ghir filament-seasonal and interannual phytoplankton pigment
concentratíon

Figure 5 shows the monthly average phytoplankton pigment concentration from
CZCS data for Cape Ghir over the period 1979-1985. As at the ESTOC location,
an annual winter bloom was observed with peak values in January, but the peak
values were much higher at Cape Ghir than at ESTOC. For example, a phytoplank­
ton pigment concentration of 0.5 mg m - 3 was observed in January 1980 at Cape
Ghir compared with 0.19 mg m - 3 at ESTOC. In other seasons additional peaks were
clearly visible in most of the 7 years. One peak event was observed repeatedly in
September/October for aH years except 1979 where it appeared to be merged with
the broad winter bloom. The other non-winter bloom peaks showed no obvious
annual cycle. They were observed in April 1979, June 1979. August/September 1979,
July 1980 and May 1984.

5. Oiscussion
5.1. Comparison between phytoplankton pigment concentrarion derived from CZCS
dala and in situ ESTOC chlorophyll measurements

In order to compare the CZCS data with the in situ chlorophyll data we restricted
the latter to 0-25 m depth. This is assumed to be the maximum optical depth for an
ocean colour sensor in oligotrophic waters.

The peak winter bloom occurs in January/February in the CZCS data and in
February in the in silU ESTOC data, but the ESTOC interpolated peak concentration
is somewhat higher at 0.25-0.3 mg m - 3 compared with the largest value of 0.19 mg
m - J in January 1980 from CZCS data. In spring/summer the lowest concentration
measured at ESTOC is about 0.5 mg m - 3 compared with 0.03 mg m - 3 for CZCS.
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Figure 5. Average monthly phytoplankton pigment concentration in the Cape Ghir region
derived from CZCS data for the penod 1979-1985. The annual peak in Scptember/
October correlates with the onset of maximum upwelling ror this region (Nykjaer and
Van Camp 1994).
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Figure 6. Schematic iIIustration of relationship between near-surface phytoplankton bloom

and particle ftuxes measured by a deep-sea sediment trap array. (a) Traps located
dire<:tly below the bloom. (b) Traps located to the side of the bloom (redrawn from
Siegel et al. (1990)).

The peak event ofO.06mgm- 3 observed in August 1980 in the CZCS data may be
the result of pbytoplankton development in tbe mixed layer as seen at tbe ESTOC
station in autumn 1994 when the surface chloropbyl1 concentration increased to
0.15 mg m -3. Interpretation of CZCS data should be treated with caution though,
given the errors in ehlorophyll values derived from the OCEAN level-3 data.
Nevertheless since tbe patteros of annual eycles are the same in both sets of data we
eonclude that the CZCS observed annual eycle is valid.

5.2. Comparison between CZCS data and sediment trap observations: the winter
bloom

The peak winter bloom in January/February as observed in the historieal ezes
data (figure 2) occurs about 1 month earlier than the peak particle flux observed in
the sediment traps (figure 4). Given the complex biologieal and physical processes
involved in the export of material from the euphotie zone to the deep ocean it is not
obvious that a surfaee bloom will somehow result in a sedimentation event as
recorded in the traps. However, we offer the suggestion that both events are strongly
coupled. The l-month time delay between a surface bloom and a peak sedimentation
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Figure 7. Phytoplankton pigment concentration from the Nimbus-7 CZCS for (a) 6 November 1981 and (b) 19 October 1980. Notice in (a) that the
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event rather than the 10 days assumed earlier for a typical trap particle probably
represents the delay between a peak phytoplankton bloom and the onset of zooplank­
ton grazing and subsequent fecal pellet production. Indeed these observations can
also be compared with those of Deuser et al. (1990) who observed a 1.5-month phase
lag between surface phytoplankton blooms and sedimentation events in a trap at
3200 m depth in the Sargasso Sea.

5.3. Comparison between CZCS dmu and sediment I,UP observalions: olher seasonu/
peaks .

The absence of ehlorophyll pe,ks outside of the winter bloom over 7 years of
ezcs data (except for the single ~k in August J980) contrasts sharply with the
peaks recorded in the traps over 3 Years. Combining this faet with the observation
that for concurrent peaks in both traps, the 3000m fluxes are always higher than
those in the lOOOm trap strongly suggests that these trap sedimentation events are
not eonnected with sudace blooms in the ESTOC region. We rejected the possibility
of bottom sediment resuspension partly because the lower trap was moored 500 m
aboye the oeean ftoor but, more convineingly, because the same events are seen in
the upper trap which is 2S00m above the bottom.

We suggest instead that material is laterally advecting into the ESTOC region.
Figure 6 (adapted from Siegel el al. 1990) shows conceptually how a trap not Iying
directly under a sudace bloom but instead to One side may result in the observation
of more material in the lower than in the upper traps. Although we believe this is a
possible explanation for the trap results, the absence of peaks outside of the winter
bloom in the CZCS data indicates that sueh material must be coming from surfaee
events > lOOkm distant. In determining the síze ofthe source square we assumed a
constant partiele sinking rate and eddy kinetie energy. Siegel tt al. (1990) point out
though that the physicaJ state of a particle may ehange considerably with depth
through aggregation, break-up. consumpti~n and transformation processes. The
residence time in the deep ocean may therefore be signifieantly inereased thus
inereasing the spatíal averaging scale. In particular slowly sinking allregates
(1 35m d - 1 (Asper 1987» would have length scales of 1OO-Soo km for a 1000 m
trap (Siegel et al. 1990). Also. sínce we are considering a reJion inftuenced by the
Canary Current, particles will be subjeet to higher eddy kinetic energy near the
surface than the value assumed above and hence the spatial averaaing seale will also
be ¡ncreased. It therefore seems plausible to investi¡ate possible souree regions for
ESTOC trap·material that are more than lookm distant.

5.4. Upwelling eJJecu on the Canar)' IslaM re,wn
Three possible sourcesof upwelling in the Canary Island region can be considered:

the Cape Yubi andeape Ohír filaments on the African coast (Nykjaer 198H.
Van Camp el al. 1991)and filaments resulting from upwelling off the north-west
coast of Fuerteventura in the Canary Islands (Real el al. 1981, Molina and Laatzen
1989). The Cape Bojador filament is nol considered because it is too far south and
appears only to alfect the region south of the Célnary Islands (Hernández-Guerra
el ,,/. 1993).

We first consider the Cape Yubi tilament. Figure 7((1) is an image derived from
ezes data for 6 November 198 J and shows a well dcveloped Cape Yubi filament
structure. It consists of two pa·rts: one filament strctching almost 200 km north­
westwards to the island of Lanzarote and a sc<.:ond stretehing westwards to


