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ABSTRACT

Ecuador has a high diversity of ecosystems in its coastal and marine territory with beaches, bays, estuaries, cliffs,
coastal lagoons and rocky coasts being the most representative. So far, 1,859 marine species have been identified in
Ecuador. Of these, 1380 species of non-commercial marine invertebrates and vertebrates, belonging to 8 Phyla and
distributed in 25 groups or classes, occur along the coast of Ecuador. These are: Protozoans, 9 groups. Oceanic and
estuarine Diatoms, Cyanophyta, Chlorophyta, Dinoflagellates, Coccolithophorida, Silicoflagellates, Euglenophyta,
Tintinnids and planktonic and benthic Foraminifera; Cnidaria, 2 classes: Hydromedusae and Scyphomedusae; Mol-
lusca, 5 classes: Wood-boring molluscs and rock-boring and benthic bivalves, Gasteropoda: (Thecosomatans, Ptero-
pods, Heteropods and benthic species, Polyplacophora, Scaphopoda and Cephalopoda); Annelida, 1 group: benthic
Polychaeta; Arthropoda, 1 class: Crustacea (Cirripedia, Anomura, Brachyuran, Euphausiids); Chaetognatha, 1 group;
Echinodermata, 4 classes: Asteroidea, Ophiuroidea, Echinoidea and Holothuroidea; Chordata, 2 classes: Marine mam-
mals and birds. Both the biodiversity of the meiobenthos of the Gulf of Guayaquil and that of the inter-tidal zone are
presented. The 479 demersal species of commercial importance are grouped in 4 Phyla (Chordata, Arthropoda, Mol-
lusca, and Echinodermata), 41 orders, 143 families and 258 genera. The phylum Chordata represented by fish is the
most diverse group on the coast with 270 species from 142 genera, 63 families, and 22 orders, the order Perciformes
being the best represented with 143 species. Molluscs form the next biggest group with 110 species. In general, the
biggest biodiversity of species seems to be in the Gulf of Guayaquil, the main estuary of Ecuador. However, this may
be because that area has been better studied than the others. The work presented is mainly the result of research carried
out by Equatorians and thus cannot be claimed to include the whol e of the current information about marine biodiversity
in Ecuador.

Kevworps: Biodiversity, pelagic, demersal, benthic, Gulf of Guayaquil.

RESUMEN

Ecuador tiene una diversidad alta de ecosistemas en todo su territorio marino-costero donde las playas, bahias, estua-
rios, acantilados, lagunas costeras y las costas rocosas son los de mayor representatividad. Hay un total de 1.859
especies marinas que han sido identificadas para Ecuador, que incluye especies comerciales y no comerciales. Se
conoce que 1.380 especies de invertebrados y vertebrados marinos no comercial es pertenecen a 8 Phyla, 1os cuales han
sido reportados para € Pacifico ecuatoriano, distribuidos en 25 grupos o clases de organismos que son: Protozoos: 9
grupos: Diatomeas oceanicas y estuarinas, Cyanophyta, Chlorophytas, Dinoflagelados, Coccolitophorida,
Silicoflagelados, Euglenophyta, Tintinnidos, Foraminiferos planctonicosy benténicos, Cnidaria, 2 clases: Hydromedusas
y Scyphomedusas; Mollusca, 5 clases: Bivalvos (Bentonicos, perforadores de maderasy rocas), Gasteropods (Pterépodos,
Thecosomadosy Heterépodos), Poliplacophora, Scaphopoday Cephal opoda; Annelida, 1 grupo: Poliquetos bentdnicos;
Arthropoda, 1 clase: Crustacea: (Cirripedia, Anomura, Brachyuran, Euphausiacea); Chaetognatha, 1 grupo;
Echinodermata, 4 clases: Asteroidea, Ophiuroidea, Echinoidea y Holothuroidea; Chordata, 2 clases. Mamiferos y
aves. Las 479 especies demersales registradas se agruparon en cuatro Phylum (Chordata, Arthropoda, Mollusca y
Echinodermata): 258 géneros, 143 familiasy 41 érdenes. El Phylum (Chordata) representado por los peceses el grupo
mas diverso en lacostacon 270 especies, agrupadas en 142 géneros, 63 familiasy 22 6rdenes, siendo el 6rden Perciformes
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el mésrepresentativo con 143 especie. El registro de 479 especies para cuatro subareas permitié determinar lapresencia
de cada especie, asi como el de los géneros, familias, y 6rdenes para el phylum en cada subérea. De los cuatro phyla
considerados en este estudio, los peces y 1os moluscos corresponden a los grupos mejor representados en la costa del
Ecuador, con unariquezade 270y 110 especies, respectivamente. En general 1a biodiversidad mas grande de especies
se encuentra en el Golfo de Guayaquil, € estuario principal del Ecuador. Sin embargo es necesario indicar que este
ecosistemna ha sido e més estudiado en relacién con los otros, razén por la que, probablemente, subestime alos otros

ecosistemas.

PaLABRrAS cLAVES: Biodiversidad, pelégico, demersal, bentdnico, Golfo de Guayaquil.

INTRODUCTION

Ecuador has a high diversity of marine ecosystems;
beaches, bays, estuaries, cliffs, coastal lagoons, and
rocky coasts are the most typical (Gabor 2002). They
provide not only habitatsfor awide range of biotabut
also other types of marineresources. Thereisagreat
variety of fish, crustaceans, mollusks, and algae as
well as numerous invertebrates and microorganisms
which co-exist in harmony, in spite of the disparate
characteristics of each species or group.

Knowledge about these marine and coastal speciesis
of great importance, especialy as they are often ex-
posed to exceptional plankton blooms and subject to
high environmental variability caused by natural phe-
nomena such as El Nifio and La Nifia. Information
about the diversity of marine organisms in Ecuador
had been very limited but, in the last few years, the
scientific community has recognized it as a high-pri-
ority and this has led to new, upgraded revisions of
the taxonomy of the various groups.

Studies of commercial marine species in Ecuador
began in 1960 when the National Fisheries Ingtitute
(INP) started an evaluation of the commercial fisher-
iesin the Ecuadorian Sea. Later, with the creation of
the Oceanographic Ingtitute of the Navy (INOCAR)
and the graduation of thefirst group of biologistsfrom
the Faculty of Natural Sciences, bothin 1972, marine
research, initially mainly on phytoplankton, primary
productivity, and zooplankton, began.

The first studies involved the taxonomy of diatoms,
dinoflagellates, silicoflagellates, coccolithophorids,
tintinnids, planktonic, and benthic foraminifera,
chaetognatha, euphausiids, and benthic mollusks.
Later, these were extended to include benthic poly-
chaetes, marine copepods, Pteropods, Heteropods, and
wood and rock boring mollusks. Research on many
of these groups present in the Gulf of Guayaquil was

carried out by doctoral students at the University of
Guayaquil.

Few studies have been madein Ecuador with the spe-
cific objectiveof obtaining dataon marinebiodiversity.
Existing information is limited and dispersed. Most
of the research carried out by the National Fishing
Institute has been directed towards demersal and pe-
lagic fish resource assessments from surveys of the
abundances and distributions of the main species of
fishinthe shelf and dope areas of the continental and
insular coasts of Ecuador. Cobo & Massay (1969) re-
ported the presence of 344 species of fish distributed
in 206 generaand 92 families. Later on, 419 speciesof
commercia fish (244 genera, 111 families) wereidenti-
fied by Massay (1983). Mora(1990) identified 23 spe-
ciesof mollusksof commercial importancefrom 114
species of bivalves found in Ecuador. Thereare aso
17 speciesof crustaceanswith high commercial value
(Correa1993).

A recent study done in the Gulf of Guayaquil has
shown that demersal speciesvary with depth (Chalén
& Sandoval 2002). Also in this Gulf, 14 groups of
estuarine meiobenthos from the phylum level to cer-
tain groups at the class level were reported. Others,
at the order level, will require more specialized and
expensive methodol ogy for their identification (Cruz
1998).

In the Galapagos Idlands, most of the research at
the Charles Darwin Research Station (ECCHD) has
focused on terrestrial biodiversity. Of the marine
biota, the vertebrates are the best known because of
their commercial value. Few studies on marine
invertebrates have been made, such as black coral
and the sea cucumber Stichopus fuscus, as well as
of some mollusks, echinoderms and, recently,
crustaceans.

The present paper provides a reference base of the
diversity and distribution of marinefish, crustaceans,
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mollusks, and echinodermsfound in Equatorian wa-
tersand, thus, afoundation for future zoogeographi-
cal studies. It gathers together the results of ma-
rine biodiversity reported by foreign scientists as
well as by Equatorians working in the main na-
tional researchinstitutes. Among thesearethe Fac-
ulty of Natural Sciences at the University of
Guayaquil, which does studies on marine
biodiversity in the inter-tidal zone; the National
Fisheries Institute (INP) that studies both marine
and freshwater resources, and the Oceanographic
Institute of the Navy (INOCAR), which carries out
research on all aspects of oceanography in the
Equatorian waters, mainly around the Galapagos

Islands. It is hoped, that this paper represents a
referential framework for extending our knowledge
in the future.

A. OCEANOGRAPHY AND CURRENT ASPECTS

The Pacific Ocean off the coast of Ecuador ischarac-
terized asan area of transition between thewarm, low-
sdinity tropical water to the north and the cold, sa
line, subtropical water of the Humboldt Current to
the south off Peru. Between these water masses, there
is an area denominated the Equatorial Front with
strong thermal/salinity gradients which undergo
mearked seasond variations(Cucaon 1986) (Fig. 1).
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Ficure 1. The main currents and water masses which influence marine biodiversity off Ecuador.

Ficura 1. Las principales corrientes y masas de agua con influenciaen labiodiversidad frente a Ecuador.
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Additionally, the frontd area is characterized by the
periodica occurrence of “El Nifio”, the warm phase of
ENSO (El Nifio Southern-Oscillation). During this,
anoma oudy hightemperaturesareobsarvedintheupper
layer of theocean. Other changesintheocean-amospheric
sysemaredsoevident, many of which affect theprimary,
secondary, andtertiary trophiclevels, aswell asthecoastd
cimate. Itseffectsare Smilar to anintertidd increasein
sealevel caused by astorm (Arriaga 1997). An equaly
important eventisthat of “LaNifid’ whichischaracterized
mainly by seatemperatures that are below the mean
value and a'so has repercussions on the distribution
of both coastal and oceanic resources (Arriaga1999).

b. MARINE, COASTAL, AND ISLAND ECOSY STEMS

The richness of the marine biodiversity of Ecuador is
related to physical conditions that have already been
mentioned. The coastal zone receives run-off from
67 watersheds. Of these, 19 are considered to be the
most important (Stevenson 1981; Cucalon 1984). The
freshwater and nutrients from idand are fundamental
to the ecological processes that sustain the marine

biodiversity. Inaddition, though, therun-off transports
pollutants from terrestrial sources, which are
detrimental to the marine environment.

The Galapagos Idands are located 600 miles from
mainland Ecuador. There are 14 main idands and
many smaller ones that together make up the
Galapagos Province. Because of its volcanic origin
anditslocationinaconfluence zoneof currentsinthe
Pacific Ocean, the Ga apagos|dandshaveauniquedimate
and a unique flora and fauna. Their most important
characteridicisthebiodiversity of themarineervironmert.
The scientific history of the iands and the need to
conserve the existing ecosystemsarewell known. These
arebecause: 1) ther isolation from the continent al owed
localized evol utionary processestotakeplace, and 2) their
geographicd location isfavorablefor futureincreasesin
biodiversity.

The main ecosystems, which occur on the continental
coast as well as the Galapagos |dands are: mangroves,
estuaries, sandy beaches, cord reefsand coagtd lagoons.
Thelocationsof thevarioustypesof ecosystemin3zones
influenced by different oceanic current systems are
showninFig. 2.

Ficure 2. Types of ecosystems of Ecuador in 3 zones influenced by different oceanic current systems.

Ficura 2. Los tipos de ecosistemas ecuatorianos en 3 zonas influenciadas por distintos sistemas ocednicos de corrientes.
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The Mangrove ecosystem plays an important
social and ecological role along the coastal areas.
Eight species of mangroves are distributed along
a narrow band of the outer intertidal zone with
salt flats (‘salinas’) without vegetation in more
inland intertidal areas. Estimates indicate that,
in 1995, mangroveswere present along 13 estuaries
covering 149,579 ha; thiswas 22% lessthan in 1969
(Table I). The 121,464 ha of mangroves in the
Guayas province have been attributed to the
extensive drainage from the Guayasriver basin and
high rates of evaporation (Schaeffer-Novelli 1983).
The sea-ward intertidal zone is colonized by
mangroves of the Rhizophoraceae family with
Rhizophora harisonii on the perimeter of the
shoreline and amixture of other speciesjust inland
from this zone (Citron et al. 1981). Further inland
still is a mixed zone of Rhizophora and Avicennia
germinans, then amonospecific stand of Avicennia,
which yields eventually to shrubs or salt flats with
extremely hypersaline soil. A high tidal frequency

and river discharge create conditions suitable for
mangrove forests covering 1,857 hain the northern
provinceswith atreedensity (basal area) of 62.4 m?
ha'. This density exceeds that observed in
mangroves in Venezuela, Colombia, Malaysia, and
Puerto Rico (Citron 1981). Mangrove forests are
less dense in the southern provinces of Ecuador
(Citron 1981), particularly those surrounding shrimp
ponds (Snedaker et al. 1986).

The loss of mangroves from tropical estuaries in
Ecuador had adirect impact on economically impor-
tant fisheries due to the decrease in habitat and
food supply. Zimmerman & Minello (1989) found
that Litopenaeus vannamei and L. stylirrostris in-
habit the mangroves in the Estero Salado, but it is
not known whether it is the survival or growth of
these and other marine organisms, which these habi-
tats enhance. Without further information on the
degree of dependence of shrimp larvae and other
marine fauna on mangroves for parts of their life
cycles, the effect of mangrove clearing on the natu-

TaBLE |. Surface areacovered by mangrovesin the estuaries of Ecuador (1969-1995). (Source: Arriaga1999).

TaBLA |. Areasuperficial cubierto por mangles en |os estuarios ecuatorianos (1969-1995). (Fuente: Arriaga 1999).

Estuaries 1969 1984 1987 1991 1995
Cayapas 23677 23,650 23508 22,863 21,948
Colope 3] PA] PA] 2 2
Atacames 2 2 2 2
Muisne 3282 2,702 2446 1,340 831
Cojimies 13124 9917 8467 6,029 3652
Pedernales 0 0 0 0 0
Jama 40 40 3 2%
Canoa 0 0 0 0 0
Bricefio 7 0 0 0 0
Chone 3973 1,673 1,040 78 32
Gilses 8 8L 8L 8L 8L
Colonche 144 124 144 142 129
Golfo de Guayaquil 159,033 143870 139,355 130,701 122438
Total 203,625 182,157 175,157 162,064 149570
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ral populationsin the Guayas River Estuary will re-
main unknown. Mangrove destruction may aso have
anindirect effect on fisheriesby changing water qua-

lity.

C. PELAGIC MARINE DIVERSITY

TasLE |I. Number of known pelagic speciesof from Ecua
dor.

TasLA Il. Cantidad de especies pelégicas conocidas en
Ecuador.

Group Nr. spp.  Group Total
A total of 601 species of pelagic organisms have D.iatoms 2%
been identified in the Equatorian Sea. Of these, 536~ Dinoflagellates 103
correspond to unicellular organismsrepresented by Tintinnida 50
9 groups or taxa (Table I1). Diatoms (295 species) Coccolithophorida 37
are the mc_)st abundrf\nt (Fig. 4), _182 specie;s bei ng Cyanophyta 18
oceanic (Fig. 5) (Jiménez 1983) with Pseudonitzschia . -
N . L Planktonic Foraminifera 17
delicatissima and Planktoniella sol predominating N
(Fig. 6) (Torres& Tapia2000). Thereare 113 species  Slicoflagellates 7
of estuarine diatoms, the diatom Chaetoceros  Chlorophycea 6
affinis being most dominant in the Gulf of Euglenophyta 3
Guayaquil (Fig. 7) (Tapia2002). In thisecosystem, Pelagic protozoa 536
there are also 18 species of Cyanophyta, of which Med
. . . . . usae 16
Oscillatoria cortiana is the most abundant (Fig. 8) N h
(Tapia2002). Cl aetogr.1at a 16
The Dinoflagellatesaremade up of 103 species(Fig.  Euphausiacea 14
9) (Pesantes & Pérez 1982), Blefarocysta Pteropoda 10
splendormaris and Goniodoma polyedricum being Heteropoda 5
:hi mc_Jcsj;t common (Fit?ad 1bO) E_S;)I’orres_ 2083). TlT)e Cephalopoda 4
intinnids are represen y 50 species (Fig. _
(Zambrano 1983), with Epiplocyloides reticulata Pelag_'CMetazoa &
the most dominant (Fig. 12) (Torres 2002). Pelagic Total 601
2 r~
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Ficure 3. Oceanographic stations studied from 1988.
Ficura 3. Estaciones oceanograficas estudiadas desde 1988.
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CLATOMS 31.9 %
BENTHOMNIC
FORAMIMIFERA 25.8 %

EUGLENOFITA 0.5%
CHLOROPHYTA 1.1
SILICOFLAGELLATES 1.2

PLANKTOMIC

FORAMINIFERA 3.0%

CYANOPHYTA 3.2 %
COCOLITHOPHORIDA 6.5 %
DINOFLAGELLATES
18.1 % TINTINHIDA 8.8 %

Ficure 4. Principa groups of 683 species of marine unicellular organisms from the Equatorian Pacific to Oct/2002.

Ficura 4. Los principales grupos de las 683 especies de organismos marinos unicelulares del Pacifico ecuatoriano
hasta octubre del 2002.
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Diatoms  Cyanophytas  Clorophyta

Ficure 5. Species (206) and Genera (98) of marine phytoplankton from the Equatorian Pacific. Oct/2002 (Jiménez
1983).

Ficura 5. Las especies (206) y géneros (98) de fitoplancton marino del pacifico ecuatoriano. Oct./2002 (Jiménez
1983).
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PSELDONTZSCHIA
DELICATISSIMA 30°%

LOWGISSIMA 4%

RHIZOSO LENIA HEBETATA T
RHZOSOLEMNA ACLIMINATA 8 %
STILFORMS 107 RHZOSOLEMA IMBRICATA B

Ficure 6. The most common oceanic diatoms from Equatorian Pacific, during the warm season (Torres & Tapia 2000).

Ficura 6. Las diatomeas mas comunes en el Pacifico ecuatoriano durante latemporada célida (Torres & Tapia 2000).

CHAETOCEROS AFFINS 0%

DNTYL LM

BRIGHTWELLN SKELETONEMA COSTATLM 5%

THALASSIOTRIX FRALUENFELDY 15%
COSCINODISOLS EXCENTRICUS 15%,

Ficure 7. The five most abundant species among 113 marine and estuarine diatoms from the Gulf of Guayaquil, Ecuador
(Tapia 2002).

Ficura 7. Las cinco especies més abundantes dentro del13 didtomos marinos y estuarinos del Golfo de Guayaquil,
Ecuador (Tapia 2002).
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Oscillatoria corfiang
Oscilfatoria nigroviridis
Anagbaang sp.
Anabasna circinalis
Anabasnopsis 80,
Miecroscopora tumidida
Oesciffatorda tenuwis
Osciffatoria sp.
Fifarnernio sp.
Amphiplaura pelfircida
Chrococcus limneficus
Clostarium acerosum
Lyngbya gesfuarii
Soirogira varians
Spining sp.
Synedra goulardif
" fa o i
Tetrasdron lobatum

Ficure 8. Relative abundance of 18 species of estuarine Cyanophyta, from the Gulf of Guayaquil (Tapia 2002).

Ficura 8. Laabundanciarelativa de 18 especies de Cyanophyta, estuarina, del Golfo de Guayaquil (Tapia 2002).
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U T T I I

Dinoflageliates Cocolicphorida Silcoflagellales  Ewglenaphyia

Ficure 9. Species and genera of marine flagellate protozoa, from the Equatorian Pacific (Pesantes & Pérez 1982).

Ficura 9. Las especies'y géneros de los protozoos flagelados marinos del Pacifico ecuatoriano (Pesantes & Pérez
1982).
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Goniodoma
pofyedricum 16, 7%

L¥nophysis
ala 11.6%

Protfoperidinium
guamerense11.2%

Caratium tripos 10.3%

Bletarocysia
splendormaris 24.6%

Pyrophacus steinii 8%

Ceratium
pentagunum 8.5%

Ceratium furcavar furca 9.8%

Ficure 10. The eight most abundant dinoflagellates among 132 species from the Equatorian Pacific (Torres 2002).

Ficura 10. Los ocho dinoflagel ados mas abundantes de las 132 especies en € Pacifico ecuatoriano (Torres 2002).

140
120
100
80 63
60

40 29
20

SPECIES

n —
GENUS

I
Tintinida Bentonic

Planktonic

Foraminifara  Foraminifara

Ficure 11. Speciesand generaof marine Tintinnidaand Foraminiferafrom the Ecuadorian Pacific (Zambrano 1983).

Ficura 11. Las especiesy génerosde Tintiniday Foraminifero del Pacifico ecuatoriano (Zambrano 1983).

Planktonic foraminifera are used in Ecuador as
bioindicators of water masses. Seventeen species
have been identified (L uzuriagade Cruz 1976) and,
of these, Globocuadrina dutertrei, Globigerinoides
ruber, and G. sacculifer are the most dominant
during the dry season (Fig. 13).

Of the pelagic organisms, metazoarians exhibit the
highest diversity and abundance with Sagitta enflata

and S. popovicii predominating (Fig. 14) (Naranjo
2002). Another abundant group in the Equatorian
Sea are the jellyfish with 16 species (Figure 15)
(Segura-Puertas 1984). The Euphausiids with 14
species(Fig. 16) (Cornegjo de Gonzalez 1976) area so
important in the marine ecosystem with Euphausia
lamelligera and E. tenera dominating.

Five species of Heteropods are used as bio-
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Ettintinmes Ep.'l,mbc' voides
fususundae 22% reficulata 24.4 %

Cal Favella campanula 4.3%
catilifera 13.6% aﬁha _
apophysata g &%
Rhabdonella spiralis Epiplocylis undella 7.9%

1.1% Undella pistittum 9.2%

Ficure 12. The eight most abundant Tintinnidaamong 26 species from the Ecuador (Torres 2002).

Ficura 12. Los ocho Tintinida més abundantes de las 26 especies en Ecuador (Torres 2002).
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Ficure 13. Relative abundance of the planktonic oceanic Foraminifera (17 spp.), from Equatorian Pacific as found during
the month of December (Luzuriagade Cruz 1976).

Ficura 13. Laabundanciarelativa de foraminifera planctonicay oceanico (17 spp.) del Pacifico ecuatoriano en € mes
dediciembre (Luzuriagade Cruz 1976).
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S bedoti 9.3%
8. popovicii 8.4% Sagitta sp. 10.9%
5. enflafa 11.8%

S. brunni 0.8%

8. pacifica8.4%

% émfmr_ia?ﬂ.S%
. mini 4 "draco 1.
8. minima 8.4% s ;; @ﬁ;jffs %E%
5. robustaT.6% S négfgxcgﬁﬁ .
S. regularis T.6% 8. bipunctata 6.7%

5. peruviana 6.7%

Ficure 14. Relative frequencies of 16 species of chagtognathsin the Ecuadorian Pacific (Naranjo 2002).

Ficura 14. Lasfrecuenciasrelativas de 16 especies de chaguetognatos en el Pacifico ecuatoriano (Naranjo 2002).

[l Ectopleura sacculife
MEDUSAE [[] Zanciea costata Gege
B Lizzia gracilis (may)
[ Pandea =p.

[} Dipleurosoma pacific
[ Eucheiiota comata (B)
[[] Eucheilota menoni Kr
[ Phialopsis diegensis
[] Rhopalonema funerari
B Sminthea eurygaster
B Amphogoma apicata Kr
B Aegina citrea Eschsc
[] Pegantha clara R.P.

[ Pegantha martagon Ha
B Cunina globosa Eschs
[} Nausithoe punctata K

Ficure 15. Sixteen (16) species of medusae from the Equatorian Pacific (Segura-Puertas 1984).

Ficura 15. Dieciseis (16) especies de medusae del Pacifico ecuatoriano (Segura-Puertas 1984).
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indicators of water masses and of El Nifo
events; Atlanta gaudichaudi is the most
common (Fig. 17) (Cruz 2002). In the same
way, 10 species of the Pteropods,
tecosomates, are used as bioindicators of the
marine eco-system. Creseis virgula, is
dominant and it is always present indicating
the intrusion of oceanic waters near the
coast (Fig. 18) (Cruz 2002).

Four species of cephalopods have been
recorded in Equatorian waters. The most
abundant is the giant squid Dosidicus gigas
(Fig. 19) (Pacheco et al. 1994).

Small pelagic species of fish are distributed
from the Gulf of Guayaquil to off the coast of
the province of Manabi. There has been a
decline in the abundance and landings of
these commercial fish as well as in the
biomass of the sardine (Sardinops sagax),
‘pinchagua’ (Opisthonema spp.), ‘chuhueco’
(Cetengraulis mysticetus), and anchovy
(Engraulis ringens).

The larger pelagic fishes, which are trans-
zonal, migratory species and exploited by the
fishing industry include tuna (Thunnus
albacares, T. obesus and Katsuwonus
pelamis), swordfish (Xiphias gladius), marlin
(Istrophorus platypteru), and ‘picudos’
(Makaira mazarra and M. indica).

d. MARINE BENTHIC DIVERSITY

To date, 675 species of benthic marine inver-
tebrates have been identified. Of these, the
mollusks are the most abundant with 256 spe-
cies. Among them, the gastropods are the
most common and represent 77% of the group
(Fig. 20) (Hickman & Finet 1998). Their shell
debris forms the sea- bottom of the sea
around the Galapagos Islands. One of the
most common and widely distributed species,
both on the continent and in the Galapagos
Islands, is Thais melones.

The protozoans, denominated by benthic
Foraminifera, are the second largest group
with 147 species; Bulimina pulchela and
Cibicides bertheloti cf boueana are the most
common (Fig. 21) (Gualancafiay 1975).

Wood boring mollusks are well known for the
damage they cause to boats and jetties. There
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are 14 species of such bivalves, of which Teredo
furcifera (Fig. 22) (Cruz 1992) is the one that
causes most problems in the ports of Manta,
Salinas and the Galapagos I slands.

There are also 7 species of rock boring bivalves
causing erosion of the rocky substrates of the
Equatorian coast. Petricola denticulata, isthe
most frequently observed (Fig. 23) (Cruz 2002).
Forty-two species of benthic polychaetesfrom
the intertidal and sublithoral areas have been
identified, 24 being Errant and 18 Sedentary
(Fig. 24) (Villamar 1983). The Echinoderms are
very abundant in the Galapagos Islands with
69 reported species of which the Ophiuroidea
are the more common (Fig. 25) (Hickman 1998).
Recently, it was reported that 140 of the species
of marine invertebrates found in Ecuador (92
species of mollusks, 31 of crustaceans, and 17
of echinoderms) occur intheintertidal area (Fig.
26) (Mair et al. 2002).

The marine vertebrates of Ecuador have also
been studied. According to the FAO (1993),
there are 26 mammalian species of which
dolphins with 13 species are the most abundant
followed by whales with 6 species (Fig. 27)
(Fischer et al. 1995).

The marine birds which populate the Galapagos
Islands are the same as those on the continent.
Harris (1982) reported 18 species of marine birds
on the islands. Based on the number of nests, it
is considered that Nannopterum harrissi is one
of those more abundant (Fig. 28).

The meiobenthic faunais known mainly only at
the phylum level, but some groups to classes.
Cruz (in press) reports 19 groups of meiobenthos
from the Gulf of Guayaquil. The only paper about
free-living nematodes from a sand beach is also
currently in press (Figs. 29, 30).

€. ICHTHYOPLANKTON (FISH LARVAE)

There are about 43 families of fish larvae (Fig.
31) with 60 speciesidentified for Ecuador (Fig.
32) (Luzuriaga de Cruz 1998).

It must be pointed out that these results are
incomplete as they represent only 8 of the 31
zoological phyla. Nevertheless, in themselves,
they also are a contribution to the knowledge
of the marine biodiversity of Ecuador.
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Euphausia famalligera
Euphausia tenera
Euphausia distinguenda
Euphausia diomedese
Euphausia mucronala
MNyctiphanes simplex
Stylochelron affing
Euphausia eximia
Euphausia gibboldas
Stwlochelron carinalum
Memalobrachion fexipes
Memaloscelis microps
Nemaltoscelis gracilis
Styfocheiron alangatim

Ficure 16. Relative abundance of 14 species of Euphausiaceafrom the Equatorian Pacific (Cornejo de Gonzdlez 1976).

Ficura 16. Laabundanciarelativade 14 especies de Euphausiaceadel Pacifico ecuatoriano. (Cornejo de Gonzalez 1976).

Atlanta gaudichaudi 50%

Atlanta furmicwiata 7%

Firoloida desmaresti B%
Aliarnta perord 25 % Ablania fessvewt 10%

Ficure 17. Relative abundance of the planktonic Heteropoda (5 spp.), from the Equatorian Pecific (Cruz 1996).

Ficura 17. Laabundanciarelativadel plancton Heterépoda (5 spp.) del Pacifico ecuatoriano (Cruz 1996).
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Creseis virgula
Limacina trochiformis

Hyalocylis striata

Cresels aclcula
Desmopterus papilio
Cavolinia uncinata
Cavolinia longirostris
Limacina bulimoides

Diacria quadridentata

Clio pyramidata

Ficure 18. Relative abundance of the Thecosomates Pteropoda from the Equatorian Pacific (Cruz 1996).

Ficura 18. Laabundanciarelativade los Pteropoda Thecosomates del Pacifico ecuatoriano (Cruz 1996).

Dosidiscus gigas 97 %

Thysanotheuthis rhombus 1%
Ommastrephes bartrami 1%
Sympleclotheutivs ovalaniensis 1%

Ficure 19. Dosidicus gigas d' Orbygni 1835, isthe most abundant species in the Equatorian waters (Pacheco et al. 1994).

Ficura 19. Dosidicusgigasd Orbygni 1835, eslaespecie mas abundante en las aguas elcuatorianas (Pacheco et al. 1994).
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Gastropoda 76,6%

Poliplacophora 1,6%

Bivalvia 21,9%

Ficure 20. Hickman & Finet (1998) report 256 species of marine mollusks (Gastropoda: 196 spp., Bivavia: 56 spp., and
Polyplacophora: 4 spp.), from Galapagos Island, Ecuador.

Ficura 20. Hickman & Finet (1998) reportaron 256 especies de moluscos marinos (Gastropoda: 196 spp., Bivalvia: 56
spp. Y Polyplacophora: 4 spp.) de las islas Galdpagos, Ecuador.

Bulimina pulchela

Bolivina subadvena serria
Virgulina pontoni

Cibicides bertheloti f. boueana
Textularla secasensis
Miliammina fusca

Uvigerina incilis

Bolivina interjucta, I. typica

0 20 40 60 80 100
PERCENTAGE

Ficure 21. Theeight most common and abundant species of 147 reported from the continental shelf of Ecuador (Guaancafiay
1975).

Ficura 21. Las ocho especies mas comunes delos 147 reportados de la plataforma continental de Ecuador (Gua ancafiay
1975).
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f. DEMERSAL AND BENTHIC FISH SPECIES

The 479 recorded species are grouped in 4 phyla
(Chordata, Arthropoda, Mollusca, and
Echinodermata). These comprise 258 genera, 143
families, and 41 orders (Table 2). The most im-
portant commercial species are ‘corvina
(Cynoscion sp.), ‘perela’ (Paralabrax sp.),
‘camotillo’ (Diplectrum spp.), ‘lenguado’
(Paralichthyies spp.), and shrimp (Litopenaeus
spp.).

The phylum (Chordata) represented by fish is the
most diverse coastal water group with 270 species
included in 142 genera, 63 families, and 22 orders,

Bankiz gouldl 20.8%

Bankia orcutti
16.7%

Bankla destructa 8.3%
Lyrodus pedicelatus 4.2%

the order Perciformes being the best represented
with 143 species.

The Crustaceans are represented by 85 species
belonging to 34 genera, 25 families, and 3 orders.
Themost diverse order is Decapodawith 77 species.
The mollusks constitute, after the fish, the group
with the highest diversity with 111 species, 71
genera, 43 families, 8 orders with the Gastropoda
(Mesogastropodaand Neogastropoda) followed by
the order Veneroida being the most numerous.

The Echinodermata group has 11 genera, 11 fami-
lies, and 8 orders (Phanerozonia, Ophiurae,
Euryalae, Cidareoidea, Aulodonta, Camarodonta,
Aspidochirota, Dendrochirota), and 13 species.

Teredo furcifera 25%

Martesia strigla 1%
Bankia bipennata 2.5%
Mausitora dryas 2.5%
Mototerado knoxi 2.5%
Lyrodus medilobata 3.3 %
Bankia zeteki 3.3%
Terado barsichi 3.3%
Bankia carinata 3.3%

Teradothyra matocota 3.3%

Ficure 22. Relative abundance of 14 species of wood boring mollusks from the Equatorian Pacific (Cruz 1992).

Ficura 22. Laabundanciarelativade las 14 especies de moluscos del Pacifico ecuatoriano (Cruz 1992).

Lithophaga aristata 21%

Lithophaga
attenuata 14%

Pholadidea cuadra 14%

Peiricola denticulata 29%

Martesia striata ™%

Litharca lithodomus ™%
Peliricola paraliela 7%

Ficure 23. Frequency of the rock boring mollusks, from the intertidal zone of the Equatorian Pacific (Cruz, M. internal

report 2002).

Ficura 23. Lafrecuenciadelos moluscosdelazonaintermareal del Pacifico ecuatoriano. (Cruz, M. reporteinterno 2002)
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Abundancia relativa

Aricicla similiz
Boccangi ncusna
Climendila complanals
(hapata indantala
G i i
a0 N
Lanice conciiega
Maidane cristala
Mo divensicoi
Neanthes suconear
Nofodasus abyssals
Notodasus Magnus
Ophicdramaus sp
Panalls paciics
Pavaprionospice pinrals
Pl s
Polvodonies panarmenss
Ethenelals lusca
Sihensiais fusca
Sthenaiais hancooki
Sihenalsi macaly
Sthenelals vamaouloss
Sthenalanalls uhiformie

Ficure 24. Relative abundance of 42 species of benthonic polichaetes (24 Errantiaand 18 Sedentaria), from the Equatorian
shelf (Villamar 1983b).

Ficura 24. La abundancia relativa de las 42 especies de polichaetes (24 Errantiay 18 Sedentaria) de la plataforma
ecuatoriana (Villamar 1983b).

Holothuroldea 26.1%

Ophiurcidea 27.5%

Echinoidea 24.6% Asteroidea 21.7%

Ficure 25. Hickman (1998) reported 69 species of Echinodermata (Ophiuroidea 19 sp., Holothuroidea 18 sp., Echinoidea
17 sp., and Asteroidea 15 sp.) from Galapagos |dands, Ecuador.

Ficura 25. Hickman (1998) report6 69 especies de Echinodermata (Ophiuroidea 19 sp., Holothuroidea 18 sp., Echinoidea
17 sp. y Asteroidea 15 5p.) de las Ilas Gal @pagos, Ecuador.
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Mumber of species

GASTROPODA
BIVALVIA
FPOLYPLACOPHORA
SCAPFHOPODA

DECAPODA
ANOMURA
CIRRIPEDIA

.
]

Ficure 26. Mair et al (2002) report 140 species of macroinvertebrates: mollusks (92 spp.), crustaceans (31 spp.), and
echinoderms (17 spp.) for the Equatorian intertidal zone.

Ficura 26. Mair et al (2002) reportaron 140 especies de macroinvertebrados: moluscos (92 spp.), crustaceos (31 spp.) y
echinodermos (17 spp.) paralazonaintermareal ecuatoriana.

DELPHINIDAE 50 %%
13 =p.

KOGIIDAE 3.8 % (1 sp)
PHYSETERIDAE 3.8 %
OTARIIDAE 7.7 %
BALAENIDAE 23.1
6 3p. 21% ZIPHIDAE 11.5% -

3 sp.

Ficure 27. According to FAO (1993), 26 species of marine mammals have been reported for the Equatorian Pacific.

Ficura 27. Seglin la FAO (1993), hay 26 especies de mamiferos marinos reportados para el Pacifico ecuatoriano.
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Ficure 28. Relative abundance of 18 species of marine birds from the Galapagos Idlands (Harris 1982).

Ficura 28. Laabundanciarelativade 18 especies de aves marinas de las | slas Gal dpagos (Harris 1982).

Number of nests
0 20 40 60 B0 100 120

Nannopterumharrissi
Larus fuliginosus
Spheniscus mendiculus
Pelecanus occidentalis
Sufa nebrouxi
Phaethon asthereus
Fuffinus | herminieri
Sula dactylatra
Oceandroma castro
Creagrus furcatus
Fregata magnifiscens
Sula sula

Ptarodroma '
Oceanodroma tethys
Diomedea irrorata
Oceanitis gracilis
Anous stofidus
Sterna fuscata

Abundancia (N)

Ficure 29. Nineteen (19) groups of meiobenthic organismswere found in the Gulf of Guayaquil, during April 1997 (Cruz
2003).

Ficura 29. En abril de 1997 se encontraron 19 grupos de organi smos meiobénticos en el Golfo de Guayaquil (Cruz 2003).
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Nom afods

Fatifars

Cop. (Naupio)
Copopoda sp.
Gasrdpoda (Lelgar)
FoMchasts

Prlacypoda {Vialigor)
Cap. (Harpacticoids)
Gastrofnicha

Mociogueta

Arachnids (Acari)
Foramintara

Ofigochaeta

Hydrazos {Hyde)
Kynaoryncha

Insecta (Diptera)
Tavdigrads

Astenodas [Bracivoans)
Lofoforado

Ficure 30. The free-living nematodes are the most abundant among 19 groups of meiobenthic invertebrates from the Gulf
of Guayaquil (Cruz 1998, 2002).

Ficura 30. Los nematodos independientes son los més abundantes de |os 19 grupos de invertebrados meiobénticos en
e Golfo de Guayaquil (Cruz 1998, 2002).

MYCTOFHIDAE
GOMNOS TOMATIDAE
GOBIIDAE
SCOMBRIDAE
CARANGIDAE
BATHYLAGIDAE
CYNOGLOSSIDAE
FPARALEFIHDAE
BREGMACEROTIDAE
NOMEMEIDAE
ENGRALILIGAE
SCIAEMNIDAE
PARALICHTHYDAE

Ficure 31. The most frequent families of fish larvae in the Equatorian Pacific, during 1998 (L uzuriagade Cruz & Ortega
1998).

Ficura 31. Lasfamilias més frecuentes delarvas de peces en el Pacifico ecuatoriano durante 1998 (Luzuriagade Cruz &
Ortega 1998).
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Gonichthys ~ Hygophum

P 5%
Benthasema tenuiculus 5% -

panameanss 22 %

Diogenichihys laternatus 44%

Myctophum nitidiium 24 %

Ficure 32. Relative abundance of the principal species of fish larvae of the family Myctophidae in the Equatorian oceanic

waters (Luzuriagade Cruz & Ortega 1998).

Ficura 32. Laabundanciarelativa de las especies principal es de larvas de peces de la familia Myctophidae en las aguas

oceanicas ecuatorianas (Luzuriagade Cruz & Ortega1998).

Thedemersal fish group, which belongsto avariety
of families, is made up of a diversity of species.
The most important are ‘ corvina de roca’, Brotula
clarkae (Brotulidae); ‘cherna’, Mycteroperca
xenarcha (Serranidae); ‘perela’, Paralabrax
callaensis (Serranidae); bass, Centropomus sp.
(Centropomidae); corvina plateda, Cynoscion sp.
(Sciaenidae); ‘ pargo’, Lutjanussp. (L utjanidae) and
‘huayaipe’, Seriola spp. (Carangidag).

Demersal fishes occupy second placein the annual
landings of the artisanal fishing fleet. They arealso
caught by the semi-industrial whitefisheries. Marine
fish resources, both from the sea and those derived
from fish farming, represent major economic assets
for Ecuador.

The marine shrimps Litopenaeus vannamei, L.
stylirrostris, L. occidentalis, and Farfante
californiensis are also important to the economy of
the country. They were even more so during the
1970s and 1980s. However, catches are decreasing
dueto previousover-fishing aswell astheinfluence
of climatic conditions. Serious over-exploitation of
stocks and the lack of appropriate regulations for
their management and to ensure their sustainability
have been the negative elements that have caused
the decrease in the size of the shrimp populations.
They now need to be allowed to recover and return
to the original economic fishing levels.

A solution to this complex problem arose with the
great increase in shrimp cultivation. However, the
lack of application of concepts of sustainable ma-

nagement of the resource has, over time, caused the
appearance of a series of pathogens that have
diminished shrimp production by 70%.

Catches of the lobsters Panulirus gracilis and P.
penicillatus, which have been commercially
exploited since the 1960s, have similarly suffered.
They constituted an important resource that brought
foreign currencies to the country, with 100,319 kg
being exported in 1985 (DGP, 1990). According to
Correa et al. (1994), the problem has arisen from
the capturing of animals of lessthan 25 cminlength.
The establishment of a protocol, actively targeted
at the fishermen and merchants, about the
importance of respecting the restrictive measures
in the capture of this crustacean is now required. At
the moment, the Undersecretary of Fisheries, the
General Council of Fisheries and the National
Institute of Fisheriesare making effortsto implement
appropriate policies for the correct exploitation of
this resource.

Other important resources are the red swamp crab
Ucidesoccidentalis, the‘ pangora Menipesfrontalis
and the dog crab Xantipes sp., which are captured
by local artisanal fishermen. The first of these is
caught in large numbers but they are mostly con-
sumed locally. In the last few years, there has been
a general decrease in the capture of this resource.
This is related directly to the opening-up of the
swamp to build shrimp pools, thereby reducing the
areas available for catching the crabs (Barcia &
Marriot 1993).
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Finally, thecommercia exploitation of anew resource
has begun, namely the harvesting of barnacles,
though studies of its market potential and the
biological and ecologica implicationsare necessary.
Additionally, there is the need for the training of
local fishermen with specialized techni-ques so that
they can carry out a sustainable extraction of this
resource.

At the present time, 23 species of mollusks are
harvested artisanally. Very little has been published
about this important group of resources. Most of
these mollusks inhabit mangroves and other
ecosystems distributed along the Equatorian
continental coast. Species such as Anadara tuber-
culosa, A. similis, and A. grandis (‘ patade mula or
mule foot) constitute true alternatives for the
diversification of aguacultural activities. This is
important for the economy of the artisanal
communities as it will create employment
opportunities. The government has taken measures
to control and to preserve the distribution and
abundance of these mollusks.

A species with great fishing potential is the giant
squid Dosidicus gigas which, at present, is caught
mainly by ' poteras’ onboard. A new technique could
be designed for the increased extraction of this
cephal opod.

In Ecuador, two echinoderm species are now being
considered as potential alternativesfor the artisanal
fisheries; the sea cucumber | sostichopus fuscus and
the seaurchin Tripneustes depressus. However, very
littleisknown about their ecology and reproductive
biology, sothat their high commercial valuetogether
with the lack of upgraded fishing legislation for
managing these fisheries resources have put at risk
not only the sea cucumber and sea urchin popu-
lations but al so the fragile ecosystem to which they
belong. A sea cucumber fishery has been devel oped
during the last 10 years in the Galapagos Islands
even though the National Park hastried to maintain
aregulated fishery. Thereis still alot of work to do
in spreading education about fisheries to both the
fishermen and the legislators.

Information about marine biodiversity in the
Galapagos Idlands is till insufficient. So far, the
scientific studieshave been limited to basic research
and the taxonomy of the biota. No explanatory work
and correlations have been attempted. It hasrecently
been calculated that between 10 and 20 % of the
speciesthere are endemic (Hurtado et al. 2000) but,
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the total number of fish species reported in the
Galapagos region had increased to 444 from 306,
the number in an earlier inventory of fish of the
Galapagos|dands (Grove & Lavenberg 1996). This
would indicate that endemism could have dimin-
ished from 16.7% to 9.4%.

Additionally, the new inventory gave the number of
recorded species of endemic fish as 41, that is 3
fewer than in the inventory of McCosker &
Rosenblatt (1984). Four new speciesof endemicfish
were discovered, however; these have yet to be
given scientific names.

M AJOR IMPACTS ON MARINE AND COASTAL ECOSYSTEMS

Impacts can be grouped into six main categories:
- Fisheries operations

Global climate change

Alterations of physical habitat

Invasions of exotic species

Contamination

Overpopulation of the Equatorian coastal zone

and Galapagos Islands.

Industrial bottom fishing disturbs both benthic
organisms and damages their habitat, the seabed.
There are aso concerns that those fisheries stocks
are being affected by the over-fishing of commercia
species and the development of the coast that may
permanently damage mangrove and reef ecosystems
on which the fisheries rely. Over-fishing may aso
have a destructive physical impact on the intertidal
zone, and can affect the population levels of non-
targeted speciesthrough incidental catches, thelatter
problem being of particular significance for sea
turtles, sharks and seabirds.

Periodic changes in climate are the primary threat
to coral reefson aglobal scale. Theincreasein sea
surface temperature associated with the major El
Nifio event in 1982-1983 resulted in extensive coral
bleaching and mortality in the Galapagos |slands;
mortality levels of greater than 90% left some reefs
almost bared of corals and there were signs of ma-
jor shiftsin the population structures.

THE UNKNOWN

In Ecuador, the study of marinebiodiversity hasnot,
in general terms, been a high priority for the



Marine Biodiversity in Ecuador: Cruz, M. ET AL.

Equatorian authorities, except in the case of afew
commercial groups. Little attention has been paid
to the economic and socia potential of the biotic
resources in terms of local, national and regional
development.

Related to studies on plankton, littleinformation is
availableabout it inthe estuarine areas. Groupssuch
as the unarmored dinoflagellates need to be
investigated in view of their toxicity and very little
is known about the rotifer and free-living marine
nematodes. There is also a lack of data of groups
with high biodiversities like the copepods, am-
phipods and isopods. The dynamics of the
phytoplankton and zooplankton populations also
require study, as do the DNA contents of the main
planktonic species to determine changes or
mutations caused by radiation or contamination of
the ecosystem.

The succession of benthic invertebrate populations
inrocky and sandy substrates of the Equatorian coast
is unknown and there is a lack of information on
theantozoansthat includesthe corals, anemonesthat
characterize the reefs. Among the annelids, only
the benthic polychaetes have been described and
little is known about their planktonic forms and of
the Oligochaeta and Hirudinea classes.

In Ecuador, the meiofauna have not been identified
at the specieslevel whilethosethat exist inthe Gulf
of Guayaquil are known only at the phylum level.
Data on marine nematodesin the intertidal areaex-
ist but have not yet been published.

There are 60 known species of ichthyoplankton but
further sampling of all the environments including
the Galapagos Islands will probably reveal more.
There isaneed to study the biodiversity of benthic
fish and their distribution as well as the zoning of
commercial benthic species. The main species of
fish, mollusks, crustaceans, and echinoderms are
well known but the remaining phyla, especially those
that do not have commercial importance, are
unknown.

Groups such asthe Radiolarians, Acantharians, and
Thecamoebans, among others, are also unstudied.
No studies of the life cycles of species, including
those of economic importance, have been done in
Ecuador. The key life history traits of organisms
need to be known in order to determinetheir capac-
ity to respond to changes in their environment.
Research on larval development isimportant for the
future, and studies of the meiobenthos present on

the continental Equatorian coast and in the
Galapagos | slands should be continued.

The unknown species of the following phyla need
to be identified: Porifera, Cnidaria, Ctenophora,
Platyhelminthes, Nemertina, Acanthocephala,
Gastrotrichs, Nematoda, Nematomorpha, Loricifera,
Kinorhyncha, Priapulids, Sipunculida, Equiurida,
Tardigrades, Phoronida, Brachiopoda, Briozoa or
Ectoprocta, Hemichordata, Arthropods (Che-
licerata), Crustacea (with the exception of the
Decapods), and Euphausiids).

Scientists should identify priority areas and
taxonomic groups of interest for completing biolo-
gical inventories. They should encourage the
development of a geographic information system
for detecting areas of high diversity, and design
species/area graphics for predicting extinction
patterns and aiding the formulation of policies for
conservation and economic development. Carefully
chosen study sitesfor long-term research and moni-
toring changes in biodiversity over a decadal time
scale need to be established.

DISCUSSION AND PERSPECTIVES

Inthetropical seas off Ecuador, biodiversity can be
very high. At asingle station, aphytoplankton expert
might deal with 100 species of diatoms, dino-
flagellates, coccolithophorids, and flagellates,
especially during the El Nifio events, when the
species diversity of groups like dinoflagellates
increases.

In Equatoriantropical coastal waters, the separation
of invertebrate fauna in samples from scarcely or
unpolluted areas, into recognizabl e speciesare often
hampered by the huge numbers of undescribed
species present. Despite the huge variety of marine
biotain Ecuador, theinformation about it islimited
and varies greatly among taxa and among regions.
Taxonomic knowledge is poorest in those areas
possibly harboring the highest level s of biodiversity.
Therearefew checklistsfor many taxonomic groups.
The use of geographical information systems is
limited by the lack of reliable data on species
distributions and climate. No studies have focused
on the relationship between climate change and
biodiversity. The taxonomic information available
islargely at the most basic descriptive level. There
islittle information about the phylogeny of species,
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their geographical distributions and abundances,
and related biological and ecological aspects.
Issues such as environmental assessments of the
impacts of industrial activities in the coastal zone
and pollution from land-based sources require
taxonomic and ecological datafor the biota. Surpri-
singly, these studies are carried out at the level of
major groups, frequently without attentionto groups
considered unimportant and the results have little
valuefor ecological research or thefuture evaluation
of climatic changes.

Activities, such as aquaculture and environmental
studies, require basic knowledge of the species
diversity present in the environment. Although more
administrativeissuesare being incorporated into the
management of the environment, lessbiological and
taxonomical research is being carried out.
Additionally, samples of plankton, invertebrates, and
fishin the Reference Collections are not being well
maintained. Thereisaneed to create aGl S-Database
not only for biological but also for oceanographic
data.

Viable population sizes should be determined for
key groups of taxaand species and the latter should
be monitored throughout their distribution for
changesin population size. Records of viablefish-
egg numbers must be determined in potentially
polluted areas since abnormal embryos could be an
important part of the biomass.

Therearefrequently reports of the lack of biological
information about unusual events in the marine
environment. Among these arered tides, blooms of
blue-green algae or cyanobacteria, the proliferation
of luminescent bacteria, mass mortalities of fish,
turtles and marine mammals, the defoliation of
mangrovetrees, the proliferation of marinefungi in
the estuarine zones, etc. One of themajor difficulties
in dealing with these eventsis the absence of basic
information about the speciesinvolved. Sometimes,
even simple questions cannot be answered and this
can generate conflicts between institutions and
scientists.

Reliable assessments of the productivity of the
ocean, of theinterrelationships between organisms,
or of the ecology of coastal waters in relation to
climatic variability, monitoring, and environmental
impacts cannot be made if high grade taxonomical
data are not available.

Thetraining of new specialistsisnecessary. Despite
the high cost of cruises and biological sampling
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programs, no morethan 5to 10 peoplein eachingtitute
are available to do taxonomical research. Usually,
the same person who takes the sample processes it,
then analyzes and interpretsthe data, and writesthe
report. Very often, the same scientist hasto examine
samplesfrom coastd areas and the open ocean. Most
of the few taxonomical expertsin Ecuador are now
nearing retirement. New personnel are needed in a
number of areas, especially taxo-nomy, the use of
geographical information systems, population
biology, regional planning, and economics and
sociology.

Thenational and local research councilspractically
ignore projects involving taxonomy and, without
grants to do the research, no university islikely to
run courses in systematics. An exception has been
the Faculty of Natural Science in the School of Bi-
ology at the University of Guayaquil where, since
the early 1970s, about 20 people have been study-
ing the taxonomy of plankton, benthos, inverte-
brates, and fish. This group is now approaching re-
tirement, however, and very few new scientists are
taking over.

In Ecuador, there are more than 15 post-graduate
coursesin environmental issues. Most of them have
backgroundsin disciplinesdistinct from biology and
sometimes appear to be prejudiced against tax-
onomy. Multidisciplinary research in environmen-
tal research relevant to sustainable devel opment must
be promoted with more people involved and thein-
tegration of libraries, universities, and non-univer-
sity laboratories.

International collaboration to reinforce research in
taxonomy and biodiversity using information
technology is required in Ecuador in order to build
up a marine biodiversity database. The use of the
Linnaeus Il program for this purpose is
recommended; it will be a necessary step in
maintaining intellectual property rights on taxono-
mic information.

Biodiversity must be considered asan important part
of the genetic wealth of a country. Conserving it
might involve creating banks of germoplasm,
preserving the knowledge of indigenous people as
to the value of certain species, identifying key
speciesfor biodiversity studies, and other measures,
including habitat protection.

The description and classification of species are
fundamental to biology. Unlesswe can communicate
precisely and unambiguously about the organisms
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that are directly or indirectly part of everyday life,
our ability to feed and care for ourselves and
understand the world in which we live is seriously
impaired.
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