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Abstract

Between September 2009 and April 2010, superficial samples of plankton were collected in Aca-
pulco Bay, using 150-um mesh net, with the objective of studying the temporal variation in the
abundance, species composition of the copepod community, and their relationship with some en-
vironmental parameters. Twenty-nine species of four orders were identified: 11 of Calanoida, 4 of
Cyclopoida, 3 of Harpacticoida and 11 of Poecilostomatoida. A multivariate analysis (PCA) used to
detect association between the abundance of copepod populations, and the environmental condi-
tions through time, indicates a marked effect of the temperature and salinity parameters, on the
abundance of the four copepod groups. The calanoids dominated numerically during most of the
sampling months. The more important copepods genus were Corycaeus (7 species), and Oithona (4
species). Nevertheless that the abundance of all copepod groups was affected temporarily by vari-
ations in the environmental conditions, the species composition inside the copepods community
remained very stable.
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1. Introduction

Copepods are considered the most abundant and diverse component of mesozooplankton in marine environ-
ments, and the most important secondary producers in marine food webs [1] [2]. Their distribution in the tropi-
cal coastal areas is not homogeneous, although some species of Acartia and Labidocera genus, end up forming
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large concentrations of individuals, under specific environmental conditions [3] [4]. Variations in the abundance,
distribution, and interactions within the community of planktonic copepods, are strongly related to the hydro-
graphic characteristics of the marine environment. For example, the seasonal, and spatial variability observed in
the occurrence and distribution of copepods in many tropical regions, have been directly linked to abiotic factors
as salinity, turbidity and temperature, and biotic parameters such as competition, predation, food habits and food
availability, or to a combination of both factors [2] [5]-[7]. During the last three decades, many researchers have
used some copepod species to characterize the oceanographic conditions, as well as different types of water
masses, which since are considered to be excellent biological indicators [4].

Nevertheless the great biological and ecological importance of this micro-crustacean group in the zooplankton
dynamic, the existing information in Mexico about their diversity, and species richness [8] [9], as well as the
abiotic factors that influence in their abundance through time [10]-[14], continue being scarce, mainly in some
localities of the Mexican Pacific, as the coast of Guerrero state.

Acapulco Bay is located on the tropical Pacific coast of southern Mexico, in Guerrero State. The Bay has a
semi-circular (6.3 km diameter), amphitheater-like shape created by low hills (<500 m) surrounding the south-
facing Bay [15]. This Bay operates as nursery for many fish species, which feed inside the same; however only
two studies have been carried out on the zooplankton community. These studies include a checklist of only some
copepod species [16] [17], and were carried out several years ago, under different environmental conditions.
Therefore, the aim of the present study was to document current species composition, and abundance of copepod
species, as well as to examine the changes in the community structure, due to the variation of environmental
conditions that occur in the Bay, throughout the year.

2. Materials and Methods

Plankton samples were collected inside the Acapulco Bay between September 2009, and April 2010 in five sta-
tions: 1) Club de Yates (16°50'N, 99°54'W); 2) Islote del Morro (16°51'N, 99°53'W); 3) Naval Base (16°51'N,
99°51'W); 4) Casa de Diaz Ordaz (16°50'N, 99°51'W); and 5) Centro de la Bahia (16°49'N, 99°53'W). In each
station, plankton samples were taken by means of superficial trail, during five minutes using 150-um mesh net.
Water temperature, pH, and salinity were measured in situ with an YSI probe. Nutrient (nitrates, ammonium,
and phosphates) concentrations, were determined in each sample following a standard colorimetric method
(Hanna equip). Mean values of pluvial precipitation were obtained of meteorological station No. 768050, and
data of Oceanic Nifio Index (ONI) of the National Oceanic and Atmospheric Administration [18]. Plankton
samples were fixed in 4% formaldehyde, and copepod quantification was done using a Leica microscope.

Copepod species were identified according to specialized literature [4] [8] [9] [17] [19] [20]. The Olmstead-
Tukey association test [21], was applied to classify the copepod species based on parameters of occurrence fre-
quency, and mean abundance: (D) dominant (abundant and frequent), (C) common (low abundance but fre-
quent), (O) occasional (abundant but low frequency), and (R) rare (low abundance and low frequency). A one-
way ANOVA was applied to identify significant differences in abiotic parameters (temperature, dissolved oxy-
gen, pH, and salinity), and nutrient concentrations. When significant deviations from normality were identified,
parameters, and concentration data were log-transformed (log x + 1) to meet normality, and homoscedasticity
requirements. Multivariate analysis (Principal Component Analysis, PCA) were used to determine associations
between the environmental parameters, nutrient concentrations (predictor variables), and the abundance of four
copepod orders: Calanoidea, Cyclopoidea, Harpacticoida, and Poecilostomatoida.

Community parameters included total number of species, relative abundance, the Shannon-Wiener (H) diver-
sity index, species evenness (J), and the Berger-Parker Index (BPI) as a measure of numerical dominance [22].
The qualitative Bray-Curtis similarity index, was used to evaluate similarity or difference in species composition
between months. The Student’s t-test was applied to identify differences between community parameters.

3. Results

Mean temperature varied significantly during the sampling period from 24.9°C + 1.62°C to 30.9°C * 0.44°C
(ANOVA, F = 208.5, P < 0.05) (Table 1), although not among stations (P > 0.05), for what monthly data were
pooled in the later analyses. Salinity varied from 32.3 + 0.48 to 35 + 2.14 psu (ANOVA, F = 66.43, P < 0.05),
while pH ranged from 7.78 + 0.46 to 8.4 £ 0.23 (ANOVA, F = 17.14, P < 0.05). The concentrations of nitrate
(NO;), and ammonium (NH; ) varied significantly (P < 0.05), while the phosphates (POS), did not register
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Table 1. Monthly abiotic parameter values registered in Acapulco Bay, Mexico, between September 2009, and April 2010.

Parameter Sep. 09 Oct. Nov. Dec. Jan. 10 Feb. Mar. Apr.
Precipitation mm 138.43 230.64 12.19 0.00 1.01 9.65 0.00 0.00
Temperature “C 30.89 29.77 29.36 27.86 26.43 26.79 24.99 26.88

Salinity (psu) 35.27 3231 32.88 33.07 32.77 32.85 33.10 33.06
pH 8.37 8.34 7.89 8.41 7.85 8.06 7.79

DO (mg/L) 6.80 6.95 7.05 7.17 6.14 7.62 6.50

Nitrates (mg/L) 0.20 0.70 0.77 0.52 1.28 0.95 0.70 0.85

Nitrites (mg/L) 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Phosphates (mg/L) 0.17 0.40 0.22 0.32 0.27 0.21 0.24 0.20

Ammonium (mg/L) 0.53 0.16 0.16 0.69 0.19 0.60
Chlorophyll-a (pg/L) 1.45 1.84 2.77 3.01 2.62 3.12 2.70 2.61
ONI 0.90 1.20 1.50 1.80 1.70 1.50 1.20 0.80

DO = Dissolved Oxygen, ONI = Oceanic Nifio Index.

variation. Nitrate concentration was highest in January 2010, and phosphate in October 2009 (Table 1).

The predictor variables included in the PCA were temperature, pluvial precipitation, salinity, dissolved oxy-
gen, nutrients, data of Oceanic Nifio Index (ONI), and the abundance of 4 copepod orders as dependent variables.
The best model allowed the extraction of 3 components, which explained 54.97% of the total variance, but only
the first two were used (42.51%). The first component associated the salinity with the abundance of poecilosto-
matoid, and calanoid copepods (Figure 1), so that a decrease in this parameter during the rainy season (Sep-
tember-October), favored an increase in the occurrence of these two copepod groups (Figure 2). While in the
second component, the temperature variation was associated with the abundance of cyclopoid, and harpacticoid
copepods (Figure 1). The descent of the temperature registered during some months (January to March 2010),
generated a higher abundance of these other copepod groups, in Acapulco Bay (Figure 3).

The zooplankton community included a total of 29 species of copepods: 11 Calanoida, 4 Cyclopoida, 3 Har-
pacticoida, and 11 Poecilostomatoida (Table 2). The calanoid copepods dominated numerically during most of
the months, with the exception of November 2009, when the poecilostomatoid were the most abundant group
(Figure 4). This copepod group represented 51.6% of the total of individuals counted during the sampling pe-
riod. The more important copepod genus were Corycaeus (7 species), and Qithona (4 species). Four species
numerically dominated the communities: 2 Calanoida (Acrocalanus gracilis and Acartia (A.) clausi), one Cyc-
lopoida (Oithona plumifera), and one Poecilostomatoida (Corycaeus (O.) ovalis) (Table 3). These four species
accounted for 61% of the total estimated copepods, in the monthly samples. The copepods Acartia (A.) clausi,
Acrocalanus gracilis, Corycaeus (O.) ovalis, Corycaeus (A.) typicus, Ditrichocorycaeus andrewsi, Oithona plu-
mifera, and Paracalanus nanus were collected in all sampling months, but only A. gracilis dominated numeri-
cally up until in four months (Table 3). The frequency-abundance graphic method indicated that 45.4% of Ca-
lanoida species to be dominant (i.e. abundant, and frequent), as long as 25% of Cyclopoida, and 18.2% of Poe-
cilostomatoida species, had this same classification.

Species richness varied significantly (t-test = 10.77, P < 0.05), from 9 species (November 2009) to 24 species
(April 2010), while the total relative abundance for each one of the copepod orders ranged from 17.04 (Harpac-
ticoida), to 412.74 (Calanoida). The relative abundance of Harpacticoida registered a significant increase during
the last three months, while the abundance of Calanoida decrease, during these same months (Figure 4). Shan-
non-Wiener diversity index values ranged from 2.71 to 3.88, and evenness from 0.65 to 0.84 (Table 3); both
parameters varied significantly between months (t-test = 19.64; 25.92, P < 0.05, respectively). Diversity index
values were significantly higher in April 2010 (3.88), and December 2009 (3.42). Similarity in species composi-
tion was high (>50%), and reached 80% during December 2009-January 2010.

4. Discussion

Water temperature registered a slight descent along most of the sampling months (Table 1, Figure 3), as long as
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Figure 1. Association between abiotic parameters (precipitation, temperature, salinity, and nitrates = predictor
variables), and the abundance of four pelagic copepod orders, in Acapulco Bay.
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Figure 2. Relationship between the salinity, and abundance variation of two copepod orders, in Acapulco
Bay.

the salinity only presented a decrease during the rainiest months (September-October 2009, Figure 2), staying
constant during the later months. Nevertheless temperature fluctuations are not as extreme in tropical marine
areas, contrary to what occur in temperate or cold latitudes, the results of the multivariate analysis (PCA) indi-
cated, that the decrease of temperature registered during January to March 2010, was associated with the in-
crease in the occurrence of the cyclopoid, and harpacticoid copepods (Figure 3). Therefore slight changes in
these two environmental parameters (temperature variation < 6°C, and salinity 2.9 psu), can be enough to gener-
ate important changes in the species composition of the copepod community, along the year in the Acapulco

Bay.
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Figure 3. Relationship between the temperature, and abundance variation of two copepod orders, in
Acapulco Bay.
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Figure 4. Temporal variation of the abundance of four pelagic copepod orders, in Acapulco, Bay.

The cyclopoids of Oithona genus are cosmopolitan copepods, that inhabit in tropical and temperate marine
waters. In temperate regions, Qithona is often the most important copepod genus present, and reproduces year
round in surface waters [23]. Therefore, the descent of the temperature during January to March 2010 (Figure 3),
favored the reproduction of this copepod genus, which was constituted by four species (Table 2).

On the other hand, it has been pointed out that most species of pelagic harpacticoids doesn’t present a wide
distribution in the open ocean. However, some species of Microsetella can reach a high abundance in subtropi-
cal coastal areas, at temperatures lower than 20°C [24]. In Acapulco Bay, the descent in the temperature regis-
tered during January to March 2010, favored the occurrence of Microsetella rosea, which confirms the best
adaptation of this copepod genus to low temperatures, in this case near to 20°C.

Salinity also has a notable effect on the structuring of copepod communities, particularly in estuarine, and
coastal environments [6] [25] [26]. The decrease of the salinity during the rainy months, generated an increment
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Table 2. Species composition, and monthly relative abundance values of the pelagic Copepoda community in Acapulco Bay,
Mexico.

Specie Sep. 09 Oct. Nov. Dec. Jan. 10 Feb. Mar. Apr.
Calanoida
Acartia (Acartiura) clausi (Giesbrecht, 1892)° 2.16 2.44 7.24 14.50 22.68 5.53 11.73 4.72
Acartia (Odontacartia) erythraea (Giesbrecht, 1889)% 0.08 1.82
Acartia (Acartiura) longiremis (Lilljeborg, 1853)F 0.22 0.02

Canthocalanus pauper (Giesbrecht, 1892)° 6.80 3.55 4.07 11.23 3.59 7.52 7.70
Nannocalanus minor (Claus, 1863)° 212 4.92 14.66 10.64 3.06 1.60 1.40
Undinula vulgaris (Dana, 1852)*® 3.26 0.71 0.05 0.05 0.06 0.08
Acrocalanus gracilis (Giesbrecht, 1888)° 46.60 37.34 2363 2372 20.90 4454 1930 13.52

Centropages furcatus (Dana, 1849)% 0.08
Paracalanus aculeatus (Giesbrecht, 1888)% 0.72 0.04 1.26 0.05 0.26
Paracalanus nanus (Sars, 1925) 0.43 3.09 1.64 2.86 0.32 0.56 191 5.63
Paracalanus parvus (Claus, 1863)% 0.04 0.06 0.14 3.93
Subtotal 49.91 5521 40.98 62.05 65.83 57.48 4408  37.22

Cyclopoida

Oithona fallax (Farran, 1913)% 2.42
Oithona nana (Giesbrecht, 1893)% 0.36 0.04 0.45 3.87 1.21
Oithona plumifera (Baird, 1843)° 14.31 7.00 3.28 8.40 8.33 13.85 2744  12.65
Oithona similis (Claus, 1866)° 5.66 2.85 9.23 4.55 12.42
Subtotal 14.67 7.04 3.28 14.06 11.18 23.53 3586  28.69

Harpacticoida

Macrosetella gracilis (Dana, 1847)R 5.03 0.16 0.19
Microsetella rosea (Dana, 1847)" 0.66 0.32 1.01 2.22 3.44
Euterpina acutifrons (Dana, 1847)R 0.07 0.04 2.53 1.40
Subtotal 511 0.20 3.19 0.32 1.01 2.22 5.02

Poecilostomatoida

Corycaeus (Ditrichocorycaeus) asiaticus (Dahl, 1894)% 1.69 0.29 0.06 0.15

Corycaeus (Corycaeus) crassiusculus (Dana, 1849)R 0.24 0.71 2.74 1.12 0.28 6.42

Corycaeus (Agetus) flaccus (Giesbrecht, 1891)" 9.13 0.11 0.08
Corycaeus (Onychocorycaeus) latus (Dana, 1849)R 1.44 0.37

Corycaeus (Onychocorycaeus) ovalis (Claus, 1863)° 4.28 15.88  38.80 7.30 6.07 8.14 6.17 2.72

Corycaeus (Corycaeus) speciosus (Dana, 1849)R 0.79 0.12 0.16 0.06
Corycaeus (Agetus) typicus (Krgyer, 1849)° 1.08 7.90 11.07 7.52 9.51 6.12 4.13 8.04
Ditrichocorycaeus andrewsi (Farran, 1911)" 1.73 1051 5.87 1.65 2.20 0.77 3.51 5.93

Urocorycaeus lautus (Dana, 1849)7 7.59 0.37 0.06 0.17 0.11
Farranula gracilis (Dana, 1849)" 2.59 1.79 0.77 0.11 0.16 171 1.36
Oncaea venusta (Philippi, 1843)" 0.08 2.58 2.04 1.44 1.82 4.27

Subtotal 30.31 3754 5574  20.70 22.68 17.98 17.85  29.07

Classification: (D) dominant, (F) frequent, (O) occasional, (R) rare. Subtotal = Total relative abundance of each copepod order monthly registered.
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Table 3. Characteristics of the pelagic Copepoda community in Acapulco Bay, México.

Month No. of species Calano. RA  Cyclo. RA Harpa. RA Poeci. RA Dominant specie BPI H’ J

Sep. 09 17 49.91 14.67 5.10 30.31 Acrocalanus gracilis 46.6 271 0.66
Oct. 23 55.21 7.04 0.20 37.54 Acrocalanus gracilis 3733 295 0.65
Nov. 9 40.98 3.27 55.73 Corycaeus ovalis 38.79 253 0.79
Dec. 21 62.05 14.05 3.18 20.7 Acrocalanus gracilis 23.72 342 0.77

Jan. 10 15 65.82 11.17 0.32 22.67 Acartia (Acartiura) clausi 2267 311 0.79
Feb. 21 57.47 23.52 1.01 17.98 Acrocalanus gracilis 4454 274 0.62
Mar. 20 44.08 35.85 2.21 17.84 Oithona plumifera 2744 33 0.76
Apr. 24 37.22 28.69 5.02 29.06 Acrocalanus gracilis 1351 388 084

Calano = Calanoida; Cyclo. = Cyclopoida; Harpa = Harpacticoida; Poeci = Poecilostomatoida. RA = Relative Abundance; BP1 = Berger-Parker Index;
H = Shannon-Wiener diversity index; J = evenness.

in the occurrence of calanoid, and poecilostomatoid copepods (Figure 2). The concentrations of some nutrients
registered a different behavior along the study. For example, the nitrites and nitrates increase from December
2009 to April 2010, as long as the phosphates decreased during this same period. While ammonium presented a
very irregular behavior (Table 1). Contrary to the other nutrients, the nitrates were present in lower concentra-
tions during the rainy months (September to November 2009), which was also associated with the increment of
calanoid, and poecilostomatoid copepods in these months (Figure 1).

The calanoid, and poecilostomatoid copepod groups presented the higher species richness (11 species each
one) (Table 2); but the relative total abundance of the poecilostomatoid was significantly lower than the calano-
id copepods. The calanoid Acrocalanus gracilis was the most abundant copepod during the whole study; its total
relative abundance represented 29% of the global copepods abundance, and dominated the community during
five of the eight sampling months (Table 3). Acrocalanus gracilis is widely distributed in the tropical and sub-
tropical coasts of the Pacific Ocean, according to records of many reports [27]. Some surveys of the copepods
taxonomic composition, have also reported this calanoid species, as the most abundant in copepod communities
in coastal waters [7] [27]. A second calanoid species Acartia (A.) clausi dominated the community during Janu-
ary 2010, when represented 22.7% of the total abundance. This species is abundant in the Gulf of California,
where can represent between 84% and 95% of the total abundance of copepods community, during the spring
months [12] [28].

Copepods are considered to be good indicators of water masses [7] [29]. Their presence, and circadian vertic-
al migration are correlated with their ontogenetic development, feeding habits, oceanographic conditions
[30]-[32], and climatic events that can impact a global scale, as El Nifio, and La Nifia [7] [33]. The Oncaea, Co-
rycaeus, and Acrocalanus genus are common in oceanic waters; as long as Canthocalanus, and Centropages, are
abundant in neritic waters [7]. Therefore due the higher copepod species richness of Corycaeus genus registered
here (7 species, Table 2), it is possible to suggest the presence a high oceanic influence in the copepod species
composition, in the Acapulco Bay during this study.

Nevertheless during the sampling period (2009-2010) there was an episode of El Nifio [18], or the Southern
Oscillation, its influence in the abundance, and the species composition of the copepod community was not evi-
dent. It is possible that the negative effect of this phenomenon on the Bay’s environmental conditions, has not
been observed because its influence in other regions of the Pacific Ocean is not immediate, since there can be a
delay of several months before signs of its presence, as some studies suggest [7].

The species distribution pattern of the copepod community in Acapulco Bay, was similar to patterns reported
for other marine or estuarine communities. Community structure was determined by a low number of dominant
species (2 calanoid, 1 cyclopoid, and 1 poecilostomatoid), which contributed over 61% of total abundance, and a
high number of occasional, and rare species (>50%). Total richness registered in the study area (29 species), was
within the species number range, reported for other locations in Mexican Pacific coasts [10] [20] [33] [34], and
other countries with similar climatological conditions [35]-[37]. The high diversity values registered in four
months (>3 bits/ind), can be attributed to the fact that the community was less dominated by some species, being
the species abundance more homogeneous (evenness > 0.70), in contrast with other months (Table 3). The high
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stability in the species composition registered here (similarity > 50%), can be attributed to the fact that the
copepod community was consistently dominated by only four species: Acrocalanus gracilis, Acartia (A.) clausi,
Oithona plumifera, and Corycaeus (O.) ovalis (Table 3). For example, the highest qualitative similarity value
(80%) was registered between December 2009-January 2010, when two different species dominated the com-
munity (Acrocalanus gracilis, and Acartia (A.) clausi, respectively), although their dominance was very similar
(=23%) (Table 3).

5. Conclusion

Overall, our results indicated that the abundance of the copepod populations was temporarily affected for varia-
tions in some environmental parameters, which occurred during the study period. However, the species compo-
sition inside the copepod community remained stable, because it was dominated in a constant form, by a reduced
species group which can alternate their dominance through time; because each species responds in a different
way, to the changes in environmental conditions.
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