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Abstract: Zooplankton biodiversity is deemed as a realiable indicator of water quality. For 40 years,
the Guatemalan lake Amatitlan has shown signs of eutrophication, with measurable impacts on the
local zooplankton diversity. Biotic and abiotic variables were surveyed at four sites of lake
Amatitlan (Este Centro, Oeste Centro, Bahia Playa de Oro and Michatoya) in 2016 and 2017. The
species richness and abundance of rotifers, cladocerans, and copepods were analyzed. The dynamic
composition of zooplankton was studied and the system environmental parameters were analyzed
in two seasons (rainy and dry season) for both years. Characteristical values of eutrophied tropical
systems were obtained, with high rotifer diversity (11 species) and abundance. At present, the
rotifers Brachionus havanaensis (109 ind/L) and Keratella americana (304 ind/L) were the most
abundant species in the system. The copepod Mastigodiaptomus amatitlanensis considered as endemic
in 1941 is absent nowadays, but we reported the unprecedented occurrence of two exotic copepods
(i. e., Thermocyclops crassus, Mesocyclops thermocyclopoides) for lake Amatitan and all Guatemala. The
presence of large zooplankton like adults and immature copepods (Arctodiaptomus dorsalis) and
cladocerans (Ceriodaphnia sp.), in site “Este Centro”, indicates a relatively healthy community and
represents a focal point for the conservation for this lake.
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1. Introduction

Zooplankton knowledge is emerging in neotropical regions with scarce and fragmented studies.
Therefore, species richness may be underestimated due to the diversity of bioregions and scarce of
zooplankton taxonomist (i. e Suarez-Morales ef al., 1996[1]) [2,3]. Nevertheless, habitat destruction
and the occurrence of exotic species are factors that engage biodiversity, ecosystems, and
environmental services.

Lake Amatitlan is Guatemala’s the fourth largest lake and one of the most emblematic
waterbodies for this country, with an area of 15.2 km? and 11 km length, is placed on an altitude of
1,186 meters above sea level (m.a.s.1.)[4,5]. For over 4 decades, lake Amatitlan has shown signs of
eutrophication related probably, to anthropic factors (i. e. population growth, use of water for
agricultural irrigation and urbanization around the lake). The progress toward eutrophication on this
Guatemalan lake, is related to the income of 50% of the residual waters from Guatemala City [6-8].
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Due to this, some actions have been arisen to address this problem, either from the governmental
level (Autoridad para el Manejo Sustentable de la cuenca del lago Amatitlan, AMSA 1996) and some
descriptive studies of the lake considering the zooplankton biodiversity in the region, such as Juday
(1915) [9], Basterrechea-Diaz (1997) [6], Elias-Gutiérrez et al. (2006)[10], Garcia-Morales & Elias-
Gutiérrez (2007)[11] and Brandorff (2012) [12]. Nevertheless, related studies related with tropical
epicontinental waterbodies have been more focused on environmental factors rather than in the
biological attributes or systems general limnology [13,14]; thus, biodiversity and species richness of
zooplankton in all Guatemala is poorly known [4,5]. With a historical and actual review of
zooplankton biodiversity as well as an actual knowledge of the environmental conditions, we present
the distribution, species richness, and spacial and temporal abundance of zooplankton and its
relationship with environmental variables. We report the occurrence of two cyclopoid exotic species
(Mesocyclops thermocyclopoides (Fischer, 1853) and Termocyclops crassus Harada, 1931) and the absence
of the calanoid copepod Mastigodiaptomus amatitlanensis (Wilson, 1941) that was used to be recorded
as endemic of the lake [15,16]

2. Experiments

Study sites and sampling methods

Four sampled sites were considered (Figure 1): Este Centro (EC), Oeste Centro (OC), Bahia Playa
de Oro (BPO) and Michatoya (MICH). The latter two sites are connected to Villalobos river and
Michatoya river, respectively [5]. Water samples for biotic and abiotic variables were collected for
2016 and 2017 in the rainy (May-October) and dry seasons (November-April).
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Figure 1. Location of lake Amatitlén and sampling points with information of biotic
collection methods. Water filtered, vertical and horizontal trawls as defined by
Cervantes-Mart mez & Gutiérez-Aguirre (2015) [2]

Biological samples (n = 8) were performed with a plankton net of 45 um mesh by vertical and
horizontal trawls, filtering a known volume of water and fixed with 90% alcohol. As minimum 100
water litters were filtered for each sample. Abundance was standardized as org L by total account
of individuals in each sample. Abiotic variables were collected in situ: water temperature (°C), pH,
oxygen concentration Oz (mg L1), total dissolved solids (mg L), and conductivity (uS cm™).

Zooplankton analysis
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Specific classification of Rotifera, Cladocera and Copepoda of recently collected samples
(collected in 2016, and 2017) was done according to Koste (1978) [17], Fontaneto & De Smet (2015)
[18], Elias-Gutiérrez et al. (2008) [19] and Suarez-Morales et al. (2020) [20].

The presence/absence of the actual zooplancton inventory, was compared with the inventories
studied by Juday (1915) [9], Basterrechea-Diaz (1997) [6], Wilson (1941) [15] and Brandorff (2012)[12]
in order to analize the historical compositon of zooplankton of Amatitlan lake.

Physiochemical analysis

A Principal Component Analysis (PCA) was used to examine these environmental variables for
all the sites. For this, all the information, except pH, were transformed to Logiot+1 to normalize the
data [21]. Statistical analysis was performed in Multi-Variate Statistic Package (MVSP, V 3.2).

3. Results and discussion
3.1. Zooplankton biodiversity

3.1.1. Species richness

15 species were found in the lake (Table 1), rotifers presented the higesth species richness (80%),
while copepods presented the 20% of total species in the lake, cladocerans were practically absent
with just one specimen of Ceriodaphnia sp. EC presented the highest species richness in the hole
system (14 species), compared with BPO and MICH (9 and 8 species respectively). In EC was present
the largest size species of the lake (Arctodiaptomus dorsalis) and the cyclopoid copepod Mesocyclops
thermocyclopoides. The known total body length average of these species is 0.77-1.13 mm and 0.79-0.89
mm, respectively [22,23].

Table 1 Current and historical records of zooplankton species richness. The actual recorded species in columns
1) EC, 2) OC, 3) BPO and 4) MICH. Historical records in columns 5 to 8, according with Brandorff (2012)
[12]; Basterrechea-D Bz (1997) [6]; Wilson (1941) [15]; and Juday (1915) [24], respectively. Presence (x),
absence (-), new registers (*), possible extint species ().

Actual records Historical records
Species 1 2 3 4 5 6 7 8

Phylum: Rotifera

Monogononta: Ploimida

Family: Epiphanidae Harring, 1913

Epiphanes macroura Barrois & Daday, 1894* X X - - - - - -
Family: Brachionidae Ehrenberg, 1838 - - - - - - - -

Anuraeopsis fissa (Gosse, 1851)* X - - - - - - -
Brachionus angularis (Gosse, 1851) * X X X X - - - -
B. calyciflorus Pallas, 1766 * X X X X - - - -
B. plicatilis M{eller, 1786 * X - - X - - - -
B. havanaensis Rousselet, 1911* X X X X - - - -
Keratella spp - - - - - X - -
K. americana Carlin, 1943* X X X X - - - -
K. cochleraris (Gosse, 1851) - - - - - - - X

Family: Trichocercidae Harring, 1913
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Trichocerca cf. longiseta (Schrank, 1802)* - X X X - - - -
T. pusilla (Lauterborn, 1898)* - X X X - - - -
Family: Asplanchnidae Eckstein, 1883

Asplanchna sieboldi (Leydig, 1854)* X X X - - - - -
Flosculariaceae: Family: Trochosphaeridae Harring,

1913

Filinia longiseta (Ehrenberg, 1834) X X X X - - - X
F. terminalis (Plate, 1886) * X X X - - - - -

Subclass: Bdelloidea

Bdelloidea* X - - - - - - -
Superclass: Crustacea

Brachiopoda: Cladocera: Anomopoda

Family: Daphniidae Straus, 1820

Daphnia sp. - - - - - X - -
D. hyalina Leydig, 1860 - - - - - - -
Ceriodaphnia sp. X - - - - X -
C. lacustris Birge, 1893 - - - - - .
C. pulchella Sars, 1862 - - - - - .
Family: Bosminidae Sars, 1865

X X X X

Bosmina longirostris O. F. MUeller, 1776 - - - - - - - X
Family: Chydoridae Stebbing, 1902

Chydorus sphaericus (O.F. MUeller, 1785) - - - - - - - X
Copepoda: Calanoida

Family: Diaptomidae G.O. Sars, 1932

Subfamily: Diaptominae Kiefer, 1932

Arctodiaptomus dorsalis (Marsh, 1907) X - - - X - - -

Mastigodiaptomus albuquerquersis (Herrick, 1895)
M. amatitlanensis (Wilson, 1941)¥ - - - - - - X -
Copepoda: Cyclopoida

Family: Cyclopidae Kiefer, 1927

Subfamily: Cyclopinae Kiefer, 1927

Thermocyclops crassus (Fischer, 1853)* - X - - - - - -
Mesocyclops thermocyclopoides Harada, 1931*
Nauplii

Juvenile Cyclopoid

X X X X

Juvenile Calanoid

Rotifers had the lowest species richness with three monogonont species since 1910 (Table 1). In
this study, richness increased with 12 new reported species for the lake, including Bdelloidea. From
1915 to 1997 cladocerans presented the highest species richness with 7 known species, followed by 3
calanoid copepods reported: A. dorsalis, Mastigodiaptomus albuquerquensis, and the endemic M.
amatitlanensis [6,9,12,15]. This latter species is considered as a possibly extinct [16], because since its
description date by Wilson (1941) [15] it has not been recorded, including this study. Additionaly we
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report for the first time in Amatitlan lake, two cyclopoid copepods, considered as exotic species for
America: Thermocyclops crassus (Euro-Asiatic species) and M. thermocyclopoides (Afro-Asiatic species)
[22,25].

3.1.2. Species abundance

Species with the highest abundance in all sites were the rotifers Brachionus havanaensis (109 ind/L)
and Keratella americana (304 ind/L). The abundance of immature stages of cyclopoid and calanoid
copepods were similar to the rotifers B. plicatilis (0.12 ind/L), A. sieboldi (2.33 ind/L), and M.
thermocyclopoides (0.06 ind/L). This behavior has been reported in eutrophied tropical water bodies
where the abundance of species with small sizes as rotifers is higher compared to largest species as
cladocerans and copepods [26]. Species abundance behavior has a close relation with the
eutrophication of the lake since the presence of organisms that conforms the microzooplankton (like
rotifers) was considerably higher than species of larger sizes, with greater predominance in species
characterized by filtering habits such as brachionids [18].

We present for the first time the occurrence of two exotic species for lake Amatitlan and all of
Guatemala. M. thermocyclopoides is an Afro-Asian species probably introduced to America by human
activities such as acuaculture, it has been registered in the state of Chiapas, Mexico, a border state
with Guatemala [22]. Thermocyclops crassus is an Euro-Asiatic species considered as a species
introduced to the West, with its first record in Mexican lagoons of the Tabasco state, with the causes
of introduction similar to M. thermocyclopoides [25]

The possible cause why Ceriodaphnia could be practically absent, is due to the competition and
size of the availability of food in the system caused by the eutrophication: species composition and
zooplankton abundance are significantly influenced by the type and quality of food [27], eventually
justifying the dominance of brachionid rotifers like B. havanaensis and K. americana. Thus, the trophic
state is related to the size of the zooplankton that inhabits the waterbody, where it is observed that
the higher level of eutrophication, the greater the abundance and species richness of
microzooplankton such as rotifers and immature stages of copepods will be found [26].

3.2. Physiochemical variables

Environmental variables in the lake present evidence of eutrophication. For instance, in changes
of pH values: 8.26 and 8.33 in both analized years, contrasting significantly with the values recorded
in 1969 (7.70) [21], 1985-1995 (7.75) [6], and 2008 (9.3) [21]; It is well known that in oligotrophical
systems, the pH values tend towards to neutrality, and this value rises when there is a higher primary
production, with more basic values [28].

The variability in PCA of 2016 and 2017 (Figure 2) was mainly interpreted with pH parameter
(36 and 37%) and secondary by the water temperature (24 and 29%) in the lake. In 2016 STD and
conductivity were more related on axis 2 while in 2017, those variables were more related on axis 1;
those parameters showed the highest eigenvalues in both years.

Two well-differentiated groups were found in both years of study: EC and OC represented a

different distribution, in the same way, that MICH presented a separate grouping of BPO, especially
in 2016 (Figure 2A, 2B).
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Figure 2 Principal Component Analysis (PCA) based on 5 physiochemical parameters of the four study sites in lake
Amatitlan. (A) 2016, (B) 2017. Symbols are the sampled points.

EC presented physical characteristics which influence its zonification due to the absence of direct
water flows as rivers (like Villalobos in BPO and Michatoya in OC zone, Figure 1), it is isolated and
divided, with a considerable distance to the closest site OC (11.60 km) [5]; which has allowed it to be
an area with the best conservation status of the lake, where there are the greatest species richness and
larger species, among them, A. dorsalis. This species is considered to be wide disperse in America [23]
registered as an invasive exotic species in Asiatic waterbodies in Filipinas [29]. The environmental
conditions of lake Amatitlan justify its presence, as it has a selective feeding of phytoplankton, thus,
it is common in eutrophic environments as this lake.

5. Conclusions

Physiochemical changes in the lake have impacted the behavior of the zooplankton biodiversity,
and have progressively changed the lake condition towards eutrophy. As the endemic species
Mastigodiaptomus amatitlanensis has not been reported since its description date, probably is an extinct
species. Lake Amatitlan showed more abundance of microzooplankton species dominated by rotifers
(specially brachionids) and a diminution of larger species like cladocerans and copepods that are
indicators of water quality per se. It is convenient to consider EC as a potential area for conservation
since it presents better environmental conditions for the conservation and preservation of
zooplankton biodiversity.
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