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MORPHOLOGICAL ALTERATIONS IN Keratella spp.
(MONOGONONTA: BRACHIONIDAE) FROM
LAKE PATZCUARO, MICHOACAN

Alteraciones morfologicas en Keratella spp.
(Monogononta: Brachionidae) del Lago de
Patzcuaro, Michoacan.

RESUMEN. Recientemente se registrd en la zona del
Embarcadero del Lago de Patzcuaro, Michoacan, que al-
gunos rotiferos del género Keratella presentaron altera-
ciones morfologicas. Se cuantifico que el 0.019% de la
poblacion de Keratella cochlearis y el 0.008% de K. ame-
ricana presentaron alteraciones morfologicas en distintas
espinas y ninguna present6 huevos. Estas anormalidades
pudieran estar relacionadas con diferentes tipos de conta-
minantes en el Embarcadero, por lo que podrian ser consi-
deradas como bioindicadores de toxicidad.
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Keratella is one of the most common genera of roti-
fers found in freshwater systems in Mexico: it shows high
plasticity and a rigid ornamented lorica with anterior and
posterior spines (Sarma & Nandini, 2017). The posterior
spine presents high morphological variations ranging
from its total absence to a large and rigid spine (Segers
& De Smet, 2008). The factors related to this variation

are temperature, trophic conditions, mutation accumula-
tion, and predator presence (Stemberger & Gilbert, 1987;
Galkovskaja & Mityanina, 1989; Bielanska-Grajner,
1995; Cieplinski et al., 2018). However, recent studies
have demonstrated that some pollutants can cause a varie-
ty of morphological and reproductive effects on different
groups of zooplankton (Elmoor-Loureiro, 2004; Zurek,
2006; Alvarado-Flores et al., 2015; 2019; Pérez-Y anez et
al., 2019). Moreover, lake Patzcuaro has been strongly
affected by anthropogenic contamination, which could
be damaging its associated biota (Chacon, 1993; Mijan-
gos-Carro et al., 2008; Hansen, 2012). Recent samplings
at Embarcadero site of Patzcuaro lake, registered some in-
dividuals of Keratella cochlearis with morphological al-
terations. This fact has motivated more detailed studies on
this organism to quantify the population percentage with
morphological changes, similarities of the alterations, and
if they modify the reproduction success of Keratella.

Environmental selected variables (Tables 1 and 2)
were measured at the Embarcadero site in Patzcuaro lake
(Fig. 1). Zooplankton collected in April 2017 was obtai-
ned filtering 80 L of water through a plankton net. Or-
ganisms were identified and quantified at the laboratory
using a Sedgwick-Rafter chamber, a NIKON ECLIPSE
TS 100 inverted microscope, and specialized taxonomic
keys (Koste, 1978; Sarma & Nandini, 2017). Fifteen re-
plicates were used for quantification. The three identified
species of Keratella were: K. americana, K. cochlea-
ris and K. tropica. For K. cochlearis the total percentage
of morphologically altered females was 0.019%, while
in K. americana was 0.008%, and K. tropica did not show
any alteration. These abnormalities consisted of atypical
patterns showed by anterior and posterior spines that have
not been described before (Fig. 2). Every not normal or-
ganism had a twist on the posterior spine (Fig. 3). Some
individuals of Keratella americana also showed morpho-
logical alterations that have not been reported previously,
where just the posterior spine had curvatures (Fig. 4). Or-
ganisms of K. americana and K. cochlearis without defor-
med spines showed a female/egg ratio of 0.19 and 0.015
egg.female! , respectively. In contrast, individuals with
altered spines did not show any presence of eggs.

Table 1. Environmental variables measured at the Embarcadero site of Lake Patzcuaro. Temperature (T), conductivity (Cond.), dis-
solved oxygen (DO), transparency (Tran.), depth (Depth), total alkalinity (Alk.), biochemical oxygen demand (BOD), total suspended

solids (TSS).
. T Cond. DO Tran. Depth A% BoD  TSs
Variables oC pS.cm mg.L" m m CagéO mgL! mgL!
April 2017
Embarcadero, Lake 19.2 1010 3.36 0.07 1.47 840 5.8 148
Patzcuaro.
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Table 2. Environmental variables measured at the Embarcadero site of Lake Patzcuaro. Hardness (Hard.), ammoniacal nitrogen (N-
NH3), N-nitrates (N-NO3), total coliforms (TC), fecal coliforms (FC), turbidity (Turb.), fats and oils (F. and O.).

Hard.

H mel-1 N-NH3  N-NO3 TC MPN/100 FC Turb.  F. and O.
Variables P e mgL-1  mgL-l ml MPN/100ml NTU  mg.L-1
aCO3
April 2017
Embarcadero, Lake 6.1 142 0.759 0.822 230 430 160 9.07
Patzcuaro.

Although it is not the first record of aquatic organis-
ms with morphological alterations, it is the first existing re-
cord for K. americana in natural conditions. Some works
of this nature have carried out laboratory experiments with
different contaminants using other species of invertebrates;
however, the observed alterations differ from those found
here (Alvarado-Flores et al., 2015, 2019; Pérez-Yaiez et al.,
2019). Gilbert and Kirk (1988) observed a high degree of
polymorphism in Keratella cochlearis exposed to predator
allelochemicals. K. cochlearis could change its size and ri-
gidity, or generate longer spines to avoid predation. In our
study, the registered malformations do not resemble those
that developed in the presence of predators; instead, it pre-
sents some variations that differ from these (Segers & De
Smet, 2008). Cieplinski e al. (2018) investigated the life
history of Keratella cochlearis, and found that some indivi-
duals presented deformations in their lorica; however, they
reported that the culture conditions may have accumulated
deleterious mutations.

On the other hand, in a reservoir associated with a
sulfur mine Zurek (2006) found that 0.1% of the Keratella
cochlearis population showed deformations in its spines,
which was associated with sulfides and other derivatives.
Other studies have demonstrated that morphological al-
terations in aquatic organisms may not only be related to
water pollutants, as is the case of two deformed species
of Testudinella described from an unpolluted lake (Coelho
et al., 2019). Opposite, there are studies where the cause of
some morphological alterations found in various organisms
is still unknown. Elmoor-Loureiro (2004) found that 40%
of Ilyocryptus spinifer population presented morphological
abnormalities in the anal spines of the postabdomen, and
she inferred that it could be due to the presence of some
toxic in the environment. In the case of the present study,
we also assumed that deformations could be attributed to
some toxic, but further studies are necessary to determine
this situation.
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Figure 1. Location of the Embarcadero site at lake Patzcuaro.
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Figure 2. Frequency of spines abnormalities of Keratella cochlearis and Keratella americana.

Figure 3. Morphological alterations in spines of Keratella cochlearis. 1. Typical structure of anterior and posterior spines. 2-11. Abnor-
mal structure of the posterior spine clearly showing a type of branching at the end of the spine. 2,8,12-13. Abnormally curved anterior
spines.
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Figure 4. Morphological alterations in spines of Keratella americana registered at Embarcadero of Patzcuaro. 1. Typical structure of
Keratella americana. 2-4. Alterations of the posterior spines.

Due to the presence of several pollutants, water bo-
dies deteriorated to such a degree that they are risky for
human health and other organisms, as it is currently the
case in Lake Patzcuaro. These pollutants came from di-
fferent sources or activities, such as the mismanagement
of untreated sewage, agriculture, livestock, microplastics,
etc. Sewage discharges also have a large contribution to
diffuse pollution in the form of phosphorous and nitrogen
compounds that favor the growth of cyanobacteria popu-
lations and the increase of cyanotoxin concentrations (Mi-
jangos-Carro et al., 2008; Tomasini ef al., 2016). Hansen
(2012), analyzed the content of metals in sediment cores
extracted from Lake Patzcuaro and found that the concen-
tration of lead became very high in the 70’s decade and
decreased in recent years. Other metals such as chromium,
arsenic, mercury, and nickel did not show high concen-
trations.

Embarcadero site at Patzcuaro is a boating zone
which has much transit of gasoline motorboats, and this
situation could be associated with the presence of specific
pollutants in the water; however, this needs a corrobora-
tion. Furthermore, the layer of gasoline and oil present
at the surface of the water could modify CO, concentra-
tions and pH (Cerdefa et al., 2014). Even the cause of
morphological alterations found in Keratella spp. is still
unknown, the factors previously mentioned have to be
considered in future studies. Besides, deformed structures
of this rotifer species could be used as bioindicators for
toxicity measurements in water quality analysis.
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