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Abstract: This study aimed to investigate the occurrence of micronuclei (MN) and erythrocyte nuclear
abnormalities (ENAs) in natural and captive Kinosternon scorpioides populations and compare their
frequencies with the environment type, sex, and seasonal period in an environmental protection area
in the state of Maranhdo, Amazon. Blood was collected from 112 specimens from regions with direct
anthropogenicinfluence and indirect and control areas to produce blood smears for subsequent cytological
analysis under an optical microscope. We found MN (N=91) and ENAs such as binucleated nuclei (N=14),
notched (N=81), lobulated (N=35), segmented (N=16), and displaced (N=253) in animals in situ. No
abnormalities were recorded in the erythrocytes of the captive specimens. The mean (+standard deviation)
MN (1.13£0.47) differed from those of the other chelonians from the natural environment, and the displaced
and binucleated nuclei manifested themselves at higher (51.6%) and lower (2.8%) frequencies, respectively.
Lobulated nuclei frequency was significantly different between the areas (p<0.05); segmented nuclei
(p<0.05) and displaced (p<0.05) had higher frequencies during the dry and rainy periods. Sex did not affect
these abnormalities. No significant MN were found; however, erythrocytes with lobulated, segmented,
and displaced nuclei were documented in animals from different environments and seasonal periods. Our
study provides pioneering data on MN and nuclear anomalies in the erythrocytes of K. scorpioides and
confirms the significant differences and relationships between them. The occurrence of abnormalities in
wild animals demonstrates the need to maintain protected areas and the continuity of conservation actions
aimed at Amazonian turtles. This contributes to reducing the impact on conservation units that employ the
sustainable use of biodiversity in Brazil.

Key-words: biomarkers; environmental stressors; micronuclei; turtle.

Resumo: Este estudo teve como objetivo investigar a ocorréncia de microntcleos (MN) e anormalidades
nucleares eritrocitarias (ANEs) em populacdes naturais e de cativeiro de Kinosternon scorpioides e comparar
suas frequéncias com o tipo de ambiente, sexo e periodo sazonal em uma area de protecdo ambiental no
estado do Maranhao, Amazonia. O sangue foi coletado de 112 espécimes de regides com influéncia antrépica
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direta e areas indireta e de controle para produzir esfregacos de sangue para posterior analise citolégica em
microscopio éptico. Encontramos MN (N=91) e ANEs como nucleos binucleados (N=14), entalhados (N=81),
lobulados (N=35), segmentados (N=16) e deslocados (N=253) em animais in situ. Nenhuma anormalidade
foi registrada nos eritrocitos dos espécimes em cativeiro. A média (+ desvio padrao) de MN (1,13+0,47)
diferiu daquelas dos outros quelénios do ambiente natural, e os nucleos deslocados e binucleados se
manifestaram em frequéncias maiores (51,6%) e menores (2,8%), respectivamente. A frequéncia de
nucleos lobulados foi significativamente diferente entre as areas (p<0,05); nicleos segmentados (p<0,05)
e deslocados (p<0,05) apresentaram frequéncias maiores durante os periodos seco e chuvoso. O sexo
nao afetou essas anormalidades. Nenhum MN significativo foi encontrado; no entanto, eritrécitos com
nucleos lobulados, segmentados e deslocados foram documentados em animais de diferentes ambientes e
periodos sazonais. Nosso estudo fornece dados pioneiros sobre MN e anomalias nucleares nos eritrocitos de
K. scorpioides e confirma as diferencas e relacées significativas entre eles. A ocorréncia de anormalidades
em animais silvestres demonstra a necessidade de manutencao de areas protegidas e a continuidade das
acoes de conservacao voltadas para os quelonios amazonicos. Isso contribui para a reducao do impacto em
Unidades de Conservacao que utilizam a biodiversidade de forma sustentavel no Brasil.

Palavras-chave: biomarcadores; estressores ambientais; microntcleos; quelénios.

1. Introduction

Kinosternon scorpioides (Linnaeus, 1766) is a widely distributed semiaquatic species that can be

L

affected by seasonal variations and food availability. The species is known as “jurara

~pre

or“mucua”in Brazil,
has a reproductive range, and can be found in lakes, ponds, rivers and on the ground 2, Studies on the
morphophysiological, reproductive, behavioral, ecological, environmental, and physiological aspects of
this and other turtle species have already presented clear and encouraging results. Such information
is essential for understanding the biology of this taxon and can act as a guideline for environmental
policies focused on ecosystem conservation and recovery and natural Amazonian turtle populations.

Maintaining viable turtle populations in ecosystems requires protection, management, and
monitoring efforts, which involve individuals, practical measures, effective conservation management
techniques, and population biomonitoring, which must be applied with community support ©.
Anthropogenic pressure, such as excess hunting, burning, and deforestation in protected areas, impacts
K. scorpioides and other turtles “. In the Amazon region, several K. scorpioides specimens have been
subjected to degradation. In this scenario, understanding the impact of environmental stressors is
relevant and allows for a qualitative understanding of their health and the environment. Despite the
subtle changes in their DNA, they must be further elucidated because exposure to mutagenic agents
can cause irreversible damage to genetic material, putting their health at risk ©.

Thus, biological biomarkers represent crucial instruments that signal molecular, biochemical,
physiological, cellular, or other changes in the tissues and/or organs of an organism, indicating direct
or indirect exposure to the harmful effects of environmental pollutants ©7#. The micronucleus (MN) test,
an inexpensive, simple, and easy-to-apply technique, is crucial for evaluating mutagenic effects in blood
cells, which has been frequently used in environmental studies to analyze structural changes and DNA
stability in aquatic fauna ©.
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MNs are cytoplasmic elements containing chromatin that arise during cell division when acentric
chromosome fragments are left behind, complicating their connection with the main nucleus of
daughter cells. Their formation results from genetic changes that manifest as chromosomal or mitotic
spindle abnormalities. This irreversible process is passed on to future generations, reducing the genetic
diversity of populations and harming animals residing in the affected regions "%, In this context, MNs
evaluation is crucial in biomonitoring research because it provides reliable data on the environmental
quality.

In this sense, studies in this area are important because turtles are excellent indicators of
environmental quality and potential dangers to human health and biodiversity owing to their wide
distribution and sensitivity to pollutants. In many cases, their physiology, behavior, and ecology are
influenced by global environmental factors .

Therefore, this study aimed to investigate the presence of MN and erythrocyte nuclear abnormalities
(ENAs) in free-ranging and captive K. scorpioides populations and compare their frequencies with the
type of environment, sex, and seasonality in an Environmental Protection Area (APA) located in the state
of Maranhao, which is a part of the Amazon.

2. Material and methods

2.1 Study area

The environmental protection area of Baixada Maranhense is in the State of Maranhao, which is
a part of the Amazon and was placed on the Ramsar list on February 29, 2000 2. It is among the most
important Brazilian Ramsar sites and was included in the National Strategic Plan of Protected Areas -
PNAP 13,

Based onthe level of humaninterference and direct and indirect environmental effects, as evidenced
by the presence orabsence of deforestation, burning, mangrove and field devastation, predatory hunting,
and urban waste, as well as the distribution of specimens by region and various environments, we
grouped the sampling points into three categories: A1 (urbanized area, direct anthropogenic influence),
A2 (area with vegetation, indirect influence), and A3 (UEMA scientific breeding ground, control group).

The A2 category is marked by the abundant presence of trees, shrubs, and other native plant species
that occupy the site, which protect the soil against erosion and help preserve the ecological balance. The
area is full of biodiversity, presenting diverse plant and animal species, which is characteristic of the
Brazilian Amazon region. The local flora directly impacts the climate, hydrological cycle, air quality, and
habitat of animals and other living organisms. This region exhibits minimal or no human interference.

In contrast, human activity is intense in the A1 category, considerably impacting the natural
resources. There is a developed infrastructure with changes in land use, pollution, and noticeable
environmental effects from industrial, commercial, and residential activities that have developed in its
surroundings. Population density is high, thus changing the natural landscape, where native vegetation
is replaced by urban areas and other constructions that directly affect the original natural environment.
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Economic and social activities in this region are accentuated and constant. Generally, it is characterized
by strong interference in the natural environment, human actions, and changes in the landscape.

The animals in the control group were kept at the UEMA Scientific Breeding Center under the
authorization of the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA-MA),
n°. 1899339/2008 (Figure 1). The aviary has an area of 159.92 m” and consists of five stalls with galvanized
iron screen walls, including the roof. Each stall occupies an area of 13.94 m?, forming a part of the total
constructed area of approximately 91 m” In addition, it has a free area of 68 m?, a ceramic-lined masonry
tank, a ramp for animal access, available water, and a drainage system. The aviary contains trees, gravel,
sand, and a large open space with natural ventilation, providing an environment similar to the natural
habitat of the species. On alternate days, adult animals were handled to renew the water in the tanks,
received food, and monitoring their health. They were identified individually and fed daily, preferably
in the morning. While cleaning the area, the use of cleaning products was avoided and all animals were
removed from their stalls for this purpose.

2°0's

N

2°308

Criadouro
Cientifico — ¢
UEMA

Sdo Bento_»

A A, X 5
45°30'W 45°0'W 44°30'W 44°0'W

Figure 1.The locations of sampling points grouped as urbanized areas (1, 3, and 7) and with vegetation (2, 4, 5, 6, 8, and 9) in
Pinheiro (MA), Sdo Bento (MA) and Sdo Jodo Batista (MA) in the Baixada Maranhense, in addition to the UEMA Scientific Breeding
Center, Sdo Luis, Maranhdo, Brazil. (Para - PA; Maranhdo - MA; Piaui - Pl and Tocantins - TO).

The nine collection points are in strategic regions covered by the EPA. This was intended for better
data amplitude, as well as mapping of anthropized or non-anthropized regions, such as the cities of
Pinheiro, Maranhao (P1 - Maria Santa 2°32'5"S 45°4K19XW; P2 — upper Pericuma River 2°35'38"S 45°5'1"W;
P3 - Sluice 2°27'16"S 45°0'44"W; P4 - lower Pericuma River 2°28'51"S 45°2'48"W; P5 — middle Pericuma
River 2°27'29"S 45°1'5"W); Sao Bento, Maranhdo (P6 — Campo do Chagas 2°40'49"S 44°50'26"W; P7 -
Campo do Alegre 2°42'3"S 44°51'37"W; P8 — Defunto 2°40'20"S 44°48'1"W); Sdo Jodo Batista, Maranhao
(P9 — Pucédo do Meio 3°0'22"S 44°47'41"W).
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2.2 Environmental parameters of the water and soil

The abiotic variables of the lake water and field near the animal capture sites were measured
between 8 and 10 am. The pH, temperature (T), and dissolved oxygen (DO) were measured using a
multiparameter meter (Akso, AK88°®), which was immersed in 4 m deep water. Lake water was divided into
three water columns (three sample replicates), and the mean values were calculated. These parameters
are important from the ecotoxicological point of view since they offer a safe assessment of the quality
of water bodies, in addition to being commonly used in analyses integrated with other biomarkers of

environmental interest.

Soil samples were collected for complete chemical analysis considering the elements K, Ca, Mg, Al,
H-+Al complex, base saturation (BS), cation exchange capacity (CEC), and micronutrients such as Fe, Mn,
Cu, S, Zn, and organic matter (OM). Five simple samples were collected in a zigzag pattern at each point
for a single composite sample composition. For this purpose, an auger was placed at 20 cm depth 4,
Single portions were mixed to obtain a homogeneous compound, and 600 g was removed to obtain the
final representative sample of the collection points. Subsequently, the samples were stored in closed,
labeled plastic bags and sent to the laboratory for analysis.

2.3 Testing for MN and ENAs in K. scorpioides

Theresearch protocolforbiological analyses was submitted to the Ethicsand Animal Experimentation
Committee (EAEC) of the State University of Maranhdo (UEMA), approved under opinion n.° 10/2021, and
followed all recommended animal welfare principles. For capturing the animals, the study was licensed
via the Biodiversity Information and Authorization System (SISBIO), registration n.c 85805-1. Individual
animals were captured using artisanal circular funnel traps in August and October 2021; April, June,
October, and December 2022; and March 2023. We captured 112 animals, including 89 free-ranging and
23 captive, of which 50 were males and 62 females.

The MN test was conducted according to the protocol proposed by Grisolia et al. "> with some
modifications. Several anomalies are associated with the erythrocyte nucleus of K. scorpioides, including
lobulated, notched, segmented, binucleated, and displaced nuclei, in addition to MN. Before blood
collection, all necessary precautions were taken to prevent stress in animals and sample contamination.
Blood was then collected by puncturing the occipital venous sinus using a syringe with a hypodermic
needle (0.7X25 mm?) after relaxing the animal muscles. Anesthetic use was avoided because it could
interfere with the results of the biomarkers.

Two slides were produced per animal for 224 blood smears. In each of them, an aliquot of
approximately 30 L blood was used, which was subsequently dried at room temperature (between 25
°C and 32 °C) for 24 h, followed by fixation in ice-cold 10% methanol for 20 min and staining with 10%
Giemsa solution diluted in 0.2 M phosphate buffer (KH2PO4). The slides were washed under running
water and dried at room temperature, with readings performed under an optical microscope using the
zigzag visualization technique at 100x magnification. A sampling effort of 30 min was used for each slide
to examining 1.000 erythrocytes per slide, totaling 2.000 per turtle (9.
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2.4 Data analysis

The data were subjected to Shapiro-Wilk and Levene tests to verify the normality and
homoscedasticity of variance, respectively. Analysis of variance (one-way ANOVA) was performed
to evaluate the differences between the environments, seasonal period, and sex, as well as summary
statistics of the means and standard deviation; when a significant difference was found, they were
subjected to the Tukey test using the Past 4.08 statistical program (Paleontological Statistics Software)
considering a significance level of 5% (p<0.05).

3. Results

3.1 Environmental parameters of the water and soil of the Baixada Maranhense

The DO concentrationsinthe watersin ATand A2 (table1), when related to the two sampling periods
(dry and rainy), were low and did not comply with the quantities allowed by the Conselho Nacional do
Meio Ambiente (CONAMA) (1718,

In the soil samples, the mean K and Ca contents were high in A1 in the dry season, while Mg, BS, Al,
H-+Al, and CEC were high in A2 in the same period (Table 2). The mean Fe, Mn, Cu, and Zn contents were
high in A2 in the dry season. The mean S content was also high in A1 during this period (Table 2).

Granulometric studies revealed that A1 had the highest mean sand content (453.67+206.00 g/kg)
in the rainy season, and A2 high silt/clay contents in both climatic periods (Table 3).

Table 1. Summary statistics of the physicochemical variables of the water of the different capture environments
(A1 and A2) of Kinosternon scorpioides in the Baixada Maranhense in the months of August and October 2021;
April, June, October and December 2022; and March 2023 in the dry and rainy periods in the Baixada Maranhense.
SD = Standard deviation; pH = Hydrogenionic potential; DO = Dissolved oxygen.

Abiotic variables Al - A2 :
dry rainy dry rainy
Minimum 2.60 2.50 0.80 0.30
DO (mg/L) Maximum 6.00 4.30 6.90 3.10
Mean+SD  4.24+1.41* 3.40+1.27* 3.71+£1.86* 2.20+1.28*
Minimum 5.60 6.00 3.70 5.70
pH Maximum 7.70 6.30 7.20 7.70
Mean + SD 6.28+0.82 6.15+0.21 5.79+0.94* 6.70+0.82
Minimum 28.95 28.20 27.30 28.20
Temperature (°C) Maximum 30.40 29.00 30.80 30.40
Mean+SD  29.60+0.64 28.60+0.57 28.87+1.26 29.30+0.91

*For values in disagreement with Conselho Nacional do Meio Ambiente - CONAMA 178 (reference values for water: DO>5.0
mg/L; pH 6.0 to 9.0; Temperature <40 °C.
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Table 2. Concentrations of chemical elements and micronutrients present in the soil corresponding to the
different capture environments (A1 and A2) of Kinosternon scorpioides in the Baixada Maranhense in August and
October 2021; April, June, October, and December 2022; and March 2023 in the dry and rainy seasons.

. . A1
Abiotic variables - -
dry rainy dry rainy
Elements (cmol/dm3)*
Minimum 0.21 - 0.04 0.09
K Maximum 0.87 - 0.81 0.75
Mean + SD 0.48+0.35° - 0.47+0.292 0.34+0.36°
Minimum 1.19 - 1.17 0.31
Ca Maximum 6.66 - 5.93 7.59
Mean + SD 3.89+2.74° - 3.86+1.58° 2.81+4.14°
Minimum 2.82 - 1.90 0.73
Mg Maximum 6.50 - 7.59 5.60
Mean + SD 4.76+1.85¢ - 5.62+2.00¢ 2.73+£2.55¢
Minimum 0.17 - 2.33 2.13
Al Maximum 1.69 - 26.58 9.64
Mean + SD 0.80+0.79 - 6.79+9.71 6.69+4.01
Minimum 3.59 - 13.09 16.36
H+Al Maximum 12.88 - 35.94 24.05
Mean + SD 7.94+4.67¢ - 19.99+8.04¢ 20.53+3.89¢
Minimum 4.22 - 3.30 1.10
BS Maximum 14.00 - 12.90 13.90
Mean + SD 9.12+4.89¢ - 9.91+3.50¢° 5.87+6.99¢
Minimum 7.82 - 21.90 22.30
CEC Maximum 22.01 - 47.90 30.30
Mean + SD 17.07+8.02f - 29.94+1.26f 26.42+4,00
Micronutrients (mg/dm?3)
Minimum 270.23 - 274.75 151.21
Fe Maximum 993.47 - 1131.20 853.32
Mean + SD 587.47+369.70 - 622.15+363.61 416.11+£381.46
Minimum 7.68 - 30.04 7.08
Mn Maximum 35.65 - 134.67 47.01
Mean + SD 23.72+14.43 - 72.55+37.92 21.54+22.13
Minimum 0.27 - 0.48 0.42
Cu Maximum 0.83 - 1.18 0.83
Mean + SD 0.63+0.31 - 0.80+0.25 0.65+0.21
Minimum 102.75 - 102.75 2.92
S Maximum 188.80 - 199.37 79.95
Mean + SD 158.07+48.01 - 136.80+40.44 35.31+£39.95
Minimum 1.14 - 2.32 1.49
Zn Maximum 3.87 - 7.92 8.58
Mean + SD 2.48+1.37 - 5.29+2.21 4.08+£3.91

Interpretation classes of soil content for K: very low (0-30), @ low (31-60), medium (61-120), high (121-235), and very high
(>235). Ca: low <1.5,» medium 1.5-4.0, high >4.0. Mg: low <0.5, medium 0.5-1.0, < high >1.0. H+Al: low <2.5, medium 2.5-5.0,
4 high >5.0. BS: low <2.0, medium 2.0-5.0, ¢ high >5.0. CEC: low <4.5, medium 4.5-1.0, fhigh >10. Different lowercase letters
indicate the concentration of the chemical elements in the soils at the collection points (p<0.05), as defined by Prezotti and

Guaconi . BS - Base Saturation; CEC - Cation Exchange Capacity.
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Table 3. Granulometry of the soil of the habitats (A1 and A2) of the sampled specimens of Kinosternon scorpioides,
obtained during the collections between the months of August and October 2021; April, June, October, and
December 2022; and March 2023 in the dry and rainy periods in the Baixada Maranhense.

Granulometry (g/kg) Al - A2 .

dry rainy dry rainy

Minimum 248.00 - 110.00 170.00

Sand Maximum 660.00 - 540.00 236.00
Mean +£SD  453.67+206.00 - 275.33+148.93 197.33+£34.43

Minimum 140.00 - 110.00 234.00

Silt Maximum 222.00 - 505.00 384.00
Mean + SD 176.33+41.79 - 249.67+£155.87 306.00+75.18

Minimum 200.00 - 330.00 380.00

Clay Maximum 530.00 - 750.00 580.00
Mean +£SD  370.00+165.23 - 475.00+£174.79 496.67+104.08

The mean OM level in A2 (29.16 g/kg) was higher than in A1 (15.95 g/kg). The numbers in A2
increased the CEC (21.94 to 47.93 cmol /dm?). In A1, they ranged from 7.82 to 21.38 cmol /dm?®.

3.2 MN and ANE in K. scorpioides

MN test results revealed that 26.7% (60/224) blood smears showed some alteration in erythrocyte
nuclear morphology in addition to MN. Out of these samples, 33.3% (20/60) and 95% (57/60) showed
MN and some form of ENA, respectively. More erythrocytes with MN were found in the animals from
A2 (N=71) than in those from A1 (N=20). The ENAs identified were nuclei binucleated erythrocytes (B),
notched (NN), lobulated (LN), segmented (SN), and displaced (DN; Figure 2). We did not identify MN or
other ENAs in the samples from the 46 captive animals. The values in Table 4 refer to those in the animals

from areas A1 and A2.
.
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Figure 2. Erythrocytes of Kinosternon scorpioides. Presentation of micronucleus (MN) and erythrocyte nuclear abnormalities
(ENAs) of specimens captured in areas A1 and A2 in the Baixada Maranhense, with the use of 10% Giemsa stain and visualization
under 100x magnification. Black arrows indicate: A - Normal erythrocytes; B — Erythrocyte with micronucleus; C - Binucleated
erythrocyte; D - Notched nucleus; E — Lobulated nucleus; F - Segmented nucleus and G - Displaced nucleus.

Among the 490 erythrocytes counted, DN occurrence (N=253; 51.63%) was more frequent than Bl
(N=14, 2.85%; Table 4). Erythrocytes with SN, LN, and DN abnormalities were the most recurrent in most

samples.
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Table 4. Quantitative analysis of the types of erythrocyte nuclear anomalies (ENAs) recorded in samples of
Kinosternon scorpioides captured from A1 and A2 in the Baixada Maranhense, Maranhéo, Brazil.

Abbreviation Variable N°. of Frequency (%)
erythrocytes

MN Micronucleus 91 18.57
Bl Binucleate 14 2.85
NN Notched nucleus 81 16.53
LN Lobulated nucleus 35 7.14
SN Segmented nucleus 16 3.26
DN Displaced nucleus 253 51.63

Total 490 100

Comparing the means of the variables corresponding to MN and ENA according to environment,
sex, and seasonal period indicated that the number of DN was higher in the animals from A1 (4.66+0.81).
However, the number of LN were significantly different between the animals from A1 and A2 (p<0.05;
Table 5). When the means of the variables were checked according to the seasonal period, the numbers of
SN and DN in K. scorpioides erythrocytes were significantly higher in the dry season (5.27+0.90, p<0.05;
Table 5). Therefore, environmental and climatic conditions directly affect the occurrence of erythrocyte
anomalies. Sex did not interfere in the formation of these abnormalities, and the highest means detected
showed similar values between males (4.30+0.76) and females (4.36+0.79) with DN in erythrocytes. The
mean and standard deviation of MN detected in adult specimens of K. scorpioides (1.13+0.47) differed
from that in other chelonians (Table 6).

Table 5. Summary statistics of the frequencies of micronuclei and erythrocyte nuclear abnormalities (ENAs) in
males and females of Kinosternon scorpioides (N=60) from the Baixada Maranhense (A1 and A2), in different
periods (dry and rainy), in the months of August and October 2021; April, June, October and December 2022 and
March 2023.

Environment Sex Season
Variable A1 A2 male female dry rainy
Mean £ SD p-value Mean % SD p- Mean £ SD p-value
value

MN
NN
LN
SN
Bl
DN

1.06+£0.44 1.51+0.56 0.4164 1.50+0.57 1.54+0.57 0.9088 0.97+0.58 1.13+0.47 0.8600
1.44+0.41 1.35£0.33 0.8628 1.37+0.34 1.30£0.33 0.5844 1.57+x0.41 1.52+0.44 0.1338
0.63+0.18 0.58+0.15 0.02839* 0.59+0.15 0.59+0.15 0.7112 0.63+0.18 0.68+0.19 0.9860
0.21£0.08 0.26+0.08 0.9590 0.27+0.08 0.27+0.08 0.6536 0.34+0.11 0.22+0.09 0.02949*
0.23£0.08 0.23+0.06  0.3521  0.22+0.06 0.23+0.06 0.2660 0.21+0.08 0.25+0.08 0.1176
2.74+0.49 4.66+0.81 0.05789 4.30+0.76 4.36+0.79 0.6065 5.27+0.90 2.63+0.52 0.0008336*

Abbreviations: MN: Micronucleus; NN: Notched nucleus; LN: Lobulated nucleus; SN: Segmented nucleus; Bl: Binucleate; DN:
Displaced nucleus; 10ne-way ANOVA/*Significant difference (p<0.05).

Table 6. Comparison between means and standard deviation (SD) of MN found in erythrocytes of Kinosternon
scorpioides with those in other chelonian species in marine and freshwater environments of Brazil.

Species SD  Stage of life Reference
Kinosternon scorpioides 113 047 Adult This study
Trachemis callilostris Fresh water 1.25 0.91 Adult Zapata et al.?)
Phrynops hilarii 0.62 0.18  Juvenile/Adult Latorre et al.@")
Podocnemis expansa 0.60  0.60 Hatchling Frossard et al.®)
Chelonia mydas - 078 058 Hatchling Frossard et al.®?)
Chelonia mydas . 356 159 Juvenile Silva et al.®)
Lepidochelys olivdacea Marine 100  3.60 Adult Herrera and Baena %)
Caretta caretta 15.82 15.16 Juvenile/Adult Casini et al

Source: Frossard et al. ?, The confidence Interval (Cl) at 95%.
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4, Discussion

The estimated MN frequency in K. scorpioides coincided with that in other turtles, such as
Trachemys callirostris, which presented 79 MN in erythrocytes. In addition to MN, our findings revealed
other anomalies in the erythrocytes of K. scorpioides, contradicting the results of most studies that
focused only on MN analysis, particularly in aquatic mammals 2527, Previous studies have shown that the
MN test effectively detects changes in reptile and bird erythrocytes, thus providing pertinent biological
information in addition to acting as a signal of harmful effects in aquatic animals. In this scenario, the
results of this study are particularly important, as no evidence of MN or other erythrocyte anomalies in
the species under study is available.

Our results did not reveal MN of captive K. scorpioides. One factor linked to the occurrence of these
abnormalities is the reduced number of animals in the area ®®. Furthermore, stress factors that change
the cell nucleus are uncommon in captive animals. Regarding the proportion of captive animals relative
to free-ranging animals, Zapatta et al. ?¥ and Latorre et al. ?" reported proportions similar to that of this
study (20 and 32 animals, respectively). Previous studies have reported reduced numbers and absence of
MN in both captive and free-ranging Macroclemys temminckii and Kinosternon subrubum 9.

The average number of MN in animals from A2 was higher than from A1, although the difference was
not statistically significant. These findings confirm the results reported by Castano et al. ©* for specimens
collected from regions with vegetation (3.33+0.62) and are similar to those reported by Zapata et al.
@0 who identified a higher mean (8.04+7.08) in T. callirostris captured in rivers and subjected to stress
factors. The scarcity of MN in free-ranging individuals could be attributed to its ability to adapt to regional

environmental conditions and changes ©°.

Although the animals in this study were captured from urban and vegetated areas in an APA in
Maranhao, which presented varying levels of human interference, our reports indicated a low incidence
of MN, suggesting that direct environmental impacts have not yet been manifested in these regions.
These data are similar to those presented by Moron et al. ¢ on Podocnemis expansa from an APA in
Tocantins, Brazil. In previous studies conducted with P. hilarii and Caretta caretta ?®, Casini et al. ?*
demonstrated that MN showed significant responses from an environmental perspective and indicated
possible effects on these species. The change in the origin of this anomaly indicates the quality of the
environment, as it is common in animals from regions affected by environmental issues and imbalances,
which compromise their survival ¢,

Matson et al. © reported that industrial effluents act as environmental tensors in the impacted
ecosystems. They identified the absolute values of MN in Emys orbicularis and C. mydas (N=23 and
1,254, respectively) when subjected to the negative impacts of agricultural activities in urban areas. These
values exceeded those reported in our study for A1 (N=20). Furthermore, Castaino et al. * suggested
that the high rates of nuclear anomalies in animals from urban and vegetated regions might be linked to
human and agricultural activities that have considerable effects on these animals.

The results of the MN test did not reveal a significant difference between the sexes, confirming that it
is an element that does not influence nuclear changes. Similar studies confirmed this same trend, such as
that carried out by Borges et al. %, who analyzed the health of Podocnemis unifilis kept in a sustainable
development reserve in the state of Amazonas, Brazil, and identified erythrocytes with SN and LN. When
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examining different environments and times of the year, we observed notable differences in the nuclear
abnormalities of erythrocytes with LN in K. scorpioides. This differentiates the data reported by Borges
et al. ®¥ from that reported in this study.

The description of nuclear anomalies in our study revealed a high number of erythrocytes with DN,
which appears to be frequent in free-ranging K. scorpioides captured from urban areas. This suggests
that, in contrast to turtles from regions with large vegetation, those inhabiting urban areas are more
likely to present this anomaly. Furthermore, the high frequency observed in K. scorpioides may be
related to environmental conditions, particularly during the dry season in Maranhao.

Although previous studies suggest that this anomaly is rare, evidence in birds indicates frequent
DN occurrence when exposed to pollutants. These erythrocytes exhibit different rotations and
displacements of the nucleus in the cytoplasm ©>39, which has also been confirmed in K. scorpioides.
Araujo et al. 7 reported notable anomalies in P. expansa cells affected by stress factors and neonates
exposed to zinc oxide nanoparticles. This information highlights the importance of additional studies to
detect pollutants in the blood of turtles to better characterize their effects on Chelonian populations,
particularly K. scorpioides.

NN were the third most frequent anomalies in this species. According to Carrasco et al. ®®, this was
the second most frequent anomaly rate in fish from polluted areas. It was also reported by Quero et al.
69 whiles studying birds, where 74% specimens from a protected area in Argentina were represented by
the NN, which is seen as a specific biomarker of genetic damage in passerines, since they are common

in impacted environments.

Our study revealed a reduced number of binucleated erythrocytes in K. scorpioides. This type of
erythrocyte has two nuclei in the cell, which can be separate or associated, with similar dimensions and
colors “9, Several abiotic elements can affect the existence or absence of nuclear abnormalities in reptile
erythrocytes. In our study, small changes in water temperature were noted at the points where the
animals were captured. Cavas and Ergene-Goziikara “” found that water heating caused DNA damage in
Mugil cephalus, which was confirmed by the presence of MN and binucleate nuclei.

A joint evaluation of several methodologies used in environmental biomonitoring, combined
with mutagenic biomarkers, provides solid and reliable conclusions regarding animal health and
environment. This can help in selecting measures to be taken in areas affected by human activities.
Due to the influence of these parameters on metabolism, growth, nutrient availability, and toxicity,
environmental biomonitoring research should use aquatic animals as biomonitors “2,

In this context, regions affected by uncontrolled population growth have environmental resources
compromised by human sources, such as domestic and industrial waste, which harm soil, fauna, flora,
and water resources “®. Furthermore, the same author recorded the influence of these factors in an
aquatic environment located in an urbanized region, which had a significant impact on water quality
and animal life. In this study, the DO levels detected in the natural environment did not comply with
environmental standards, unlike what we observed for pH. From an environmental perspective, these
parameters are crucial indicators because when present in low concentrations in water, the survival of

several species may become impossible 4.

In addition to water bodies, soil is also effective in detecting pollutants “*°. They can retain trace

elements, such as xenobiotics, which impact aquatic life. To monitor impacted areas, their chemical
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elements must be analyzed. Despite the low presence of Al, Pb, Fe, Cu, Mn, and Zn in nature, they are
toxic because they are reactive and mutagenic, causing oxidative stress and irreparable DNA damage to

DNA when in low concentrations “647),

We recorded high Ca and Mg concentrations in urban areas as well as H+Al in regions with
vegetation. The absence of these components may indicate contaminated soil because when combined,
they prevent these substances from causing toxic damage to plants, which serve as food for various
animals. The surface transport of chemical elements in the soil facilitated by rain allows access to water
bodies and, consequently, pollution, in addition to causing ecosystem imbalances.

High levels in green regions indicate that the soil has not yet been affected by pollutants and that
it has been well preserved. According to Silva et al. 2%, the high CEC of soil allows retains nutrients and
ionic pollutants, thus reducing water pollution and negatively affecting animal health.

In this study, the OM levels in the soil were high. Santos and Zanello “® also reported high OM
levels in soils from Maranhao, confirming that its possible accumulation results in high CEC, as found
in this study. Cu is commonly found in clayey soils owing to its ease of nutrient leaching. They are vital
components of turtle reproduction, particularly egg production, oxygen transport, energy generation,
and enzymatic activity 9.

In contrast, Zn deficiencies were more frequent in clayey soils in urban areas. Prezotti and Garconi
19 argued that high doses of fertilizers, particularly phosphates, could considerably reduce the presence
of Zn in Acrisols. High Cu and Zn levels are essential for the enzymatic functions of living organisms.
However, at low concentrations, they can harm animal health.

The high levels of Fe and Na documented in urban areas may indicate the presence of pollutants.
Although they are naturally found in soil, they can still be introduced directly through human and
industrial activities. Lima et al. “Y observed high Fe concentrations in soils of a vegetated region in the
state of Minas Gerais, Brazil. However, the lack of legal parameters for detecting and analyzing these
elements in ecosystems makes it difficult to implement actions that preserve and mitigate their direct
effects on these resources.

5. Conclusion

Our study provides pioneering data on MN and nuclear alterations in the erythrocytes of K.
scorpioides, demonstrating significant differences and relationships between specimens captured from
different environments and climatic seasons. We documented the absence of these abnormalities in
captive individuals, unlike those living in the free-ranging, with no differences in mutagenic responses
betweensexes.|tisimportanttoemphasizethatanappropriate samplesize, cleargeographicdelimitation,
and the use of reliable cytological biomarkers, such as those used in this study, are essential to obtain
accurate, representative, and robust data, aiding the conservation and understanding of the health and
biology of Amazonian turtles in different environments and seasons. Although nuclear anomalies were
detected in the free-ranging specimens, they did not necessarily signal severe environmental impacts.
However, they indicated the need for continuous biomonitoring of protected areas and maintenance of
conservation measures aimed at Amazonian turtles to reduce the effects in protected areas that practice
sustainable use of biodiversity in Brazil.
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