





Editora chefe
Prof? Dr® Antonella Carvalho de Oliveira
Editora executiva
Natalia Oliveira
Assistente editorial
Flavia Roberta Bardo
Bibliotecaria
Janaina Ramos
Projeto grafico
Camila Alves de Cremo
Daphynny Pamplona
Gabriel Motomu Teshima 2022 by Atena Editora
Luiza Alves Batista  Copyright © Atena Editora
Natalia Sandrini de Azevedo Copyright do texto © 2022 Os autores
Imagens da capa Copyright da edicao © 2022 Atena Editora
iStock Direitos para esta edicdo cedidos a Atena
Edicdo de arte  Editora pelos autores.
Luiza Alves Batista Open access publication by Atena Editora

Todo o conteldo deste livro esta licenciado sob uma Licenca de Atribuicdo
@ Creative  Commons.  Atribuicao-Nao-Comercial-NaoDerivativos 4.0

Internacional (CC BY-NC-ND 4.0).

0 conteudo dos artigos e seus dados em sua forma, correcao e confiabilidade sdo de responsabilidade
exclusiva dos autores, inclusive ndao representam necessariamente a posicao oficial da Atena Editora.
Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos autores,
mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Todos os manuscritos foram previamente submetidos a avaliacdo cega pelos pares, membros do
Conselho Editorial desta Editora, tendo sido aprovados para a publicagdo com base em critérios de
neutralidade e imparcialidade académica.

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do processo
de publicacado, evitando plagio, dados ou resultados fraudulentos e impedindo que interesses
financeiros comprometam os padrdes éticos da publicacdo. SituagOes suspeitas de ma conduta
cientifica serdo investigadas sob o mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Biologicas e da Salide

Prof? Dr? Aline Silva da Fonte Santa Rosa de Oliveira - Hospital Federal de Bonsucesso
Prof® Dr? Ana Beatriz Duarte Vieira - Universidade de Brasilia

Prof® Dr® Ana Paula Peron - Universidade Tecnol6gica Federal do Parana

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof® Dr® Anelise Levay Murari - Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias


https://www.edocbrasil.com.br/
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4513496Y0&tokenCaptchar=03AGdBq2458SPEQEODzlpQokb908t-TrS0q2mqXiZD6E_s0Whm3-17m2vEy8T6m32llHGBw7IUUXUsDXsYl2ifZ6ylcJRVOwOu41x4ehDsFw5_UQnamyfWyea7fLGzOKX3erqFJvpeKNM5UCMiHww_gNsPDkpu45SBAl3Nq6SyjzbG9FK0SW5tkk0wxo1jwdXUwwqU_DekSrQRdbJEQr0_jmFvIxARjUZ6fb9LY216FLc2QY4i3famcP4_1ctxdQ9cS_w4WEzZWjNkOG0MmGd_Jgkv1mdc8xbWO9eSYAhq1o7MmLZN7Dy5LyJHpiOE0vwQKextWR30f6uvJLxQN6skwsQqnbHZqC82FAYK_4-VHMFabZ96ihZ_uNcsQ5koyhFJTSX9fuEZESvQkrnt3gn3XRWpa3ZyAErKG4F4IyARHmQxM3d6Y6JCW5RIg-Z1Tul4zl7gV9b55T2pKoT3r6Kn2SA27jtUyzT-zw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=EC728E48AFE16A98FFC773D5A8602CDB.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=EC728E48AFE16A98FFC773D5A8602CDB.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=3C9AE197E57189A69901A5CA9DA477A9.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4267496U9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4773603E6
http://lattes.cnpq.br/5082780010357040

Prof. Dr. Cirénio de Aimeida Barbosa - Universidade Federal de Ouro Preto

Prof® Dr? Daniela Reis Joaquim de Freitas - Universidade Federal do Piaui

Prof® Dr® Débora Luana Ribeiro Pessoa - Universidade Federal do Maranhao

Prof. Dr. Douglas Siqueira de Aimeida Chaves - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri

Prof® Dr® Elizabeth Cordeiro Fernandes - Faculdade Integrada Medicina

Prof® Dr® Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof® Dr® Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina

Prof® Dr? Eysler Gongalves Maia Brasil - Universidade da Integragao Internacional da Lusofonia Afro-Brasileira
Prof. Dr. Ferlando Lima Santos - Universidade Federal do Recéncavo da Bahia

Prof® Dr® Fernanda Miguel de Andrade - Universidade Federal de Pernambuco

Prof. Dr. Fernando Mendes - Instituto Politécnico de Coimbra - Escola Superior de Salde de Coimbra
Prof® Dr® Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Helio Franklin Rodrigues de Almeida - Universidade Federal de Rondénia

Prof® Dr? lara Luicia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande

Prof. Dr. Jefferson Thiago Souza - Universidade Estadual do Ceara

Prof. Dr. Jesus Rodrigues Lemos - Universidade Federal do Piaui

Prof. Dr. Jonatas de Franga Barros - Universidade Federal do Rio Grande do Norte

Prof. Dr. José Aderval Aragao - Universidade Federal de Sergipe

Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para

Prof® Dr® Juliana Santana de Curcio - Universidade Federal de Goias

Prof® Dr® Livia do Carmo Silva - Universidade Federal de Goias

Prof. Dr. Luis Paulo Souza e Souza - Universidade Federal do Amazonas

Prof® Dr® Magnélia de AraGjo Campos - Universidade Federal de Campina Grande

Prof. Dr. Marcus Fernando da Silva Praxedes - Universidade Federal do Recdncavo da Bahia
Prof® Dr® Maria Tatiane Gongalves Sa - Universidade do Estado do Para

Prof. Dr. Maurilio Antonio Varavallo - Universidade Federal do Tocantins

Prof® Dr® Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr® Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof. Dr. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof® Dr® Regiane Luz Carvalho - Centro Universitario das Faculdades Associadas de Ensino
Prof® Dr® Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof® Dr® Sheyla Mara Silva de Oliveira - Universidade do Estado do Para

Prof® Dr® Suely Lopes de Azevedo - Universidade Federal Fluminense

Prof® Dr® Vanessa da Fontoura Custédio Monteiro - Universidade do Vale do Sapucai

Prof? Dr® Vanessa Lima Gongalves - Universidade Estadual de Ponta Grossa

Prof® Dr? Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof? Dr® Welma Emidio da Silva - Universidade Federal Rural de Pernambuco


http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4767996D6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4574690P9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751642T1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4125932D9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4785541H8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4707037E3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?metodo=apresentar&id=K4721661A9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4730006H5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4799345D2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4431074H7
https://orcid.org/0000-0002-5205-8939
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4421455Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4777457H7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4732623J3&tokenCaptchar=03AGdBq24iB-Pof08yPIxT6yxqim-Gnz-Y1IERLxwCNF6X8B9QzolzMoUtSDkPD6WZqA3yZ9AocEA-Ms1KKdTiOsRHg3DhIQwGo4ezaV3L0m_jo_oNAt2bpDjn-YYZVFAVh_wflb5D7E2YzRSy1Owzi0PkDAULG_dxn3s8nGd7OI4JiQUTInBUYirVwP-tlf_CP0AcGDIRSR6_ywnG_r5InTp1TG4mF2qZpMSWM8YklIs672ldbN7qYBYirnIjtrefebeiYbxomms41FywGx-yEcO10Ztb8x6DRdgHU_a6cXS8Z5k5ISxMK1MurH5TXXMv9GTYdgr_kZ6P2pZflXWlKOY_cNoCwIwSPAUTQ1VJR-fpO869k8oAgy1VpCxPKUoVcP6Vb9d4XrDijweLhiAXfO1_iH0V6LyUyw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4730979Y6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4770360J4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4177965H7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4762258U7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4769144H2&tokenCaptchar=03AGdBq24Yxzjqjp7LskrufFVo0QrNAEv_wS-y9Yis7IH_xN8FImtn8T7wzW4CuISziPu87d95GO0da-CoAH7yG2-Z2mAJEQjgvyA7RGZsPKjEBx32rZJKmJkeRFMazOtWfpab87pjaC_XpeRceOifpsHXhAnXcuOqREUS4W1iUHMb0B_kvJKY7FRdnJRer3EHn5Ez_79p0cFso7UE5Ym0ET4ptZXWlpQ4RcrS0hQDiJS-IDoKSOxiaCZF9pFNEWki2O6bRejqfEqUlEGc3UTwcq_vkXTUgvNSnjeSCGbS09fo5UGVZP1Q1YNrzuIHhujGsB_BvTjjlC7fLNxfU2r2qpuzV9xULL7P5sLJPBFGqY_mZQuN-2tBIEujGguY81LwJm0GB4sgtmYJDc-JU-tiU1QrsExBI9_OKg
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://lattes.cnpq.br/1353014365045558
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4469747P8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4227371A7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4417033E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4723835T5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4208877H4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4467061D7&tokenCaptchar=03AGdBq267s04IEVTMOWiqwurh_lBmUoi-vS7BW6P--0eLLmrOX3otZcGuK9_kzkerITV0xTmMad5fjY73BQjeAr5HU9a3VsN-BCAhIdFq3Bt2GghD1Sac4QbYFTuCxGCEajtFe9GBasPKJhvDIpQspDMnFXYyXhHAERpCeeFfUl-iWYu92wzV213OW5WT39pXNY-Eox-fBJemXlD4lUsNjSNqJhZOaj3MQ-6ZihaP2Bg1nKJ0H9sKrRw-M0ZFfilSGsFeVwe3HiyIPVrLdZmeB7rN1ldWt1HHwAcgJKtUFD_QaprpSqT135HrPW6GG3n5UBd7lKNvk0MnETJZHSV49UlnpJDy3cXwa7ZZu2KGU4X3fIN6o1YHVJzMsQXodx0lT8nC0uhPIUElyD694XgZv0L-mmWMl1PrDw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4208106A6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4728374J9&tokenCaptchar=03AOLTBLSd782i965vCUhSY1Tf89Z5X-2c8WmQvb5mB04zomll-Y2szBLd81HYsfkufWR-gBq5feMUL2LWVFOYezaaB_N8HJrg444SriTsScGQwNgFRlNqEFWVKgyr2LcdZC3TwBSOhFrHcx-fB9E_MLK9TEcuTIrweDsrLptGONUQHuGFs0w5Tq8zQpUJ1oBPW9PWJ8VOWknBRF_vyVj1043dMF4u7HT9lUeOC53CV1mxxrgJEBlXqXYuUVzFKRNUjZtRAg0W3aGDTT2BjW1kOtBkozSKnk_ZrFpMuxqzujBD_5zoN8hKsmKWbn3uvYuw3FAHhvtXhc6GbwtFn3NTSeOo1d4iFG-ODet7uvVFJJSRSVuPPDEtHMRVcm082SntHNs8rB_cBPJmK54nRqSxougSpTfA7kq3Zjn_SoOeKo22R-2b_C9U4nAfxhKkzip5nV4cA1A13DrZ2vOSMGmMiBVqvhhr5ywn6Quy_pPEuWwca5XKP15frqfeIQiObr5VsyngYyyE7JyIDfhQ1UDigdsGHLGH2ZEl_Y1Mf83-z6bui470oWfCD8hBgg9UBOgnyvJ91B6S1qDi
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4750685J6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4773701H6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4496674E1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4765517P4&tokenCaptchar=03AGdBq25L0ZeMenyvmbGxNKYMxIjTZE_z2C_MkOvUgthueD01gklc0ZTmcWYcnYkybfPMYonWrO6eO724-9ItpTYdLDvhGTCcartqOGt8BGblsu2kRVj0OY8DQZLY6SoGSTCfW9q6VtakFtQdluBPvPtQ2AxvjIwU-4lb5tiksAVt6oPhWe5S6V8XzRbPzussTkPtBJxx0-7feaS45R6KjgjmrVx-3CehyCnPDSMrlAaVtSKj9y3LNtUAHB05sbCL8JhdZLKsaXzJ4wOYHcT6L0kX2WipKTwj9uC0ILrBsOLBKqmKNw9YscHOTJUkXWTNGWZiPXCBdG5qgwPVjYeCX3DN1Nkz6ZfIyMOFs45XAi7fzyWo2GydjhoBktYm_9oIKPeSP2eTA07gAtlODiAOhtyRYDb_9X7gs-EZ-ybLGFTzQME-HmjOtfOAGWQinEMQ_cBP5fT9Cfj9dCED77E_dXydXoIDyEoDWg
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4708470J3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4273971U7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4241566A7

Produccidn cientifica en ciencias biologicas

Diagramacao: Daphynny Pamplona
Corregao: Mariane Aparecida Freitas
Indexagdo: Amanda Kelly da Costa Veiga
Revisdo: Os autores
Organizadora: Daniela Reis Joaquim de Freitas

Dados Internacionais de Catalogagé@o na Publicagao (CIP)

P964  Produccion cientifica en ciencias biologicas / Organizadora
Daniela Reis Joaquim de Freitas. - Ponta Grossa - PR:
Atena, 2022.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-258-0020-2

DOI: https://doi.org/10.22533/at.ed.202220504

1. Ciéncias biolégicas. I. Freitas, Daniela Reis Joaquim
de (Organizadora). Il Titulo.
CDD 570

Elaborado por Bibliotecaria Janaina Ramos - CRB-8/9166

Atena Editora

Ponta Grossa - Parana - Brasil
Telefone: +55 (42) 3323-5493
www.atenaeditora.com.br
contato@atenaeditora.com.br



http://www.atenaeditora.com.br/

DECLARACAO DOS AUTORES

Os autores desta obra: 1. Atestam nao possuir qualquer interesse comercial que constitua um conflito
de interesses em relacgdo ao artigo cientifico publicado; 2. Declaram que participaram ativamente da
construcao dos respectivos manuscritos, preferencialmente na: a) Concepcao do estudo, e/ou
aquisi¢ao de dados, e/ou analise e interpretacao de dados; b) Elaboragao do artigo ou revisao com
vistas a tornar o material intelectualmente relevante; c) Aprovagao final do manuscrito para
submissao.; 3. Certificam que os artigos cientificos publicados estdo completamente isentos de dados
e/ou resultados fraudulentos; 4. Confirmam a citacao e a referéncia correta de todos os dados e de
interpretacoes de dados de outras pesquisas; 5. Reconhecem terem informado todas as fontes de
financiamento recebidas para a consecucao da pesquisa; 6. Autorizam a edicao da obra, que incluem
os registros de ficha catalografica, ISBN, DOl e demais indexadores, projeto visual e criagao de capa,
diagramacao de miolo, assim como langamento e divulgacdo da mesma conforme critérios da Atena

Editora.



DECLARAGAO DA EDITORA

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicagao constitui apenas
transferéncia temporaria dos direitos autorais, direito sobre a publicacado, inclusive ndo constitui
responsabilidade solidaria na criacao dos manuscritos publicados, nos termos previstos na Lei sobre
direitos autorais (Lei 9610/98), no art. 184 do Cdédigo Penal e no art. 927 do Cddigo Civil; 2. Autoriza
e incentiva os autores a assinarem contratos com repositorios institucionais, com fins exclusivos de
divulgagao da obra, desde que com o devido reconhecimento de autoria e edicao e sem qualquer
finalidade comercial; 3. Todos os e-book sao open access, desta forma nao os comercializa em seu
site, sites parceiros, plataformas de e-commerce, ou qualquer outro meio virtual ou fisico, portanto,
esta isenta de repasses de direitos autorais aos autores; 4. Todos os membros do conselho editorial
sao doutores e vinculados a instituicdes de ensino superior pablicas, conforme recomendacao da
CAPES para obtenc¢ao do Qualis livro; 5. Nao cede, comercializa ou autoriza a utilizagdo dos nomes e
e-mails dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que nao o

escopo da divulgacao desta obra.



APRESENTACAO

Las Ciencias Biologicas estudian los seres vivos y todas sus relaciones entre si
y con el medio ambiente. Es un campo muy amplio, que engloba diferentes areas de
conocimiento, y que puede ser aplicado en el area de la educacion, la investigacion, la
bioconservacién ambiental, la salud, etc.

El trabajo “Produccion ciencia en Ciencias Bioldgicas” esta enfocado a discutir la
formacién del conocimiento en varias areas que conforman el gran dominio de las Ciencias
Biologicas, brindando al lector una vision variada y amplia de lo que se produce en esta
area en la actualidad. En este trabajo contamos con seis capitulos compuestos por articulos
cientificos originales basados en trabajos de investigacion.

Los trabajos descritos en este libro abordan temas relacionados con las ciencias
de la salud como microbiologia, zoologia y ecologia de especies, botanica, divulgacion
cientifica, medio ambiente, biodiversidad y bioconservaciéon. Esta multidisciplinariedad es
de gran importancia, ya que la investigacion con diferentes perspectivas profesionales
tiende a proporcionar una visidbn mas amplia y una mayor aplicabilidad en la vida cotidiana
del lector.

Creemos que este trabajo enriquecera su conocimiento y demostrara que la ciencia
puede ser muy placentera. Atena Editora, buscando la calidad, tiene a su disposicion un
cuerpo editorial compuesto por maestros y doctores formados en las mejores universidades
de Brasil, para la revision de sus obras. Por lo tanto, esta asegurado que tiene un trabajo de
excelente calidad en sus manos. Esperamos que disfrute de su lectura. jBuenos estudios!

Daniela Reis Joaquim de Freitas
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Girardinichthys viviparus ENDEMIC
SPECIES OF THE VALLEY OF MEXICO

ABSTRACT: A population of Chapultepec splitfin
Girardinichthys viviparus was registered in the
urban Lake Alameda Oriente. Biometry data for
females and males are including for first time for
this urban lake of Mexico City. The main causes
of risk reported for this species in the aquatic
system are water depletion and habitat alteration
by treated wastewater used to keep the water
level of lake.

KEYWORDS: Freshwater, urban lake, threatened
species, fish.
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VALE DO MEXICO

Girardinichthys viviparous ESPECIE
ENDEMICA DEL VALLE DE MEXICO

RESUMO: Uma populagdo de Chapultepec
splitfin Girardinichthys viviparus foi registrada
no lago urbano Alameda Oriente. Os dados
de biometria para mulheres e homens estao
incluidos pela primeira vez neste lago urbano da
Cidade do México. As principais causas de risco
relatado para esta espécie no sistema aquatico
sdo o esgotamento da agua e alteragdo do
habitat por 4guas residuais tratadas usadas para
manter o nivel de 4gua do lago.
PALAVRAS-CHAVE: Agua doce, lago urbano,
espécies ameagadas, peixes.

INTRODUCTION

Mexico is among the five countries in
the world with the highest biological diversity,
not only because it has a large number of
species, but also in terms of other aspects such
as ecosystem and genetic variability (Neyra
and Duran, 1998; Bezaury et al., 2000). In
addition, the Mexican territory includes areas
whose biodiversity is poorly known (CONABIO,
2002). Family Goodeidae is between the most
important Mexican freshwater fishes. This
fish are grouped in only Mexicans who are
characterized by sexual dimorphism, prenuptial
courtship and viviparity, which lead to a series
of morphological, anatomical and physiological
characteristic of the group (Diaz-Pardo and

Ortiz-Jiménez, 1986). Goodeidae family in
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Mexico is represented by approximately 42 species viviparous fish (Paulo-Maya and Trujillo-
Jiménez, 2000), includes 36 live-bearing species largely confined to the Rio Lerma basin
in the highlands of Central Mexico (Espinosa et al. 1993; Moyle and Cech, 2000; Miller
et al., 2005; De la Vega-Salazar, 2006). At present, mexclapique or Chapultepec splitfin
(Girardinichthys viviparus) is endemic to basin of Mexico: Lakes Xochimilco, Zumpango,
Texcoco, Chapultepec (Alvarez del Villar and Navarro, 1957; cited in Sedeno-Diaz and
Lopez-Lopez, 2009). Although Espinosa et al. (1993) cited to G. viviparus as endemic to
the Valley of Mexico, also there are records that indicate their presence in the upper basin
of Panuco in the Tula River (Alvarez del Villar, 1970; Diaz, 2002) and Lake Tecocomulco
(Miranda et al., 2009).

In Mexico, there has been no detailed limnological study (Arredondo-Figueroa and
Flores-Nava, 1992, Martinez-Arroyo and Jauregui, 2000; Schueler and Simpson, 2001),
despite the biological and economic importance many inland water bodies and mainly
in urban areas, and such bodies of water have been modified by the constant supply of
nutrients (Quirds, 2007).

Urban lakes are important aquatic environments for large cities, because they are
recreation areas for its inhabitants (Labounty, 1995; Elias-Fernandez et al., 2006). They
are very different from other lakes: they are shallow, vary greatly in size, depth, relationship
drained area/surface water body, water balance, nutrient cycling and trophic status, highly
artificial and often hypertrophic yet more people come into contact with them than rural,
natural lakes. This aquatic system have received little attention in the limnological and
watershed management literature, and our knowledge of their ecology and management is
poor (Birch and McCaskie, 1999; Schueler and Simpson, 2001; Espinosa-Castillo, 2008).

Nowadays the urban lakes in Mexico City continue to play an important societal role
as sources of fisheries, cultural and recreation, and they are highly valued by the Mexican
people. They are also of great interest to aquatic scientists, having unique limnological
and biotic characteristics and supporting numerous endemic species. We present a short
communication on a threatened freshwater fishes from central Mexico.

MATERIALS AND METHODS

During an ongoing study of environmental quality and biota of Lake Alameda Oriente
(Fig. 1), a total of 281 fishes were collected in two peripheral areas of Lake Alameda Oriente
(19°26°N; 99°03” W; 2234 m.a.s.l.) in March 2008, with a seine 5 m long and 1.0 m deep,
with 5 mm mesh. 81 specimens were fixed in 10 % formaldehyde. Specimens were then
transported to the laboratory; measurements were made by vernier callipers reading to 0.1
mm and weighed to the nearest 0.01 g and dissected to determine sex. Some specimens
were returned to the water. The sex ratio was analyzed for the whole population. The
statistical significance of the ratio results was established by a goodness of fit Chi-squared
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test (x2).

A covariance analysis was conducted to determine whether or not there were
significant differences at p<0.05 for the length-weight relationship between both sexes. The
Total length (TL)-total body weight (TW) relationship was calculated by a power regression
between these variables for each sex using the formula:

TW = aTLb

where TW is the body weight, SL the standard length, b the growth exponent or
length-weigh factor, and a is a constant. The values of a and b were estimated by means
of a linearized form of that equation by taking (base 10) logarithms on both sides and
estimating the values of log (a) and log (b) by means of a linear regression, using ordinary
least-squares regression. Student’s t-test was used to the hypothesis of isometric growth
(Pauly, 1984). The catalogue number of voucher specimens is IB-UNAM 14728.

Fig. 1 Study area of Alameda Oriente urban lake.

RESULTS

Among the fishes captured, 81 specimens of Chapultepec splitfin Girardinichthys
viviparus (Bustamante 1837) were identified following the descriptions provided in previous
publications (Alvarez del Villar, 1970; Radda and Meyer, 2003; Miller et al., 2005) such
as the black colour of the breeding male; the presence of 18—26 rays in the anal fin; dark
blotch above anus small and inconspicuous or absent; fin base longer than longest rays
and dorsal and anal base with the same length in males; rudimentary gonopodium with
6-8 anal branched and short rays, separated by notch from remainder of fin. Diagnosis
and measurements are given in Table 1. Some specimens were deposited in the Fishes
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Laboratory of Biology Institute, U.N.A.M., in order to check the identity of the species.

These data constituting the first record of total body length (TL), standard body
length (SL), and body weight (TW) for males and females of this species in the urban lake.
Total body length and weight ranged from 18 to 49 mm and 0.07 to 1.92 g for males, and
from 20 to 61 mm and 0.06 to 3.98 g for females. Females were larger than males (t-value
=10.78; p<0.05) (Fig. 2).

10.0 7
8.0 1
6.0 7
4.0 7
2.0
0.0

Frequency (%)

18 21 24 27 30 33 36 39 42 45 48 51 54 57 60
Total length (mm)

O Females M Males

Fig. 2. Length-frequency distribution of Girardinichthys viviparus at Alameda Oriente urban lake, Mexico
City.

Of the 81 adults specimens dissected, 24 (29.6%) were males and 57 (70.4%)
were females. The sex ratio of the catch as a whole was 2.4:1 (female:male), significantly
different from a 1:1 ratio (x?= 13.44, p<0.05). The females dominated significantly in this
aquatic system in the monitoring.

Lt(mm) Ls(mm) Bw(mm) D P \ A C
Females 35.9+9.7 30.6+8.7 8.4 +3.4 19+0.8 16+0.5 6+0.4 20+1.1 29+1.9

(20-61)  (17-53) (4-17) (18-21)  (15-16) (5-6) (18-23)  (24-31)
Males 27.7+6.9 23.1+6.2 57+26 19+1.0 1605 6+0.2 20+1.0 27+1.8

(18-49)  (15-42) (3-13) (18-20)  (15-16) (5-6) (19-22)  (24-30)

Table 1. Lengths (mm), weight (g) and meristic traits of Girardinichthys viviparus specimens studied
from Lake Alameda Oriente, distinguishing males (n = 24) and females (n = 57). Values are means =
S.D., range in parentheses.
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LT, total length; LS, standard length; Bw, body weight; D, dorsal fin rays; P, pectoral
fin rays; V, ventral fin rays; A, anal fin rays; C, caudal fin rays.

Length-weight relationship: This relation was evaluated for all individuals, and
for each sex separately (females and males), although there is not significant difference
between the male and female slopes of TW-TL regressions (ANCOVA; F = 0.18, p>0.05).

These equations are given below:

Females: TW =0.000003 TL3%5; R2=0.980, p<0.05
Males: TW =0.000006 TL?®27; R2=0.937, p<0.05
All fishes: TW =0.000004 TL?3®%2;, R2=0.975, p<0.05

Weight increased allometrically with size (Fig. 3), since b value had a significant
difference from 3 (t = 8.049, p<0.05 for females, and t = 2.816, p<0.05 for males). For the
same length, females weight were equals than males.

Fig. 3. Length-weight relationship for females (A) and males (B) of Girardinichthys viviparus.

DISCUSSION

The specimens collected in Lake Alameda Oriente were bigger in contrast with those
reported by Miranda et al. (2008) and Sedefio-Diaz and Lopez-Lopez (2009). Probably, in
this aquatic system the fishes have good environmental and trophic condition to survive, it
has to adapt to a stressful environment for the type of treated wastewater used to keep the
lake level, mainly in dry season.

Nikolsky (1963) mentioned that the larger sizes of females result from a differential
growth rate with respect to males. In our study, females probably have higher survivorship
rates due to their larger size, are longer-lived than males, and are more resistant to the rigors
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of reproductive effort. Chazaro (1989) cited that the larger size of C. jordani is influenced
by changes in the food supply and represents an adaptive response of the population to
environmental changes, as in this urban lake occurred.

Sex ratio for G. viviparus in Alameda Oriente urban lake indicates that males
and females have different abundances, and in this case deviation from the expected
1:1 (male:female) was significant. Nikolsky (1963) pointed out that the sex ratio varies
considerably from one species to another, but in the majority of cases it is close to one,
and may vary from one year to the next in the same population. Moreover, in this study the
female:male sex ratio was 2.4:1 and variations in sex ratio could reflect natural population
dynamics.

With respect to a differential sex distribution, van Aerle et al. (2004), Devlin and
Nagahama (2002) and Guerrero-Estévez and Moreno-Mendoza (2009) pointed out that
there is a large variety of mechanisms of sexual determination. These may be genetic, or
depend on environmental conditions such as temperature, pH, and community factors, all
of which can influence sexual proportion in a population. In addition, van Aerle et al. (2004)
cited that there are a wide range of chemicals discharged into the environment that mimic
hormones, especially estrogens, and sex steroids play an important role in the regulation of
sexual differentiation, and this could be affect to the population.

Respect to the relationship between length and weight, Ricker (1979) mentioned
that when fish have a b coefficient value significantly different from three, the growth is
allometric. This is the case of the present study, body grows slower in length than weight,
and an exponent more greater than 3 would indicate that the fish becomes heavier as it
increases in size. Probably in this aquatic system the population has acceptable conditions
of food. In addition, the relationship between length and weight provides an index frequently
used by fisheries biologists to quantify the state of well-being of a fish (Wootton, 1990).

Lake Alameda Oriente is an artificial water body in the basin of Valle de Mexico.
This basin covered the region that now is the modern Mexico City and environments. The
other former bodies of water that formed the Gran Cuenca now are either greatly altered or
extremely contaminated by secondarily-treated wastewater (Elias-Fernandez et al., 2006).

Lake Alameda Oriente varies from 8 to 9 ha, depending on the quantity of seasonal
rainfall and domestic wastewater that receives. The lake has turbid and shallow waters,
normally with 0.5—1.5 m maximum depth. Water temperature between 16 to 25 °C, dissolved
oxygen range from 0.63 to 24.9 mg/L, pH alkaline (mean 9.8 units), sodium, bicarbonates,
carbonates and sulphates are the dominant ions and bigger proportions of calcium, and
magnesium are present (Montafio, 2010).

The natural distribution of G. viviparus was restricted to two localities in the central
and southern parts of the central basin of Mexico, Lakes Texcoco and Zumpango (Miller et
al., 2005). According to literature, G. viviparus has been reported around of Mexico City,
Lake Chalco, Lake Xochimilco, Lake Chapultepec, Requena reservoir, and Lake Texcoco
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(Navarrete et al., 2003). Recently this species has been discovered and reported by
Miranda et al. (2008) in Lake Tecocomulco, Hidalgo, which is the only remaining natural
water body in the Valle de Mexico basin (Caballero et al., 1999). However, Navarrete et al.
(2003), Navarrete et al. (2004) and Sedefio-Diaz and Lépez-Lépez (2009) mentioned that
G. viviparus is known to be extinct in Lake Zumpango and Requena reservoir, as a result of
receives domestic and industrial wastewater.

Direct anthropogenic effects have altered and contaminated its natural environment
(Contreras-Balderas et al., 2003; Navarrete et al., 2004; Contreras-Balderas, 2005; De la
Vega-Salazar, 2006) and in particular as a result of water exploitation for urban, agricultural
and industrial needs (Diaz-Pardo and Ortiz-Jiménez, 1985; De la Vega-Salazar, 2006).
Furthermore, it is under considerable pressure from a range of anthropogenic activities,
including water extraction for consumption, habitat degradation by pollution, reductions in
surface water levels and the introduction of exotic species mainly (Soto-Galera and Paulo,
1995; Lyons et al., 1998; Contreras-Balderas, 2005; De la Vega-Salazar and Macias-Garcia,
2005; Contreras MacBeath and Rivas, 2007).

G. viviparusis an endangered goodeid with an extremely reduced range of distribution
in the Mexican plateau, only known from a few locations near to Mexico City (Navarrete et
al., 2003; Navarrete et al., 2004). This species has been catalogued as part of the numerous
threatened freshwater fishes of Mexico (Williams and Miller, 1990; Contreras-Balderas et
al., 2003; Contreras-Balderas, 2005; Sedeno-Diaz and Lopez-Lopez, 2009; Diario Oficial,
2010).

Nowadays, this species appears to be abundant in Lake Alameda Oriente, but due
to the protected status of the species an attempt was made at this time to provide a more
precise estimation of population biology with the not many data obtained. The greatest
threats to the long-term existence of G. viviparus in the lake emerge from tourist activities
and their effect on the lake habitat such as irrigation for surrounding fields. Lake Alameda
Oriente should be protected as it hosts the largest population of G. viviparus ever discovered.
Urgent conservation and management measures are needed to preserve both the volume
of the body of water and its quality as a natural habitat for this species.

In all countries, a conservation strategy should be developed to protect remaining
natural communities that support a relatively intact native fish fauna. The introduction and
establishment of non-native species have resulted in severe declines of native fishes in
México (Contreras-Balderas, 2005; Contreras MacBeath and Rivas, 2007).

Canonico et al. (2005), Gozlan (2008) and Schlaepfer et al. (2011) mentioned that
non-native species can cause the loss of biological diversity (i.e., genetic, species, and
ecosystem diversity) and threaten the well-being of humans when they become invasive.
However, in some cases, they can also provide conservation benefits. Non-native species
can also have desirable effects on an ecosystem. Numerous species have been repeatedly

and deliberately introduced outside their native range for agricultural, ornamental,
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aquaculture and recreational purposes. As a result non-native species are integral to the
culture and economies of most countries.

Freshwater ecosystems in Mexico are specifically vulnerable due to degradation
and exploitation to be subject, making it difficult to establish conservation strategies for
species of this family. However, it is necessary to recognize the importance of developing
specific programs to protect water quality and habitat, and to ensure the conservation of
flora and fauna of freshwater. The destruction of biotopes all around Mexico City is dramatic
and gets worse rapidly. The last surviving fish species endemic to the basin of Mexico
requires urgent protection of its population as cited by Miranda et al. (2008) and Sedefio-
Diaz and Lopez-L6pez (2009).
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