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Informasi Publikasi dan Permohonan Revisi Naskah ICBS
7 messages

Icbs Bio Ugm <icbs-biougm@ugm.ac.id> Thu, Feb 8, 2018 at 3:00 PM
To: sucipto-h@fst.unair.ac.id

Yth. Bapak Sucipto Hariyanto

Dengan hormat,

Bersama surel ini, kami Sie Prosiding ICBS Tahun 2017 menyampaikan informasi bahwa berdasarkan hasil review dari
reviewer, Naskah Bapak dapat dilanjutkan untuk diterbitkan dalam AIP Conference Proceedings

(http://aip.scitation.org/journal/apc) dengan perbaikan di beberapa bagian. Berikut kami lampirkan:

1. Naskah yang telah mendapatkan masukan dari para Reviewer, dan

2. Template dari AIP Conference Proceedings

Apabila Bapak ingin melanjutkan publikasi di AIP, maka kami mohon kesediaan Bapak untuk memperbaiki naskah
sesuai dengan format yang kami sampaikan (terlampir). Dalam proses perbaikan naskah, Bapak tidak diperkenankan
untuk menghapus balon komentar pada naskah dan mengubah nama file. Perbaikan langsung dilakukan pada

file yang kami lampirkan.

Bapak dipersilakan untuk melakukan perbaikan naskah dalam waktu 5 (lima) hari setelah menerima surel ini. Mohon

konfirmasinya jika telah menerima surel ini.

Kami juga menginformasikan bahwa biaya penerbitkan untuk AIP Conference Proceedings adalah sebesar Rp.
2.000.000,00 tiap paper, dan biaya dapat ditransfer ke No Rekening Bank Mandiri : 137-00-7733007-0, atas nama
Ganies Riza Aristya. Bukti konfirmasi pembayaran dapat dikirim melalui email: icbs-biougm@ugm.ac.id dan WA (081
328 210 804).

Atas perhatiannya kami sampaikan terima kasih.

Salam,

Sie Prosiding ICBS Tahun 2017
Novia Risa

085765037845

@ Hasan Adroi.doc
506K

Icbs Bio Ugm <icbs-biougm@ugm.ac.id> Sat, Feb 10, 2018 at 3:01 PM
To: "sucipto-h@fst.unair.ac.id" <sucipto-h@fst.unair.ac.id>
Cc: novia risa <novia.risa@mail.ugm.ac.id>

Yth. Bapak Sucipto Hariyanto

Berikut saya sertakan kembali template AIP yang pada surel sebelumnya belum terlampirkan
Mohon konfirmasinya jika Bapak telah menerima surel ini
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Terima kasih
[Quoted text hidden]

@ Template AlP.docx
291K

sucipto hariyanto <sucipto-h@fst.unair.ac.id> Mon, Feb 12, 2018 at 10:45 PM

To: Icbs Bio Ugm <icbs-biougm@ugm.ac.id>
Yth. Sdr. Novia Risa
Terima kasih atas diterimanya naskah kami, ok akan saya perbaiki secepatnya dan bukti pembayaran akan saya
lakukan secepatnyal.
Salam,

Sucipto Hariyanto
[Quoted text hidden]

sucipto hariyanto <sucipto-h@fst.unair.ac.id> Tue, Feb 13, 2018 at 5:18 PM

To: Icbs Bio Ugm <icbs-biougm@ugm.ac.id>
Kepada Sdr. Novia Risa Ysh.
Selamat sore,

Bersama ini saya kirimkan naskah perbaikan dan bukti transfer Rp. 2.000.000,
mohon dapat diterima dengan baik. dan terima kasih atas kerjasamanya

Salam
Sucipto Hariyanto

2018-02-08 15:00 GMT+07:00 Icbs Bio Ugm <icbs-biougm@ugm.ac.id>:
[Quoted text hidden]

2 attachments

@ Hasan Adroi (1).doc
499K

@ Bukti Transfer ICBS 2017.docx
127K

Icbs Bio Ugm <icbs-biougm@ugm.ac.id> Tue, Feb 13, 2018 at 9:20 PM

To: sucipto hariyanto <sucipto-h@fst.unair.ac.id>
Yth. Bapak Sucipto Hariyanto

Baik Bapak, terima kasih atas manuskrip serta bukti transfer
Akan saya konfirmasi ke pihak panitia mengenai pembayara Bapak

Terima kasih

Salam Editor,
Novia Risa
085765037845
[Quoted text hidden]

sucipto hariyanto <sucipto-h@fst.unair.ac.id> Thu, Feb 15, 2018 at 12:06 PM

To: Icbs Bio Ugm <icbs-biougm@ugm.ac.id>

Terima kasih mbak Novia Risa
[Quoted text hidden]
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sucipto hariyanto <sucipto-h@fst.unair.ac.id> Wed, May 16, 2018 at 1:40 PM
To: tata sari <tata_its@yahoo.com>

[Quoted text hidden]
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REVIEWER RECOMMENDATIONS AND
COMMENTS & RESPONSES TO
REVIEWER COMMENTS



ﬁ#sﬁg LICENSE TO PUBLISH AGREEMENT FOR CONFERENCE PROCEEDINGS

This License to Publish must be signed and returned to the Proceedings Editor before the
manuscript can be published. If you have questions about how to submit the form, please contact
the AIP Publishing Conference Proceedings office (confproc@aip.org). For questions regarding the
copyright terms and conditions of this License, please contact AIP Publishing’s Office of Rights and
Permissions, 1305 Walt Whitman Road, Suite 300, Melville, NY 11747-4300 USA; Phone 516-576-
2268; Email: rights@aip.org.

Article Title (“Work’):
Phenotype Variation of Guppy Fish (Poecilia reticulate W. Peters, 1859) Population from Different
Quality of Aquatic Environments in Surabaya, Indonesia

(Please indicate the final title of the Work. Any substantive changes made to the title after
acceptance of the Work may require the completion of a new agreement.)

All Author(s):
Hasan Adro’i, Sucipto Hariyanto, Mahrus Ali, and Bambang Irawan

(Please list all the authors’ names in order as they will appear in the Work. Al listed authors must
be fully deserving of authorship and no such authors should be omitted. For large groups of
authors, attach a separate list to this form.)

Title of Conference: The 5% International Conference of Biological Science (ICBS) 2017

Name(s) of Editor(s) Tuty Arisuryanti (Chief Editor)

All Copyright Owner(s), if not Author(s):

(Please list all copyright owner(s) by name. In the case of a Work Made for Hire, the
employer(s) or commissioning party(ies) are the copyright owner(s). For large groups of
copyright owners, attach a separate list to this form.)

Copyright Ownership and Grant of Rights

For the purposes of this License, the “Work” consists of all content within the article itself and made
available as part of the article, including but not limited to the abstract, tables, figures, graphs,
images, and multimedia files, as well as any subsequent errata. “Supplementary Material” consists
of material that is associated with the article but linked to or accessed separately (available
electronically only), including but not limited to data sets and any additional files.

This Agreement is an Exclusive License to Publish not a Transfer of Copyright. Copyright to the
Work remains with the Author(s) or, in the case of a Work Made for Hire, with the Author(s)’
employer(s). AIP Publishing LLC shall own and have the right to register in its name the copyright
to the proceedings issue or any other collective work in which the Work is included. Any rights
granted under this License are contingent upon acceptance of the Work for publication by AIP
Publishing. If for any reason and at its own discretion AIP Publishing decides not to publish the
Work, this License is considered void.

Each Copyright Owner hereby grants to AIP Publishing LLC the following irrevocable rights for the
full term of United States and foreign copyrights (including any extensions):

1. The exclusive right and license to publish, reproduce, distribute, transmit, display,
store, translate, edit, adapt, and create derivative works from the Work (in whole or in
part) throughout the world in all formats and media whether now known or later
developed, and the nonexclusive right and license to do the same with the
Supplementary Material.

2. The right for AIP Publishing to freely transfer and/or sublicense any or all of the
exclusive rights listed in #1 above. Sublicensing includes the right to authorize
requests for reuse of the Work by third parties.

3. The right for AIP Publishing to take whatever steps it considers necessary to protect
and enforce, at its own expense, the exclusive rights granted herein against third
parties.

Author Rights and Permitted Uses

Subject to the rights herein granted to AIP Publishing, each Copyright Owner retains ownership of
copyright and all other proprietary rights such as patent rights in the Work.

Each Copyright Owner retains the following nonexclusive rights to use the Work, without obtaining
permission from AIP Publishing, in keeping with professional publication ethics and provided clear
credit is given to its first publication in an AIP Publishing proceeding. Any reuse must include a full
credit line acknowledging AIP Publishing’s publication and a link to the Version of Record (VOR) on
AIP Publishing’s site.

Each Copyright Owner may:

1. Reprint portions of the Work (excerpts, figures, tables) in future works created by the
Author, in keeping with professional publication ethics.

2. Post the Accepted Manuscript (AM) to their personal web page or their employer's
web page immediately after acceptance by AIP Publishing.

3. Deposit the AM in an institutional or funder-designated repository immediately after
acceptance by AIP Publishing.

4. Use the AM for posting within scientific collaboration networks (SCNs). For a detailed
description of our policy on posting to SCNs, please see our Web Posting Guidelines
(https://publishing.aip.org/authors/web-posting-guidelines).

5. Reprint the Version of Record (VOR) in print collections written by the Author, or in the
Author’s thesis or dissertation. It is understood and agreed that the thesis or
dissertation may be made available electronically on the university’s site or in its
repository and that copies may be offered for sale on demand.

6. Reproduce copies of the VOR for courses taught by the Author or offered at the
institution where the Author is employed, provided no fee is charged for access to
the Work.

7. Use the VOR for internal training and noncommercial business purposes by the
Author’s employer.

8. Use the VOR in oral presentations made by the Author, such as at conferences,
meetings, seminars, etc., provided those receiving copies are informed that they may
not further copy or distribute the Work.

9. Distribute the VOR to colleagues for noncommercial scholarly use, provided those
receiving copies are informed that they may not further copy or distribute the Work.

10.  Post the VOR to their personal web page or their employer’s web page 12 months
after publication by AIP Publishing.

11, Deposit the VOR in an institutional or funder-designated repository 12 months after
publication by AIP Publishing.

12.  Update a prior posting with the VOR on a noncommercial server such as arXiv, 12
months after publication by AIP Publishing.

Author Warranties
Each Author and Copyright Owner represents and warrants to AIP Publishing the following:

1. The Work is the original independent creation of each Author and does not infringe
any copyright or violate any other right of any third party.

2. The Work has not been previously published and is not being considered for
publication elsewhere in any form, except as a preprint on a noncommercial server
such as arXiv, or in a thesis or dissertation.

3. Written permission has been obtained for any material used from other sources and
copies of the permission grants have been supplied to AIP Publishing to be included
in the manuscript file.

4. All third-party material for which permission has been obtained has been properly
credited within the manuscript.

5. In the event that the Author is subject to university open access policies or other
institutional restrictions that conflict with any of the rights or provisions of this License, such
Author has obtained the necessary waiver from his or her university or institution.

This License must be signed by the Author(s) and, in the case of a Work Made for Hire, also by the
Copyright Owners. One Author/Copyright Owner may sign on behalf of all the contributors/owners only if
they all have authorized the signing, approved of the License, and agreed to be bound by it. The signing
Author and, in the case of a Work Made for Hire, the signing Copyright Owner warrants that he/shelit has
full authority to enter into this License and to make the grants this License contains.

1. The Author must please sign here (except if an Author is a U.S. Government employee,
then please sign under #3 below):

Sucipto Hariyanto April 2, 2016
Author(s) Signature Print Name Date
2. The Copyright Owner (if different from the Author) must please sign here:
Name of Copyright Owner Authorized Signature and Title Date

3. If an Author is a U.S. Government employee, such Author must please sign below.

The signing Author certifies that the Work was written as part of his/her official duties and is
therefore not eligible for copyright protection in the United States.

Name of U.S. Government Institution (e.g., Naval Research Laboratory, NIST)

Author Signature Print Name Date

PLEASE NOTE: NATIONAL LABORATORIES THAT ARE SPONSORED BY U.S. GOVERNMENT
AGENCIES BUT ARE INDEPENDENTLY RUN ARE NOT CONSIDERED GOVERNMENT
INSTITUTIONS. (For example, Argonne, Brookhaven, Lawrence Livermore, Sandia, and others.)
Authors at these types of institutions should sign under #1 or #2 above.

If the Work was authored under a U.S. Government contract, and the U.S. Government wishes to
retain for itself and others acting on its behalf, a paid-up, nonexclusive, irrevocable, worldwide
license in the Work to reproduce, prepare derivative works from, distribute copies to the public,
perform publicly, and display publicly, by or on behalf of the Government, please check the box
below and add the relevant Contract numbers.

Contract #(s) [1.16.1]
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LICENSE TERMS DEFINED

Accepted Manuscript (AM): The final version of an author’s manuscript that has
been accepted for publication and incorporates all the editorial changes made to
the manuscript after submission and peer review. The AM does not yet reflect
any of the publisher’s enhancements to the work such as copyediting, pagination,
and other standard formatting.

arXiv: An electronic archive and distribution server for research article preprints
in the fields of physics, mathematics, computer science, quantitative biology,
quantitative finance, and statistics, which is owned and operated by Cornell
University, http:/arxiv.org/.

Commercial and noncommercial scholarly use: Noncommercial scholarly
uses are those that further the research process for authors and researchers on
an individual basis for their own personal purposes. They are author-to-author
interactions meant for the exchange of ideas. Commercial uses fall outside the
author-to-author exchange and include but are not limited to the copying or
distribution of an article, either in hard copy form or electronically, for resale or
licensing to a third party; posting of the AM or VOR of an article by a site or
service where an access fee is charged or which is supported by commercial paid
advertising or sponsorship; use by a for-profit entity for any type of promotional
purpose. Commercial uses require the permission of AIP Publishing.

Embargo period: The period of time during which free access to the full text of
an article is delayed.

Employer’'s web page: A web page on an employer's site that highlights the
accomplishments and research interests of the company’s employees, which
usually includes their publications. (See also: Personal web page and Scholarly
Collaboration Network).

Exclusive License to Publish: An exclusive license to publish is a written
agreement in which the copyright owner gives the publisher exclusivity over
certain inherent rights associated with the copyright in the work. Those rights
include the right to reproduce the work, to distribute copies of the work, to
perform and display the work publicly, and to authorize others to do the same.
The publisher does not hold the copyright to the work, which continues to reside
with the author. The terms of the AIP Publishing License to Publish encourage
authors to make full use of their work and help them to comply with requirements
imposed by employers, institutions, and funders.

Full Credit Line: AIP Publishing’s preferred format for a credit line is as follows
(you will need to insert the specific citation information in place of the capital
letters): "Reproduced from [FULL CITATION], with the permission of AIP
Publishing.” A FULL CITATION would appear as: Journal abbreviation, volume
number, article ID number or page number (year). For example: Appl. Phys. Lett.
107, 021102 (2015).

Institutional repository: A university or research institution’s digital collection of
articles that have been authored by its staff and which are usually made publicly
accessible. As authors are encouraged and sometimes required to include their
published articles in their institution’s repository, the majority of publishers allow
for deposit of the Accepted Manuscript for this purpose. AIP Publishing also
allows for the VOR to be deposited 12 months after publication of the Work.

Journal editorial office: The contact point for authors concerning matters related
to the publication of their manuscripts. Contact information for the journal editorial
offices may be found on the journal websites under the “About” tab.

Linking to the Version of Record (VOR): To create a link to your article in an
AIP Publishing journal or proceedings, you need to know the CrossRef digital
object identifier (doi). You can find the doi on the article’s abstract page. For
instructions on linking, please refer to our Web Posting Guidelines at
https://publishing.aip.org/authors/web-posting-quidelines.

National Laboratories: National laboratories are sponsored and funded by the
U.S. Government but have independent nonprofit affiliations and employ private
sector resources. These institutions are classified as Federally Funded Research
and Development Centers (FFRDCs). Authors working at FFRCs are not

considered U.S. Government employees for the purposes of copyright. The Master
Government List of FFRDCs may be found at http://www.nsf.qov/statistics/ffrdclist/.

Personal web page: A web page that is hosted by the author or the author's
institution and is dedicated to the author's personal research interests and
publication history. An author’s profile page on a social media site or scholarly
collaboration network site is not considered a personal web page. (See also:
Scholarly Collaboration Network; Employer’s web page).

Peer X-Press: A web-based manuscript submission system by which authors
submit their manuscripts to AIP Publishing for publication, communicate with the
editorial offices, and track the status of their submissions. The Peer X-Press
system provides a fully electronic means of completing the License to Publish. A
hard copy of the Agreement will be supplied by the editorial office if the author is
unable to complete the electronic version of the form. (Conference Proceedings
authors will continue to submit their manuscripts and forms directly to the
Conference Editors.)

Preprint: A version of an author's manuscript intended for publication but that
has not been peer reviewed and does not reflect any editorial input or publisher
enhancements.

Professional Publication Ethics: AIP Publishing provides information on what it
expects from authors in its “Statement of ethics and responsibilities of authors
submitting to AIP Publishing journals” (http://publishing.aip.org/authors/ethics).
AIP Publishing is also a member of the Committee on Publication Ethics (COPE)
(http://publicationethics.org/), which provides numerous resources and guidelines
for authors, editors, and publishers with regard to ethical standards and accepted
practices in scientific publishing.

Scholarly Collaboration Network (SCN): Professional networking sites that
facilitate collaboration among researchers as well as the sharing of data, results,
and publications. SCNs include sites such as Academia.edu, ResearchGate, and
Mendeley, among others.

Supplementary Material: Related material that has been judged by peer review
as being relevant to the understanding of the article but that may be too lengthy
or of too limited interest for inclusion in the article itself. Supplementary Material
may include data tables or sets, appendixes, movie or audio clips, or other
multimedia files.

U.S. Government employees: Authors working at Government organizations
who author works as part of their official duties and who are not able to license
rights to the Work, since no copyright exists. Government works are in the public
domain within the United States.

Version of Record (VOR): The final published version of the article as it appears
in the printed journal/proceedings or on the Scitation website. It incorporates all
editorial input, is formatted in the publisher’s standard style, and is usually viewed
in PDF form.

Waiver: A request made to a university or institution to exempt an article from its
open-access policy requirements. For example, a conflict will exist with any policy
that requires the author to grant a nonexclusive license to the university or
institution that enables it to license the Work to others. In all such cases, the
Author must obtain a waiver, which shall be included in the manuscript file.

Work: The “Work” is considered all the material that comprises the article,
including but not limited to the abstract, tables, figures, images, multimedia files
that are directly embedded within the text, and the text itself. The Work does not
include the Supplementary Material (see Supplementary Material above).

Work Made for Hire: Under copyright law, a work prepared by an employee
within the scope of employment, or a work that has been specially ordered or
commissioned for which the parties have agreed in writing to consider as a Work
Made for Hire. The hiring party or employer is considered the author and owner of
the copyright, not the person who creates the work.
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Variationpry of Phenotype of Guppy Fish (Poecilia reticulata)
~zPopulation from Differences of Aquatic Environments
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Abstract. Guppy fish (Poecilia retlculata) is k:asy to flnd ][A4]|n various reglons and H—has W|despread distribution
throughout the world, seme-populatio : ng-H-environmen o g-conditions[A5]. Several aquatic
environments in Surabaya have been known belong to the category of water quallty class 111 or class IV. Abiotic factors
that present in the environment may influence the polymorphism in a guppy fish population. When the population faces
different environmental condition, it will cause the phenotypic variation in order to adapt to the conditions in the local
environment. The aim of this study is to observe the phenotypic variation of guppy fish population Wh{teh}[AG] living in
several aquatic environments with different quality levels that-found [A7]in Surabaya. Fish samples were taken from 6
different locations that have been known their water quality based on measurement from physical and chemical
parameters. A total of 120 fish samples were obtained from 6 locations and used to phenotypic character analysis, such as
body size and body color pattern. The results of this study consist data of phenotype structure and phenogram tree. The
population kinship based on phenogram tree consists of the first group that coming from population of the class IV
location, while the second group is coming from population of the class Il location. The phenotypic character of guppy
fish that have different values between sites are body length, body area, relative area of structural color, and relative area
of carotenoid color.

Key words: guppy fish, aquatic environments, quakity-levelsfAsy, loeation[A9], phenotypic character, phenogram.

INTRODUCTION

Guppy (Poecilia reticulata) is a freshwater fish native species from Trinidad and northeastern region of South
America (Egset et al., 2011). Guppy is a popular aquarium fish because it has many strains that vary in color and fin
shape that make it has been widely traded (Axelrod et al., 1985). Guppy has been used to control the vector of Aedes
aegypti disease (Seng et al., 2008) and is effectively used as a biological control agent against malaria mosquito
larvae in Kenya (Kweka et al., 2011). This guppy species exhibits phenotype character of sexual dimorphism, the
male fish has a wider tail fin, a more variable body color pattern, and relatively has a smaller body size than the



female fish (Houde, 1997). The male guppy has a size between 25-35 mm and has conspicuous color polymorphism
patterns consisting of combinations of black, white, red-orange, yellow, green, iridescent spots, lines and speckles.
Males have a gonopdium; a slender, modified anal fin used as an intromittent organ, whereas the anal fin of females
is rounded. Females are uniform silver grey, and are larger and deeper bodied than males (40-60 mm). Juvenile fish
resemble females, and are independent from birth (CABI, 2017).

In Indonesia, guppy fish was introduced [A10forthe-first-time-around [19203][A11] as a hiological control agent

and has grown in Wl|d envwonment through natural reproductlon (Eldman l%%—'Fheg&ppy—ﬁsh—%u%abaya—has
. Increasing—the—human

population [A13]has a negatlve |mpact\[A14] on the envwonment one of WhICh is aquatlc enwronment pollution due to
both domestic and industrial waste generated by various human activities. That various kind of waste has a major
influence on water quality changes in Surabaya (BLH Kota Surabaya, 2013). Based on The Local Regulation of
Surabaya No. 2 in 2004 about water quality management and water pollution control, the aquatic environments in
Surabaya has been determined based on different quality levels consisting four (4) different classes according to
some physical, chemical, and microbiological parameters. This regulation has also determined each class of several
aquatic environments in Surabaya which all consist of water quality class 11l and class IV (JDIH Kota Surabaya,
2016) and this condition was observed periodically yearby-year ][A15](BLH Kota Surabaya, 2013).

Guppy is easy te-find [A16]in various regions and it has widespread distribution throughout the world, some
populations are found living in environments with varying conditions (Deacon et al., 2011). There are various
factors that affect this fish species has[A17] a widespread distribution such as very high reproduction rate (Gomiero
and Braga, 2007), has[A18] an ability to tolerate the contaminations in the environment (Rocha et al., 2009), aré-its

icity[A19] [(Torres-DowdaII et al., 2012) \[A20]particularly in the introduced environments. When this
fish has adapted in the new environments that have very different conditions from the origin environments, then this
fish could present the divergence of several phenotypic characters in male fish from their original fish population
(Lindholm et al., 2014).

This fish has a capability to adapt even in contaminated Ma{epi[Azu conditions (Araujo et al., 2009), but only a
handful of study about the phenotypic character variation of guppy fish that exists in the introduced location. In
Indonesia, the guppy fish that living in the wild environments is rarely studied. There is a study of guppy fish that
lived in the wild has been done by Widianorko et al. (2000) [A22]about the associations between trace metals in
sediment, water, and guppy from urban streams of Semarang, Indonesia[A23]. Some abiotic factors that present in the
environment such as turbidity or nutrient availability may be influencing ][A24]the color polymorphism ][A25]in
introduced population of guppy fish (Schwartz and Hendry, 2010). Polymorphism occurs when two or more
different phenotypic character present in one population of the same species (Ford, 1965). When the population
faces[A26] different environmental condition, it will cause the phenotypic variation in order to adapt to the conditions
in the local environment [A27](Kawecki and Ebert, 2004).

The aim of this study is to observe the phenotypic variation of guppy fish population which kvingfazs} in several
aquatic environments with different quality levels found in Surabaya. The guppy fish could also been used as a
bioindicator organism in determining the quality of aquatic environment in addition of using physical and chemical
parameters[A29]. Furthermore, this study is expected to gain the new information and knowledge about thekinship
[A30Jamong guppy fish populations livedfas1} in several aquatic environments in Surabaya based on phenotypic
characters and it could be as a useful data and developed for the future study.

MATERIALS AND METHODS

Study Area and Fish Sampling

Fish were collected in—menth—of January—until—February [A32]2017 at six different sites of aquatic

environments[A33] streams in Surabaya, East Java, Indonesia (Table 1). The three sites were Kaldami (KD),
Kenjeran (KE), and Kebonagung (KA), all have the water quality class Ill. Whereas the three other sites were
Pegirian (PE), Wonorejo (WO), and Darmo (DA), all have the water quality class IV (Table 1 and Fig. 1). These
sites were selected because they both have different water quality levels (class 11l and 1V) in Surabaya and present
the stable population of guppy fish based on observer’s exploratory sampling.



TABLE 1. Location of the sampling site

Sampling Site (Stream Name) Site Code Coordinates Water Quality Class
Kalidami KD 7°16'36.1"S 112°45'44.9"E 1l
Kenjeran KE 7°15'10.1"S 112°47'42.2"E Il

Kebonagung KA 7°19'53.4"S 112°46'35.7"E Il
Pegirian PE 7°14'16.7"S 112°44'40.7"E v
Wonorejo WO 7°18'44.1"S 112°46'50.3"E v
Darmo DA 7°17'24.0"S 112°44'32.0"E \Y
N
A
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FIGURE 1. The sampling site locations of guppy fish in Surabaya. The white circles are the water quality class I11, while the
black circles are the water quality class IV locations. The white color patterns in the map are the water bodies.

Before the fish sample[A34] had—been [A3s]collected, firstly, we analyzed the physicochemical parameters of
aquatic environment quality using the water quality measure instruments. The parameters that had—been
[Ass]measured directly on the site were temperature, pH, dissolved oxygen (DO), salinity, and water flow velocity
whereas the parameters that had-been [A37imeasured after the water samples collected and analyzed in the laboratory
were biochemical oxygen demand (BOD), chemical oxygen demand (COD), and total suspended solid (TSS). The
aquatic environment quality parameters[A3s] were measured once in a month from January until March 2017 in each
sampling site. Some parameters that-are [A39]temperature, TSS, pH, BOD, COD, and DO were measured based on
the range value criteria that-had-been arranged by The Local Regulation of Surabaya No. 2 in 2004, which has four
different classes of water quality categories (Table 2). Class | is the water intended for use in drinking and other
purposes that require the same water quality as those uses; class Il, water intended for use in facilities of water
recreation, cultivation of freshwater and brackish fish, livestock, irrigation, and other purposes that require the same
water quality as those uses; class 111, water intended for use in the cultivation of freshwater and brackish fish,
livestock, irrigation, and other purposes that require the same water quality as those uses; and class 1V, water
intended for irrigation and other purposes that require the same water quality as those uses.(JDIH Kota Surabaya,
2016).



TABLE 2. The range values of water quality class categories arranged by The Local Regulation of Surabaya No. 2 in 2004
(JDIH Kota Surabaya, 2016)

Water Quality Class

Parameter Unit

| 1 1 v
Physical
Temperature °C Deviation 3 Deviation 3 Deviation 3 Deviation 3
TSS mg/L 50 50 400 400
Anorganic Chemical
pH - 6-9 6-9 6-9 5-9
BOD mg/L 2 3 6 12
COD mg/L 10 25 50 100
DO mg/L 6 4 3 0

Description: The above value is the maximum value, except for pH and DO. For pH is a range value that should not be less or
more of the listed value. The value of DO is the minimum value. The temperature deviation is in the natural condition

Phenotypic Characters Analysis

Using a hand-net, a number of 20-30 males of guppy fish were collected in each site. Fish were immediately
transported to the Laboratory of Biosystematics, Faculty of Science and Technology, University of Airlangga
Surabaya where they were anesthetized with a dose of eugenol (C10H120,). Afterfish-samples-had-been-transported
to-the-laboratery; they were processed ][A40]following the methods of Millar et al. (2006). Lateral images of the left
side of each fish were takenfa41} using a digital camera placed at a standard distance with the aid of a tripod. Each
sample was placed on a white background with millimetric scale, and color standards (Red, Orange, Yellow, Blue,
Green, White and Black). The phenotypic characters of male guppy fish such as, body length (standard length), body
area (excluding the fins and tail), tail length, and the area and the number of each color spot (excluding the fins and
tail) (Fig. 2) were measured using software Image J (version 1.50e). All fish sample images were analyzed by khe
same [A42]person.

body length

number and
relative area tail length
of color spot b

body area

FIGURE 2. The phenotypic characters of male guppy fish which measured in this study

To reduce the number of variables for analysis, the color patterns were grouped into biologically relevant
categories. These groups have different physiological bases, structural bases, functional interpretations, and selective
relevance (Endler, 1978; Kodric-Brown, 1989; Brooks & Endler, 2001; Grether et al., 2001; McGraw et al., 2002;
Blows et al., 2003; Griffith et al., 2006). Carotenoid colors consisted of the sum of orange and yellow spots,
although note that pigments other than carotenoids also contribute to these spots (Grether et al., 2001). Structural
colors are colors that are iridescent and have higher levels of reflection, and consisted of the sum of blue, violet, and
silver spots (Endler, 1978; Brooks & Endler, 2001). Melanic colors consisted of the sum of black and fuzzy black
spots.



Data Analysis

Software SPSS version 20 was used to build a phenogram tree based on all phenotypic character value using
Ward Linkage method. The statistical analysis from the phenotypic characters of guppy fish such as, body size and
color pattern of each sample were analyzed using Principal Component Analysis (PCA) to find the factors that had
been formed among different guppy fish populations. The one way Analysis of Variance (ANOVA) was performed
to know which of the each character has a different value among different populations from each site following by
The Post-Hoc test using the Bonferroni test for the data which have homogenous variance whereas the Gomes-
Howell test was used for the non-homogenous data with a significant value 0.05 (a = 0.05).

RESULTS AND DISCUSSION

A number of 20 male guppy fish samples which the body length between 12.0280-17.8470 mm ][A43]and the tail
length between 3.0280-5.8270 mm [A44]had-been [A4s]measured and use[Ads] for the further analysis with the other
phenotypic characters (Table 3).

TABLE 3. Phenotypic character data of guppy fish from each site in Surabaya. The data represent mean * standard deviation
(SD) and samples sizes (N) estimated across sites.

Relative Area of (mm?)

Site N Body Length (mm) Body Area (mm?) _

Carotenoid Color Structural Color
KD 20 13.6612+0.9141 41.8963+5.1870 0.0357+0.0198 0.1040+0.0143
KE 20 13.8019+1.0294 37.6103+6.3479 0.0668+0.0192 0.0978+0.0185
KA 20 13.9310+0.8280 37.8840+2.1361 0.0311+0.0140 0.0860+0.0246
PE 20 16.2201+0.7765 49.9349+1.2514 0.0909+0.0219 0.1641+0.0146
WO 20 16.5912+0.6090 49.9516+1.0159 0.0959+0.0232 0.1455+0.0253
DA 20 16.7658+0.6658 49.9500+1.2678 0.0834+0.0166 0.1526+0.0300

Agquatic Environment Quality

Overall, most of the measurement values have met the criteria of freshwater quality class category in Surabaya
based on Table 1 and Table 2, where the location of KD, KE, and KA belonged to the water quality Class 11, while
the location of PE, WO, and DA belonged to the water quality Class 1V (Table 4). Guppy is a fish that has excellent
adaptability in broad environmental conditions and they are easy to adapt even in the high-contaminated water
conditions (Araujo et al., 2009; Martinez et al., 2016). Therefore, in this study the guppy fish easily found in the
aquatic environment, which has either class I11 or class 1V water quality in Surabaya.

TABLE 4. Phenotypic character data of guppy fish from each site in Surabaya. The data represent mean + standard deviation
(SD) and samples sizes (N) estimated across sites.
Water

Ste Mo B ) gy (mgl) | (NTU) it A e
January  7.90 5.67 5.21 11.21 9.50 8.00 0.00 29.17 173,00
KD  February 7.50 3.83 5.67 12.65 9.54 1.67 0.00 29.00 170,00
March 7.47 5.47 6.65 11.92 10.21 0.33 0.00 29.00 270,33
Accuracy (%) 100 100 66.7 100 - - 100 100
January  7.60 5.73 5.73 9.43 10.34 0.00 0.00 28.83 148,33
KE  February 7.47 5.13 7.64 8.76 10.32 0.00 0.00 29.17 258,00
March 7.50 5.73 5.50 9.65 10.30 0.00 0.00 29.00 267,00
Accuracy (%) 100 100 66.7 100 - - 100 100
KA January  7.43 3.43 6.65 11.34 10.23 0.04 0.00 28.57 198,67
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FIGURE 3. The phenogram tree of guppy fish samples from different sampling site in Surabaya streams
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Based on the phenogram tree that has established there are two main branches with a value of difference is 25.
The first branch is filled with the samples originating from the location with the water quality class IV (PE WO, and
DA) which have a very close similarity (value of difference is 0). The second branch is filled by all the samples
originating from water quality class 111 location (KD KE and KA) with the more varied value.

The PCA test reveals that there are only four phenotypic characters have influence (meet the statistical value),
among different sites, they are body length, body area, relative area of structural color, and relative area of
carotenoid color. However, the characters of tail length, relative area of melanic color, and spot number of each
color do not have a correlation to location differences. The two main factors have been formed is factor 1 consists of
body area, body length, and relative area of structural color therefore it named with "body size and structural color
factor", while factor 2 consist of relative area of carotenoid color named the "carotenoid color size factor" (Fig. 4).
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FIGURE 4. Factors that formed through PCA analysis

The PCA test reveals that there are only four phenotypic characters (they are body length, body area, relative
area of structural color, and relative area of caroten0|d color) have influence |(meet the statlstlcal value), [A47]among
different sites, they -
However, the characters of tail Iength relatrve area of melanrc color and spot number of each color do not have a
correlation to location differences. The two main factors have been formed is factor 1 consists of body area, body
length, and relative area of structural color therefore it named with "body size and structural color factor”, while
factor 2 consist of relative area of carotenoid color named the “carotenoid color size factor” (Fig. 4).

TABLE 5. The results of the one way ANOVA (a=0,05) of four phenotypic characters

Character Df F P

Body length 2.294 68.151 <0.001
Body area 2.294 59.068 <0.001
Relative area of carotenoid color 2.294 41.977 <0.001

Relative area of structural color 2.294 44.636 <0.001




The result of the 1 way ANOVA test of the 4 phenotypic characters reveals a significance value less than 0.001
(P <0.05) among the 4 sampling sites in this study (Table 5). This shows that there is differences in value from this 4
characters among the sampling sites used in this study
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FIGURE 5. Comparison of the size of phenotypic character among male guppy fish population in each location with different
water quality classes

Several studies about the guppy showed male fish has a polymorphism of phenotypic character resulting from its
adaptation either in aquatic environments with different abiotic factor conditions (Hughes et al., 2005; Millar et al.,
2006; Schwartz and Hendry, 2010) or in aquatic environments with different biotic factors condition, such as the
presence of predatory or parasitic organisms (Egset et al., 2011; Gotanda and Hendry, 2014; Lindholm et al., 2014).

The three character of body length, body area, and relative area of structural color have a significant mean value
differences between locations with different water quality classes but not significant in one same water quality class
(Fig. 5a, b, and c). The results of a study by Torres-Dowdall (2012) [A48]showed that guppy fish populations, which
kived{[mg] in the higher predation regime environment, have a smaller body size in terms of both body length and
area. Whereas guppies which lived[As0] in the lower predation regime environment they present the larger body size.
The aquatic environments, which belong to the water quality class 111, have some parameters to support the life of
more diverse organisms including the predatory species for guppy fish (Table 2 and 4) (JDIH Kota Surabaya. 2016).

The results of this study showed that guppy fish which [Iiving\[A51] in the site with the water quality class 111 have
a smaller body size than those living in the other site with the water quality class 1V (Fig. 1 a and b). The aquatic
environments, which have high nutrient content could accelerate the growth of guppy fish, therefore the guppy fish
living in this site has the larger body size (Schwartz and Hendry, 2010). The higher organic materials in class IV
sites which indicated[A52] by a high levels of BOD values (Table 4) could be used as a source of nutrients for guppy
fish growth.

Schwartz and Hendry (2010) suggested[A53] that the presence of color polymorphism in male guppy fish is
possible because of the presence of abiotic environmental factors such as turbidity or availability of nutrients.
Several other studies have suggested that some environmental factors, which may affect the structural color patterns,
were water turbidity levels and the levels of predatory organism (Endler, 1991; Long and Rosenqvist, 1998; Gamble



et al., 2003). The guppy fish which briginating}[A54] from the class 1V sites (PE, WO, and DA) which have higher
water turbidity levels (Table 4) present the higher value of relative area of structural color than the guppy fish from
the class 111 sites (KD, KE, and KA) which have lower water turbidity levels (Fig. 5¢). The male guppy which lived
in the darker aquatic environments (have higher turbidity levels) possess higher levels of structural color resulting
from the evolutionary processes to attract the female vision in a darker conditions (Gamble et al. 2003). The male
guppy, which lived[ass] in a lower predation regime in Trinidad, present a higher level of structural color, but the
fish which lived[ase] in the higher predation regime, present a lower structural color (Breden and Stoner, 1987).
Therefore, the guppy fish from the class 11 sites less display the structural color character in order to avoid the
detection from more predator organisms.

The KD and KA sites, which belong to the water quality class 111, have a significant difference in mean value of
relative area of carotenoid color from the PE, WO, and DA sites, which belong to the water quality class IV.
However, the KE site, which also belongs to the water quality class 111, has no difference in mean value from the
three locations (PE WO and DA) which is the water quality class IV category (Fig. 5d). This is in accordance with
the study conducted by Lindholm et al. (2014) that carotenoid color characters have no differences between sites
because the carotenoid color tends to be mere-maintained-than [As7]the structural color in order to attract the female
fish preference in the mating process in every different type of environmental conditions.

CONCLUSIONS

The kinship [Ass]of guppy fish population in some aguatic environments in Surabaya based on phenotypic
characters consists of two main groups. The first group is a guppy population originating from the location with the
water quality class IV, whereas the second group is the guppy population originating from the location with the
water quality class Ill. The phenotypic characters of male guppy fish that have different values between aquatic
environment sites in Surabaya are body length, body area, relative area of structural color, and relative area of
carotenoid color. The three characters that have different values based from differences of the water quality of
aquatic environments (class I11 and class 1V) are the body length, body area, and the relative area of structural color.
While the relative area of carotenoid color have no different values between the two different aquatic environments
in water quality both class 111 and class V.
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Abstract. Guppy fish (Poecilia reticulata) is commonly found in various regions and widespread distribution throughout
the world, several aquatic environments in Surabaya have been known belong to the category of water quality class III or
class IV. Abiotic factors that present in the environment may influence the polymorphism in a guppy fish population.
When the population faces different environmental condition, it will cause the phenotypic variation in order to adapt to
the conditions in the local environment. This study aims to observe the phenotypic variation of guppy fish population
living in several aquatic environments with different quality levels in Surabaya. Fish samples were taken from six
different locations that have been known for their water quality based on measurement of physical and chemical
parameters. The total of 120 fish samples was obtained from six locations and used for phenotypic character analysis,
such as body size and body color pattern. The results of this study consist of data on phenotype structure and phenogram
tree. The population kinship based on phenogram tree consists of the first group that coming from a population of the
class IV location, while the second group is coming from a population of the class III location. The phenotypic character
of guppy fish that have different values between sites is body length, body area, the relative area of structural color, and
relative area of carotenoid color.

Keywords: aquatic environments, guppy fish, phenogram, phenotypic character

INTRODUCTION

Guppy (Poecilia reticulata) is a freshwater fish native species from Trinidad and northeastern region of South
America [1]. The male guppy is a popular commercial fish because it has many strains and more varies in color and
fin shape that makes it has been widely traded [2]. Guppy fish has been used to control the vector of Aedes aegypti
disease [3] and is effectively used as a biological control agent against malaria mosquito larvae in Kenya [4]. This
guppy species exhibits phenotype character of sexual dimorphism, the male fish has a wider tail fin, a more variable
body color pattern, and relatively has a smaller body size than the female fish [5]. The male guppy has a size
between 25 mm to 35 mm and has conspicuous color polymorphism patterns consisting of combinations of black,
white, red-orange, yellow, green, iridescent spots, lines, and speckles. Males have a gonopodium; a slender,
modified anal fin used as an intromittent organ, whereas the anal fin of females is rounded. Females are uniform
silver grey and are larger and deeper bodies than males (40 mm to 60 mm). Juvenile fish resemble females and are
independent from birth [6].

In Indonesia, guppy fish was first introduced as a biological control agent and has grown in wild environment
through natural reproduction [7]. In Surabaya, the guppy fish which are abundant can be found in most of the
freshwater habitat in the city. The increase in human population has negative impacts on the environment, one of
which is aquatic environment pollution due to both domestic and industrial waste generated by various human
activities. That various kind of waste has a major influence on water quality changes in Surabaya [8]. Based on The
Local Regulation of Surabaya No. 2 in 2004 about water quality management and water pollution control, the
aquatic environments in Surabaya has been determined based on different quality levels which is consist of four
different classes according to some physical, chemical, and microbiological parameters. This regulation has also



determined each class of several aquatic environments in Surabaya which all consist of water quality class III and
class IV [9], and this condition was observed every year [8].

Guppy fish to be found in various regions and it has widespread distribution throughout the world. Some
populations to be found inhabit in environments with varying conditions [10]. Various factors affect this fish species
have a widespread distribution such as very high reproduction rate [11], have an ability to tolerate the
contaminations in the environment [12], and have phenotypic plasticity [13]. When this fish has adapted in the new
environments that have very different conditions from the origin environments, then this fish could present the
divergence of several phenotypic characters in male fish from their original fish population [14].

This fish has a capability to adapt even in contaminated water conditions [15], but only a handful of study about
the phenotypic character variation of guppy fish that exists in the introduced location. In Indonesia, the guppy fish
that are living in the wild environments is rarely studied. The previous study about guppy fish in the wild habitat
was conducted by [16]. Their study investigated the associations between trace metals in sediment, water, and guppy
from urban streams of Semarang, Indonesia. Some abiotic factors that present in the environment such as turbidity
or nutrient availability may influence the color polymorphism in introduced population of guppy fish [17].
Polymorphism occurs when two or more different phenotypic character present in one population of the same
species [18]. When the population faces different environmental condition, it will cause the phenotypic variation due
to adaptation in the new local environment [19].

This study aims to observe the phenotypic variation of guppy fish populations inhabit several aquatic
environments with different quality levels in Surabaya. Furthermore, this study is to gain the new information and
knowledge about the morphological relationship among guppy fish populations inhabit in several aquatic
environments in Surabaya based on phenotypic characters and it could be as a useful data and developed for the
future study.

MATERIALS AND METHODS

Study Area and Fish Sampling

Guppy fish have collected from January to February 2017 at six different sites of aquatic environmental streams
in Surabaya, East Java, Indonesia (Table 1). The three sites were Kaldami (KD), Kenjeran (KE), and Kebonagung
(KA), all have the water quality class III. Whereas the three other sites were Pegirian (PE), Wonorejo (WO), and
Darmo (DA), all have the water quality class IV (Table 1 and Fig. 1). These sites selected because they both have
different water quality levels (class III and IV) in Surabaya and present the population of guppy fish based on
observer’s exploratory sampling.

TABLE 1. Location of the sampling sites.

Sampling Site (Stream Name) Site Code Coordinates Water Quality Class
Kalidami KD 7°16'36.1"S 112°45'44.9"E I
Kenjeran KE 7°15'10.1"S 112°47'42.2"E I
Kebonagung KA 7°19'53.4"S 112°46'35.7"E I
Pegirian PE 7°14'16.7"S 112°44'40.7"E v
Wonorejo WO 7°18'44.1"S 112°46'50.3"E v

Darmo DA 7°1724.0"S 112°44'32.0"E 1\
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FIGURE 1. The sampling site locations of guppy fish in Surabaya. The white circles are the water quality class III, while the
black circles are the water quality class IV locations. The white color patterns on the map are the water bodies

Before the fish samples were collected, we analyzed the physicochemical parameters of aquatic environment
quality using the water quality measurement instruments. The parameters that samples measured directly on the site
were temperature, pH, dissolved oxygen (DO), salinity, and water flow velocity. As for, the parameters that were
measured after the water samples collected and analyzed in the laboratory were biochemical oxygen demand (BOD),
chemical oxygen demand (COD), and total suspended solids (TSS). The parameters of aquatic environment quality
were measured once in a month from Jan 2017 until Mar 2017 in each sampling site. Some parameters, such as
temperature, TSS, pH, BOD, COD, and DO were measured based on the range value criteria arranged by The Local
Regulation of Surabaya No. 2 in 2004, which has four different classes of water quality categories (Table 2). Class I
is the water intended for use for drinking and other purposes that require the same water quality as those uses; class
II, water intended for use in facilities of water recreation, cultivation of freshwater and brackish fish, livestock,
irrigation, and other purposes that require the same water quality as those uses; class III, water intended for use in
the cultivation of freshwater and brackish fish, livestock, irrigation, and other purposes that require the same water
quality as those uses; and class IV, water intended for irrigation and other purposes that require the same water
quality as those uses [9].



TABLE 2. The range values of water quality class categories arranged
by The Local Regulation of Surabaya No. 2 in 2004 [9].

. Water Quality Class

Parameter Unit

I I 11 v
Physical
Temperature °C Deviation 3 Deviation 3 Deviation 3 Deviation 3
TSS mg - L 50 50 400 400
Inorganic Chemical
pH - 6t09 6t09 6t09 5t09
BOD mg - L! 2 3 6 12
COD mg - L 10 25 50 100
DO mg - L 6 4 3 0

Description: The above value is the maximum value, except for pH and DO. As for pH is a range value that should not be less or
more of the listed value. The value of DO is the minimum value. The temperature deviation is in the natural condition.

Phenotypic Characters Analysis

Using a hand-net, a number of 20 males to 30 males of guppy fish were collected in each site. Fish were
transport immediately to the Laboratory of Biosystematics, Faculty of Science and Technology, Universitas
Airlangga Surabaya. Then they were anesthetized with a dose of eugenol (CioHi20,). The fish then were processed
following the methods of [20]. Lateral images of the left side of each fish photographed using a digital camera
placed at a standard distance with the aid of a tripod. Each sample was placed on a white background with
millimetric scale, and color standards (Red, Orange, Yellow, Blue, Green, White and Black). The phenotypic
characters of male guppy fish such as, body length (standard length), body area (excluding the fins and tail), tail
length, and the area and the number of each color spot (excluding the fins and tail) (Fig. 2) were measured using
software Image J (version 1.50e). All fish sample images were analyzed by a similar person.

body length

- I

]
T \ o
number and f |

body area relative area tail length
of color spot

FIGURE 2. The phenotypic characters of male guppy fish which measured in this study

To reduce the number of variables for analysis, the color patterns were grouped into biologically relevant
categories. These groups have different physiological bases, structural bases, functional interpretations, and selective
relevance [21-26]. Carotenoid colors consisted of the sum of orange and yellow spots, although note that pigments
other than carotenoids also contribute to these spots [23]. Structural colors are colors that are iridescent and have
higher levels of reflection and consisted of the sum of blue, violet, and silver spots [22]. Melanic colors consisted of
the sum of black and fuzzy black spots.



Data Analysis

Software SPSS version 20 was used to build a phenogram tree based on all phenotypic character value using
Ward Linkage method. The statistical analysis from the phenotypic characters of guppy fish such as, body size and
color pattern of each sample was analyzed using Principal Component Analysis (PCA) to find the factors that
formed among different guppy fish populations. The one-way Analysis of Variance (ANOVA) was performed to
know which of each character has a different value among different populations from each site following the post-
hoc test using the Bonferroni test. This test was for the data which have homogenous variance whereas the Gomes-
Howell test was used for the non-homogenous data with a significant value 0.05 (a = 0.05).

RESULTS AND DISCUSSION

A number of 20 male guppy fish samples which the body length between 12.0280 mm and 17.8470 mm and the
tail length between 3.0280 mm and 5.8270 mm were measured and used for the further analysis with the other
phenotypic characters (Table 3).

TABLE 3. Phenotypic character data of guppy fish from each site in Surabaya.
The data represent mean + standard deviation (SD) and samples sizes (N) estimated across sites.

Relative Area of (mm?)

Site N Body Length (mm) Body Area (mm?)

Carotenoid Color Structural Color
KD 20 13.6612 +£0.9141 41.8963 +5.1870 0.0357 £ 0.0198 0.1040 +£0.0143
KE 20 13.8019 £ 1.0294 37.6103 £ 6.3479 0.0668 £ 0.0192 0.0978 £ 0.0185
KA 20 13.9310 £ 0.8280 37.8840 £ 2.1361 0.0311 £0.0140 0.0860 + 0.0246
PE 20 16.2201 £ 0.7765 49.9349 + 1.2514 0.0909 +£0.0219 0.1641 £ 0.0146
WO 20 16.5912 + 0.6090 49.9516 £ 1.0159 0.0959 +0.0232 0.1455 £ 0.0253
DA 20 16.7658 £ 0.6658 49.9500 + 1.2678 0.0834 +£0.0166 0.1526 = 0.0300

Aquatic Environment Quality

Overall, most of the measurement values have met the criteria of the freshwater quality class category in
Surabaya based on Table 1 and Table 2. From both tables, the location of KD, KE, and KA belonged to the water
quality Class III, while the location of PE, WO, and DA belonged to the water quality Class IV (Table 4). Guppy is
a fish that has excellent adaptability in broad environmental conditions and they are easy to adapt even in the high-
contaminated water conditions [15, 27]. Therefore, in this study, the guppy fish easily found in the aquatic
environment, which has either class III or class IV water quality in Surabaya.

TABLE 4. Phenotypic character data of guppy fish from each site in Surabaya. The data represent mean + standard deviation
(SD) and samples sizes (N) estimated across sites.

. DO BOD CoD Turbidity Wate':r Salinity Temperature TSS
Site Month pH (mg - (mg - (mg - Velocity o o (mg -

R T L ) (°C) L
Jan 7.90 5.67 5.21 11.21 9.50 8.00 0.00 29.17 173.00
KD Feb 7.50 3.83 5.67 12.65 9.54 1.67 0.00 29.00 170.00
Mar 7.47 5.47 6.65 11.92 10.21 0.33 0.00 29.00 270.33

Accuracy (%) 100 100 66.7 100 - - 100 100
Jan 7.60 5.73 5.73 9.43 10.34 0.00 0.00 28.83 148.33
KE Feb 7.47 5.13 7.64 8.76 10.32 0.00 0.00 29.17 258.00
Mar 7.50 5.73 5.50 9.65 10.30 0.00 0.00 29.00 267.00

Accuracy (%) 100 100 66.7 100 - - 100 100
Jan 7.43 343 6.65 11.34 10.23 0.04 0.00 28.57 198.67
KA Feb 7.43 3.97 4.76 11.65 9.58 10.00 0.00 28.67 178.67
Mar 7.50 5.10 8.76 11.65 10.25 9.00 0.00 29.00 102.67

Continued on next page



Table 4. Continued

DO BOD coD Turbidit Water Salinit Temperature TSS
Site Month pH (mg - (mg - (mg - (NTU) y Velocity (%) y ?o o) (mg -
L) L) L) (mph) > L)
Accuracy (%) 100 100 33.2 100 - - - 100 100
Jan 7.57 2.60 10.54 15.74 14.93 2.33 1.33 29.00 341.00
PE Feb 7.63 2.13 10.54 16.76 18.43 0.10 1.00 29.00 305.00
Mar 7.53 2.07 8.67 15.20 15.44 0.00 0.00 29.00 351.00
Accuracy (%) 100 100 100 100 - - - 100 100
Jan 7.40 2.73 11.25 18.70 15.46 0.00 0.00 29.67 332.00
WO Feb 7.43 2.80 6.87 17.65 17.96 0.15 0.00 29.33 342.67
Mar 7.50 2.50 8.23 18.64 17.65 0.00 0.00 29.50 346.67
Accuracy (%) 100 100 100 100 - - - 100 100
Jan 7.53 2.20 10.22 20.31 16.50 0.00 0.00 29.00 341.33
DA Feb 7.50 2.03 8.65 15.66 16.54 0.09 0.00 29.40 371.00
Mar 7.50 2.20 10.66 16.47 17.01 0.00 0.00 29.17 311.33
Accuracy (%) 100 100 100 100 - - - 100 100
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FIGURE 3. The phenogram tree of guppy fish samples from different sampling site in Surabaya streams



Based on the phenogram tree that has established there are two main branches with a value of difference is 25.
The first branch is filled with the samples originating from the location with the water quality class IV (PE WO, and
DA) which have a very close similarity (value of difference is 0). The second branch is filled with all the samples
originating from water quality class III location (KD KE and KA) with the more varied value.

The PCA test reveals that there are only four phenotypic characters have influence (meet the statistical value),
among different sites, they are body length, body area, the relative area of structural color, and relative area of
carotenoid color. However, the characters of tail length, the relative area of melanic color, and spot number of each
color do not correlate with location differences. The two main factors have been formed is factor 1 consists of body
area, body length, and relative area of structural color. Therefore it named with "body size and structural color
factor," while factor 2 consist of relative area of carotenoid color named the "carotenoid color size factor" (Fig. 4).
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FIGURE 4. Factors that formed through PCA analysis

The PCA test reveals that there are only four phenotypic characters (they are body length, body area, relative
area of structural color, and relative area of carotenoid color), have influence among different sites. However, the
characters of tail length, relative area of melanic color, and spot number of each color do not correlate with location
differences. The two main factors have been formed is factor 1 consists of body area, body length, and relative area
of structural color. Therefore, it named with "body size and structural color factor," while factor 2 consist of relative
area of carotenoid color named the "carotenoid color size factor" (Fig. 4).

TABLE 5. The results of the one way ANOVA (a = 0.05) of four phenotypic characters.

Character Df F P

Body length 2.294 68.151 <0.001
Body area 2.294 59.068 <0.001
Relative area of carotenoid color 2.294 41.977 <0.001

Relative area of structural color 2.294 44.636 <0.001




The result of the one-way ANOVA test of the four phenotypic characters reveals a significance value less than
0.001 (p < 0.05) among the four sampling sites in this study (Table 5). This shows that there are differences in value
from this four characters among the sampling sites used in this study
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FIGURE 5. Comparison of the size of phenotypic character among male guppy fish population in each location
with different water quality classes

Several studies about the guppy showed male fish has a polymorphism of phenotypic character resulting from its
adaptation either in aquatic environments with different abiotic factor conditions [17, 20, 28] or in aquatic
environments with different biotic factors condition, such as the presence of predatory or parasitic organisms [1, 14,
29].

The three character of body length, body area, and relative area of structural color have significant mean value
differences between locations with different water quality classes but not significant in one same water quality class
(Fig. 5a, Fig. 5b, and Fig. 5¢). The results of a study by [13] showed that guppy fish populations, which in the higher
predation regime environment, have a smaller body size in terms of both body length and area. Whereas guppies
which found in the lower predation regime environment they present the larger body size. The aquatic environments,
which belong to the water quality class III, have some parameters to support the life of more diverse organisms
including the predatory species for guppy fish (Table 2 and Table 4) [9].

The results of this study showed that guppy fish which inhabit in the site with the water quality class III have a
smaller body size than those living in the other site with the water quality class IV (Fig. 1a and Fig. 1b). The aquatic
environments, which have high nutrient content could accelerate the growth of guppy fish. Therefore, the guppy fish
living in this site has the larger body size [17]. The higher organic materials in class IV sites which are indicated by
high levels of BOD values (Table 4) could be used as a source of nutrients for guppy fish growth.

In [17] reported that the presence of color polymorphism in male guppy fish is possible because of the presence
of abiotic environmental factors such as turbidity or availability of nutrients. Several other studies have suggested
that some environmental factors, which may affect the structural color patterns, were water turbidity levels and the
levels of predatory organism [30]. The guppy fish which original from the class IV sites (PE, WO, and DA) that
have higher water turbidity levels (Table 4) present the higher value of relative area of structural color than the



guppy fish from the class III sites (KD, KE, and KA) which have lower water turbidity levels (Fig. 5¢). The male
guppy which lived in the darker aquatic environments (have higher turbidity levels) possess higher levels of
structural color resulting from the evolutionary processes to attract the female vision in darker conditions [30]. The
male guppy, which inhabits in a lower predation regime in Trinidad, present a higher level of structural color, but
the fish which inhabit in the higher predation regime, present a lower structural color [31]. Therefore, the guppy fish
from the class III sites less display the structural color character in order to avoid the detection from more predator
organisms.

The KD and KA sites, which belong to the water quality class III, have a significant difference in mean value of
relative area of carotenoid color from the PE, WO, and DA sites, which belong to the water quality class IV.
However, the KE site, which also belongs to the water quality class III, has no difference in mean value from the
three locations (PE WO and DA) which is the water quality class IV category (Fig. 5d). This is in accordance with
the study conducted by [14] that carotenoid color characters have no differences between sites because the
carotenoid color tends to be maintained compared to the structural color in order to attract the female fish preference
in the mating process in every different type of environmental conditions.

CONCLUSIONS

The morphological relationship of guppy fish population in some aquatic environments in Surabaya based on
phenotypic characters consists of two main groups. The first group is a guppy population originating from the
location with the water quality class IV, whereas the second group is the guppy population originating from the
location with the water quality class III. The phenotypic characters of male guppy fish that have different values
between aquatic environment sites in Surabaya are body length, body area, relative area of structural color, and
relative area of carotenoid color. The three characters that have different values based from differences of the water
quality of aquatic environments (class III and class 1V) are the body length, body area, and the relative area of
structural color. As for the relative area of carotenoid color has no different values between the two different aquatic
environments in water quality both class III and class I'V.
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