Journal of
Biometry Studies

ISSN: 2791-7169
Year: 2024 - Volume: 4 - Issue: 1

"%




Journal of Biometry Studies

Year: 2024, Volume: 4, Issue; 1

ISSN: 2791-7169

www.biometrystudies.com

www.prensip.gen.tr

Journal of Biometry Studies is an international peer-reviewed open access journal
published biannually (June and December) in electronic form by Prensijp Publishing.
Submission and the publication process are free of charge.


http://www.biometrystudies.com/

www.biometrystudies.com

Journal of Biometry Studies

- Year 2024 - Volume 4 - Issue 1

EDITORIAL BOARD
Editor-in-Chief
Oytun Emre SAKICI

Co-Editor
Zafer UNAL Kastamonu University, Ttirkiye

Kastamonu University, Ttrkiye

Associate Editors

Muhammad Irfan ASHRAF PMAS Arid Agriculture University. Pakistan
Bahadir Cagri BAYRAM Kastamonu University, Ttirkiye

Soner CANKAYA Ondokuz Mayis University. Ttrkiye

Teresa Fidalgo FONSECA University of Tras-os-Montes and Alto Douro, Portugal
Evren HINCAL Near East University, Ttirkiye

Kamile SANLI KULA Kirsehir Ahi Evran University. Ttrkiye

Ramazan OZCELIK Isparta University of Applied Sciences, Tlrkiye
Krishna Prasad POUDEL Mississippi State University, USA

Adem Yavuz SONMEZ Kastamonu University, Ttrkiye

Mehmet TOPAL Amasya University, Turkiye

Guillermo TRINCADO Austral University of Chile, Chile

Section Editors

Agricultural Sciences

Firat SEFAOGLU Kastamonu University, Turkiye
Aycan Mutlu YAGANOGLU  Atatdrk University, Ttirkiye

Animal and Veterinary Sciences
Orhan CORUM Hatay Mustafa Kemal University, Turkiye

Aquaculture and Fisheries

Ertugrul TERZI

Forestry
ilker ERCANLI
Mehmet SEKI

Health Sciences
Murat ALTUNOK
Murat TOPAL

Technical Editors
Yigit TASTAN
Busra TASTAN

Language Editor
Ali Sukri OZBAY

Kastamonu University, Ttirkiye

Cankirt Karatekin University, Turkiye
Karabuk University, Ttrkiye

Atatdrk University, Ttrkiye
Kastamonu University, Turkiye

Kastamonu University, Turkiye
Prensip Publishing, Ttrkiye

Karadeniz Technical University, Turkiye


http://www.biometrystudies.com/

www.biometrystudies.com

Journal of Biometry Studies

- Year 2024 - Volume 4 - Issue 1

CONTENTS

Research Articles

Exploring ecosystem health through physico-chemical parameters and
bioindicators in Miagao, Iloilo, Philippines: A preliminary study

1-10
Maria Liza B. TORING-FARQUERABAQO, Angelica B. BERMIL, Albaris B.
TAHILUDDIN
Enhancing microbiological stability in municipal water distribution: A
descriptive statistical analysis for public health assurance 11-30

Mostafa E/ISSA

Evaluation of the effect of morphological traits on fish growth by comparison
using ridge and ordinary least squares regression 31-41

Mehmet Fatih CAN. Cemil KARA

Development of double haploid lines using anther culture method with
different F2 combinations 42-48

Berrin DUMLU, Umran KUCUKOZDEMIR, Halit KARAGOZ

Height-diameter relationships in Brutian pine stands in Kursunlu Waterfall
Nature Park 49-55

Dilek SEN. Fadime SAGLAM



http://www.biometrystudies.com/

RESEARCH ARTICLE

Journal of Biometry Studies (2024) 4(1): 1-10
DOI: 10.61326/jofbs.v4i1.01

www.biometrystudies.com

. Journal of Biometry Studies

www.prensip.gen.tr

Exploring ecosystem health through physico-chemical parameters and
bioindicators in Miagao, lloilo, Philippines: A preliminary study

Maria Liza B. TORING-FARQUERABAQ?

, Angelica B. BERMIL!?

, Albaris B. TAHILUDDIN3"

Mindanao State University-Tawi-Tawi College of Technology and Oceanography, College of Fisheries, Sanga-Sanga,

Bongao, Tawi-Tawi/PHILIPPINES

2University of the Philippines Visayas, College of Fisheries and Ocean Sciences, Institute of Marine Fisheries and

Oceanology, Miagao, lloilo/PHILIPPINES

3Kastamonu University, Institute of Science, Department of Aquaculture, Kastamonu/TURKIYE

*Corresponding author: albaristahiluddin@msutawi-tawi.edu.ph

Received: 19/01/2024, Accepted: 22/06/2024

Abstract

Ecological health surveys are crucial for evaluating the well-being of ecosystems, as they provide essential insights through
surrogate indicators, enabling informed decision-making for sustainable environmental management and conservation. This
study conducted an ecosystem health survey in Miagao, lloilo, Philippines, with specific objectives including the evaluation
of physico-chemical parameters, identification of plankton at the family level, microbiological analysis, and detection of
photosynthetic bacteria in selected sites. Four sites were chosen, and physico-chemical parameters in sites 1 and 4 were almost
identical. Plankton presence was observed, but quantification was not conducted. Microbiological analysis in Site 1 indicated
that the total plate count was 10° CFU mL™. Growth of photosynthetic bacteria was observed in samples with sediment after
14 days. Despite limitations in site coverage and real-time insight, the study highlights the presence of bioindicators, offering
valuable groundwork for future research and the need for comprehensive analysis across all sites.

Keywords: Ecosystem, Ecosystem health survey, Microbiological analysis, PSB
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1. Introduction

Ecological health can be viewed in terms of ecosystems,
where structural and functional characteristics are
maintained (Manickavasagam et al., 2019). As ecosystem
health cannot be measured or observed directly, surrogate
measures (indicators) must be applied to assess it
(Burkhard et al., 2008). Each organic entity inside a
biological system provides an indication of the health of its
surroundings (Parmar et al., 2016). One functional way to
assess the health of ecosystems is to measure or model
indicators that represent important processes in the
ecosystem, from which conclusions for the—whole system
can be drawn (Burkhard et al., 2008).

For instance, organisms known as bioindicators—living
entities such as plants, plankton, animals, and microbes—

are utilized to monitor the health of the natural ecosystem
(Parmar et al., 2016). Bioindicators indicate altered
environmental conditions and can be used to identify
and/or quantify the impact of pollutants on the
environment. Assessing the status of bioindicators
indirectly provides an estimate of the natural state or the
level/degree of contamination present in that particular
ecosystem. It can be used as an index of measures or a
model  that  characterizes  ecosystem  health
(Manickavasagam et al., 2019). Bioindication and
biomonitoring have become promising methods for
studying the impacts of external factors on an ecosystem,
its development, and for differentiating polluted and
unpolluted areas. The environment's condition is
effectively monitored by using bioindicator species due to
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their resistance to ecological variability (Parmar et al.,
2016).

The Municipality of Miagao, a province in the Philippines,
is a coastal area located forty kilometers from lloilo City,
along the southwestern part of the province of lloilo, Panay
Island. It has 22 coastal barangays out of the 119
barangays, with a 16 km coastline covering 24,000
hectares of municipal waters with rich fishery resources. A
significant portion of its populace relies on coastal and
marine resources for subsistence and livelihood. In fact,
the 21,896 coastal population, comprising 34% of the
64,545 total population (NSO, 2010; Pilapil-Anasco et al.,
2016), directly and indirectly depends on fishing as their
source of livelihood. As of 2015, the Municipal Fisherfolk
Registration (FishR) Program of BFAR 6 and LGU
Miagao has a total of 2,360 registered fisherfolks, about
four percent (4%) of the total population. According to the
study of Chen et al. (2019a), the utilization of water
resources has increased, and aquatic ecosystems have been
seriously degraded or destroyed in recent years. The
heights of dependability of the locals on its coastal
resources made this survey information crucial to the
locality. The study will serve as a preliminary report on the
current status of the ecosystem’s health in the area. Hence,
this study aims to assess the ecosystem health status of
selected sites in Miagao, lloilo, Philippines. Specifically,
this study aims to: (1) evaluate the physico-chemical
parameters of the sampling areas; (2) identify, to the family
level, the presence of plankton in two selected sites; (3)
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determine the bacterial count of a selected site; and (4)
determine the presence of photosynthetic bacteria in
selected sites using different improvised culture media.

2. Material and Methods
2.1. Study site

The study was conducted in Miagao, lloilo, Philippines.
Four specific sites were chosen for this study, namely: Site
1 — coast near the University of the Philippines (UPV)
hatchery; Site 2 — coast near the UPV Ocean Weather
Laboratory (OWL) building; Site 3 — waters near Sulu
Restaurant; and Site 4 — coast near Barangay Sapa (Figure
1). The choosing of the sites was based on the available
potential domestic wastes that could possibly alter the
ecosystem’s health. Site 1 is closer to hatchery site where
wastes were directly discharged into the water. Site 2 and
3 are near residential areas while Site 4 is along a
commercial restaurant. In addition, the sites chosen were
close to each other due to some logistical constraints such
as time and availability of materials in the laboratory.
However, through the collection of water parameters of the
chosen sites, these may have a group of organisms that
establish bioindicators that can indicate the health of the
ecosystem and have an impact on the community that
relies on fisheries. Furthermore, each experiment only
pertains to specific sites and does not necessarily cover all
four mentioned areas. All analyses were conducted at the
UPV laboratory.

12228 12208 1222 12284 12206

Googe Earth

122228 122 1222 12284 122%

Figure 1. Map of the study site



2.2. Evaluation of physico-chemical parameters and
plankton identification

Physico-chemical  parameters such as  salinity,
temperature, and total dissolved solids (TDS) were
recorded using a YSI Pro Plus multi-parameter water
quality meter. Due to time constraints and laboratory
resource limitations, only two sites were sampled: the
coast near the UPV hatchery (Site 1) where hatchery
discharges are located and Barangay Sapa (Site 4), situated
closer to coastal residences. These sites were chosen to
assess bioindicators indicative of ecosystem health.
Additionally, the type of substrate and weather conditions
at each sampling location were noted for plankton
identification. A plankton tow net with a 50 um mesh size,
12.0 cm diameter, and 30 cm length was used to collect
water samples. The net was manually dragged along the
coast, and the collected samples were then transferred to
separate, properly labeled plastic containers for each site.
These containers were transported to the IMFO-UPV
laboratory for identification wusing a compound
microscope. Samples were identified up to the family level
using the identification manual (Verlecar & Desai, 2004)
and subsequently photographed for documentation and
analysis purposes. A one-time sampling event was
conducted as this study aims solely to provide a
preliminary assessment of the chosen sites' ecosystem
health.

2.3. Glasswares, equipment and media preparation

All glassware, including test tubes, petri dishes, L-rods,
pipettes, pipette tips, etc., were thoroughly washed and
sterilized to prevent any contamination. The sterilization
process took place at the IMFO-UPV Laboratory. On the
other hand, media preparation was conducted at the
Institute of Aquaculture (1A), UPV. The media used are
listed in Table 1. These media were accurately weighed
with their corresponding concentrations and then
autoclaved. Subsequently, they were poured into petri
dishes and properly labeled.

Table 1. Media used in bacterial counting in this study

Treatment Media Used
No.
1 nutrient agar (NA) + filtered seawater (FSW)
2 tryptone + yeast extract + agar-agar + FSW

3 NA + 2% NacCl + distilled water

2.4. Microbiological analysis

A water sample from one site, specifically the coast near
UPV hatchery, was taken to the Microbiology Laboratory
of IA-UPV for the total plate count (TPC) of bacteria
present. Only one site was processed instead of two due to
time constraints and the availability of materials in the
laboratory. Five-fold dilutions were prepared with sterile
saline solution. An aliquot (100 pL) of each sample
dilution was spread onto plates with prepared media using
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an L-rod. The plates were then inverted, placed inside
transparent plastic cellophane, and stored in the laboratory
at room temperature for 72 hours. Only the first, third, and
fifth dilutions were used in this study. Two replicates per
sample were prepared and executed. All plates were
monitored every 24 hours, and the number of colonies
present was counted. For the calculation of bacteria
colonies using the TPC method, the following procedure
was employed:

Number of colonies
TPC =

Dilution Factor x Volume Plated

2.5. Determination of the Presence of Photosynthetic
Bacteria (PSB)

Media preparation

An egg solution was served as fertilizer and used to aid the
growth of PSB in this experiment. The ingredients used
were 2 eggs, 2 tablespoons of monosodium glutamate
(MSG), and 1 tablespoon of soy sauce. These were mixed
thoroughly and added to each water sample collected from
each study site.

Culture method and monitoring of PSB growth

Collected water and sediment samples from all four sites
were used in this experiment. Transparent plastic bottles
with a volume of 200 mL were used, and a total of ten
treatments were prepared (Table 2). The media, i.e., the
fertilizer aiding in bacterial growth, was then added to each
bottle. Each site had two treatments: water samples only
and water together with its sediments. The sediment for the
control treatment was gathered from terrestrial soil nearby.
Ten bottles were prepared, appropriately labeled, and
stored at the Faculty Center Building of UPV, where
sufficient sunlight is available (Figure 2). Monitoring was
conducted once a week for 21 days. Each bottle was
thoroughly observed for any progress, and observations
were noted. Samples were also photographed during each
visit for documentation and analysis purposes.

Table 2. Treatments used in PSB culture in this study

Treatment

No. Samples Used

coast near hatchery of UPV; water only
coast near hatchery of UPV; water + sediment
coast near OWL building of UPV; water only

coast near OWL building of UPV; water +
sediment

waters near Sulu Restaurant; water only
waters near Sulu Restaurant; water + sediment
coast near Barangay Sapa; water only

coast near Barangay Sapa; water + sediment
distilled water (control)

10 distilled water + soil (control)
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Figure 2. Experimental samples used in PSB culture

3. Results and Discussion
3.1. Physico-chemical parameters

Physico-chemical and biological characteristics dictate the
aquatic ecosystem’s health (Venkatesharaju et al., 2010).
According to Pal and Chakraborty (2014), good quality of
water resources depends on a large number of physico-
chemical parameters and biological characteristics. Water
quality is an important component of a water ecosystem
health assessment (Chen et al., 2019a). In this study, only
two sites, namely sites 1 and 4, were considered in this part
of the experiment, as these two sites were initially planned
for microbiological analysis. The selection of sites was
limited due to the availability of materials in the
laboratory. The water sample in site 1 was collected from
an area near hatchery discharges, while the water sample
in site 4 was collected from an area near coastal
community residences. Physico-chemical parameters for
the two sites did not show any significant differences since
the two locations are less than a kilometer away (Table 3).
The only distinction between the two is the type of
substrate each area has, i.e., sandy for site 1 and rocky for
site 4. Water parameters were measured during a sunny
day; hence, the temperature is quite high, coinciding with
its salinity.

Table 3. Physico-chemical parameters

Sampling Type of Salinity Temperature Total dissolved

Site  substrate (ppt) (°C) solids (TDS)
1 Sandy  32.7 27 32.06
4 Rocky  33.0 27 32.27

The first bioindicators identified in this study are plankton.
In many water bodies, such as seas, lakes, streams, and
swamps, significant biological production is carried out by
plankton. These organisms consist of communities that
float along currents and tides, yet they fuse and cycle
important quantities of energy that are then passed on to
higher trophic levels (Walsh, 1978). The presence of
plankton is key to marine organisms, serving as both an
indicator of water quality and the main food source for
many fish (Thakur et al., 2013). The changes that occur
within the communities of plankton provide the platform
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to determine the trophic state of water bodies (Pradhan et
al., 2008). These organisms respond rapidly to changes
taking place in the surrounding environment and serve as
important biomarkers for assessing the quality of water as
well as indicators of water pollution (Parmar et al., 2016).

Plankton includes both plants, referred to as
phytoplankton, and animals referred to as zooplankton. As
shown in Table 4, both sites have the presence of diatoms
and dinoflagellates, which are  phytoplankton.
Phytoplankton have been used for the successful
observation of water contamination and are a useful
indicator of water quality (Wu, 1984). Changes in the
diversity of phytoplankton species may indicate pollution
of the marine ecosystem (Walsh, 1978; Hosmani, 2014).
However, this study only focuses on the identification of
plankton present at the family level. Counting was not
done in this study due to some unexpected circumstances
(i.e., time due to the COVID-19 pandemic) where
prohibitions were enforced and all samples left in the
laboratory were left out and damaged; hence, conclusions
about the status of the ecosystem in the locality are not
possible. In the context of altering nutrient charges in
aquatic systems, the ratio of the major phytoplankton
groups, diatoms versus flagellates (diatoms—nondiatoms
ratio), can be used as an indicator. For example, regarding
eutrophication, nutrient reductions can be observed in a
decrease in flagellate abundance (Burkhard et al., 2008).
Diatoms are powerful indicators of environmental change
and have emerged as preferred indicators in monitoring
studies (Dixit et al., 1992). In the study of Yusuf (2020),
the presence of organic pollution indicators Closterium sp.,
Navicula sp., Nitzschia sp., Synedra sp., Chlamydomonas
sp., Cyclotella sp,. and Anacystis sp. is a warning sign of
the deteriorating condition of the water quality in the
reservoir. Therefore, quantifying the presence of plankton
and identifying it at the species level will give more weight
to overseeing the real state of the ecosystem.

For the zooplankton identified in the study, both sites
exhibited the same presence of copepods. Identification of
the zooplankton plays a vital role and forms the
intermediate trophic status between phytoplankton
communities and fish groups which serves as a necessary
component of the aquatic ecosystem (Pal & Chakraborty,
2014). The organism plays a vital role in the food chain,
nutrient recycling, and energy flow in the aquatic
ecosystem (Park et al., 2007). According to Aslam et al.
(2012), copepods (cyclops & phyllodiaptomus) indicate
the health of the marine body. These organisms are
microscopic animals living near the surface of the water
body. They are poor swimmers, instead relying on tides
and currents as a transport mechanism. Zooplankton also
play an important role as bioindicators and help to evaluate
the level of water pollution (Parmar et al., 2016). These
types of organisms play a pivotal role in aquatic food webs
by transferring carbon to higher trophic levels, consuming
microorganisms (bacteria, protists), and serving as prey for



fish and invertebrates (Drira et al., 2018). The presence or
absence of certain zooplankton species may indicate the
relative influence of different water types on ecosystem
structures and may serve as an early indication of a
biological response to environmental and climatic changes
(Hays et al., 2005; Ziadi et al., 2015). They are identified
as excellent bioindicators to evaluate the contamination of
any coastal and oceanic bodies (Zannatul & Muktadir,
2009; Parmar et al., 2016). Quantification of these
organisms is of great importance as well to have an
overview of the area’s ecosystem health. However,
determination of their abundance was not done in this
experiment.

Table 4. Plankton identified in two study sites

Sampling
Site
1 Diatoms

Phytoplankton Family Zooplankton

Rhizosoleniaceae
Coscinodiscaceae
Thallasionemataceae
Leptocylindraceae
Naviculaceae
Chaetocerotacea
Bacillariophyceae
Dinoflagellate Pyrocyctis
Ceratium
Gymodinium
Bacillariophyceae
Rhizosoleniaceae
Coscinodiscaceae
Lithodesmiaceae
Chaetocerotacea
Eupodiscacea
Dinoflagellate Ceratium Fish
Larvae
Copepods
Zoea

Copepods

2 Diatoms Copepods

3.2. Microbiological analysis

Microorganisms play a crucial role in maintaining and
sustaining any ecosystem, as they are more capable of
rapid adjustment toward environmental changes and
deterioration (Sorokin, 1981; Dash et al., 2012). Marine
microbial communities form the basis of the ocean food
web and, therefore, produce food for all life in the ocean
(Glockner et al., 2012). They can also serve as indicators
of aquatic or terrestrial ecosystem health. Due to their
abundance, they are easy to test and readily available
(Parmar et al., 2016). One such marine microorganism is
bacteria (Glockner et al., 2012), which is used in this study
to evaluate the ecosystem’s health status of a selected site
in Miagao, lloilo. The site near UPV hatchery was chosen
due to its location where discharges from the said facility
are the focus of water sampling. Results revealed that in
almost all of the tested media, abundances were
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consistently at almost the same level, approximately 10°
CFU mL%, indicating a higher bacterial presence at the
sampling site, likely due to its proximity to the hatchery
system where effluents are discharged. Bioindicators are
evidently present in this area, suggesting a lack of
bioremediation. Although the bacteria are not identified, it
can be inferred that the sampling area is considered
biologically polluted. Microbial pollution of coastal areas
can harm aquatic wildlife, i.e., potentially detrimental to
coral reef community health, as well as human health,
leading to many skin and intestinal diseases, thus reducing
the benefits that coastal environments provide to the
community (Basili et al., 2021; Ochsenkiihn et al., 2021).

Table 5. Total plate count (TPC, CFU mL™) of bacteria
from UPV hatchery water sample

Incubation period (h)

Treatment 4 48 7

1 (NA+FSW) 3.0x10° 20x10° 2.0x10°
2 (tryptone+yeast+ 3.0x10% 20x10° 5.0x10°
NaCl+agar-agar+FSW)

3 (NA+2%Nacl+ 26x10® 4.0x10° 85x10°

distilled water)

3.3. Growth of photosynthetic bacteria

Bacteria have long been known to play a part in marine
ecosystems (Sorokin, 1981). A particular strain of these
microorganisms is known as photosynthetic bacteria
(PSB). PSB are the earliest prokaryotes with a primitive
photo energy synthesis system on earth (Chen et al., 2020)
and are widely distributed in oceans, lakes, soil, and
activated sludge (Zhou et al., 2015), possessing light-
absorbing pigments (Talaiekhozani & Rezania, 2017).
This means that this type of bacteria harvests light energy
using specialized pigments (the ‘photo’ part) and can
convert CO> into organic carbon (the ‘synthesis’ part),
although with differing efficiencies (Karl, 2002). There are
four families of PSB: Rhodospirillaceae (purple non-sulfur
bacteria, PNSB), Chromatiaceae (purple sulfur bacteria),
Chlorobiaceae (green sulfur bacteria), and
Chloroflexaceae (gliding filamentous green sulfur
bacteria) (Blankenship et al., 1995). These bacteria have
versatile metabolic pathways (Madukasi & Zhang, 2010).
Under light conditions, their metabolic pathways are
photoautotrophic or photoheterotrophic; whereas under
dark conditions, the metabolic pathway is chemo-
heterotrophic (Larimer et al., 2004) hence enabling them
to survive under light-anaerobic or dark-aerobic conditions
(Talaiekhozani & Rezania, 2017). Such flexibility enables
PSB to utilize various types of substrates, including
organics, N, P, and S (He et al., 2010).

PSB cells are rich in high-valued substances, in which the
protein content is usually 45%-65% (Yang et al., 2018).
These high-value substances can be utilized as animal
feed, fertilizer, agents of disease prevention, food and



cosmetic supplements, and soil conditioners (Chen et al.,
2019b). The photosynthetic bacteria also offer numerous
advantages for the bioremediation process due to their
capacity to utilize various types of organic compounds.
They have the ability to remove COD, nitrogen,
phosphorous, and different types of heavy metals from
wastewater (Talaiekhozani & Rezania, 2017). Moreover,
in the study of Chen et al. (2019b), PSB are used in
wastewater treatment, i.e., a new technology that can
simultaneously remove pollutants from wastewater and
produce high-value substances. Numerous studies
conducted by different authors (e.g., Kaewsuk et al., 2010,
Chitapornpan et al., 2013, Prachanurak et al., 2014, Zhou
et al., 2014) showed and noted that PSB have been utilized
for the treatment of different wastewaters from sugar
industries, food processing, chicken abattoirs, dairy, and
fermented starch. This type of bacteria is resistant to salty
environments; therefore, they have good potential for
treating different high-organics-load wastewaters (Qin et
al., 2017). Furthermore, PSB are not only applicable for
wastewater treatment but are also used to generate quality-
added products such as biodiesel and hydrogen
(Talaiekhozani & Rezania, 2017). Hence, PSB serve a
significant purpose in the marine environment.

In this study, the culturing of PSB utilizing an egg solution
as fertilizer in water samples gathered from each selected
site was used to determine the presence of these organisms.
Observed growth of PSB, as shown in Figure 3, was
noticed after 14 days of culture. The areas where these PSB
grow are water samples gathered from the coast near the
UPV hatchery, UPV-OWL building, and Barangay Sapa.
In addition to that, samples with sediments are the ones
where PSB successfully grow. The purple colors in each
bottle designate the presence of this type of bacteria.
According to Kolber et al. (2000), PSB has several
independent lines of purple pigments which this
experiment is based on. The presence of purple carotenoids
such as spirilloxanthin gives these bacteria their distinct
color (Jagannathan & Golbeck, 2009). The rest of the
water samples do not exhibit any growth of PSB after 21
days of culture. Fleischman (2011) stated that PSB plays
many important roles in the environment, as much as a
third of the earth’s photosynthesis is performed by
microorganisms in the oceans. The areas where PSB were
being observed are all water samples gathered from a coast
hence coinciding with the studies that these organisms can
be found in marine waters. In the study of Orel et al.
(2022), these types of bacteria have a high ability to
remove heavy metals, dyes, and macro-pollutants from
wastewater and a promising technology to treat different
types of wastewater effectively and economically. As for
the control sample, it showed no signs of growth, and the

Journal of Biometry Studies 4(1): 1-10

other site, i.e., near Sulu Restaurant, is subjected to some
domestic discharges which may have affected the salinity
of the area. However, further investigation must be done
since water parameters were not being gathered during the
experiment.

The results of the study would provide the local
government and community with an overview of the
ecosystem health status of the locality. Without clear
definitions of ecosystem health, it is not possible to set
targets and assess whether management actions have been
effective. Bioindicators have remarkable potential in
forecasting disasters, preventing pollution, and exploring
and conserving natural resources, all aiming at sustainable
development with minimum destruction of the biosphere
(Manickavasagam et al., 2019). The findings of this study
will serve as baseline information for future coastal
resource management planning by responsible agencies
and will also serve as a trial experiment. It can be applied
to predict the impact of anthropogenic activities,
particularly pollutants, and predict environmental changes
in a timely manner. Informing the public about the real-
time status of their coastal water is of high importance.
Even though the concept of ecosystem health has been
criticized for being too fuzzy and not concrete enough for
practical application, Burkhard et al. (2008) stress that it
still found entry into different management strategies and
definitions of political targets. Furthermore, O’Brien et al.
(2016) emphasize that assessing ecosystem health is an
ongoing priority for governments, scientists, and managers
worldwide.

4, Conclusion

In conclusion, with the preliminary data gathered,
ecosystem health surveys in coastal areas, particularly in
regions like Miagao, lloilo, Philippines, are crucial for
communities heavily dependent on fisheries. Additionally,
time constraints and limited equipment in the laboratory
are likely to mean that not all potential variables can be
monitored. Hence, this paper highly recommends
evaluating the sites thoroughly again for comprehensive
data. Ecosystem health, indicative of sustainability and
minimal external support, is intertwined with the well-
being of both the environment and its human inhabitants.
The assessment's results offer real-time insights into the
coastal ecosystem, enabling informed decision-making for
the benefit of both humans and the environment.
Moreover, the preliminary data can help the
policymakers/managers to make appropriate decisions to
gather a more comprehensive scientific record for the
better management of the coastal ecosystems studied.
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Figure 3. Monitoring of PSB growth for 21 days in this study
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Abstract

The microbiological quality of municipal water is of prime importance for public health and represents a prominent concern
for authorities to maintain and control the bioburden level within safe limits. An appropriately functioning network must
ensure the biological stability of the water distribution system throughout the way of water from the processing and
purification station until reaching the ultimate consumers. The study examines methodologies used to evaluate different
segments from a local distribution system of city water by examining short-term results of the total microbial count obtained
from several available points of use through a one-year period. Microbial variations observed in city's water system. Autumn
has the highest bioburden. Locations exceeding 10,000 CFU/100 mL threshold warrant investigation. Non-uniform
distribution across the system suggests potential influence of distance, pipe type, and biofilms. Early warning system
established to monitor bioburden surges. Descriptive analysis showed that six lines from 19 examined sections from the
distribution system had lower dispersion in the microbiological data between minimum and maximum results than the
remaining parts of the distribution pipes. Moreover, multiple comparison test outputs returned significant differences in
microbiological density datasets between high-count and low-count use points. Thus, surveying the layout design of the
municipal water distribution infrastructure would be crucial to restate its impact on the sanitary distribution of water. In
conclusion, this refined study provides a nuanced examination of microbiological stability in municipal water distribution,
offering targeted insights for effective public health management. By implementing the present assessment, public health
authorities can spot and identify defective areas in the distribution system and take necessary actions to prevent or mitigate
potential risks of waterborne diseases.
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1. Introduction various industries and homes via underground pipes
(Sensorex, 2020). This water is fully treated and processed
before being delivered to these destinations, which means
that the majority of impurities are removed before it can be
potable or used in the shower (Netsol Water Solutions Pvt,
2022). Even though the Environmental Protection Agency
(EPA) has established water quality standards that each
municipality must meet, the quality of tap water can vary
from community to community (Netsol Water Solutions
Pvt, 2022; US EPA, 2013). Therefore, it is important to
monitor and evaluate the quality of municipal water and to
identify and address the potential challenges and risks that

Water is essential for life, health, and well-being.
However, not all water sources are equally safe and
reliable. Municipal water, or tap water, is the main source
of water for various industries and homes in many
countries. It is delivered through underground pipes that
connect the water treatment plants to the end-users.
Municipal water undergoes rigorous treatment and
processing to remove most of the impurities and
contaminants that may pose health risks or affect the water
quality. Municipal water is tap water that is delivered to
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may compromise its safety and suitability for different
purposes. The goal of public health authorities is to assess
the microbiological stability of municipal water
distribution in urban regions, using various indicators and
methods. The methodologies should provide valuable
insights for effective public health management and water
quality improvement (Apure, 2022).

Through a network of pipelines, reservoirs, and valves,
municipal water distribution systems provide treated water
to a variety of residences and businesses. This water's
microbiological stability is crucial to guarantee its safety
and purity for use and consumption by humans. The idea
of giving customers drinking water with the same
microbial quality at the tap as it produces at the water
treatment facility is known as “microbiological stability”
(Sensorex, 2020). However, during distribution,
unchecked bacterial and other microbe development may
happen, posing a risk to hygienic conditions as well as
aesthetic and functional issues (Netsol Water Solutions
Pvt, 2022). Microbial proliferation, for instance, can lead
to the emergence of opportunistic diseases, like
Legionella, which can endanger the health of susceptible
people (US EPA, 2013). Additionally, microbial
development can change the water's color, taste, odor, and
turbidity.

In general, drinking municipal water must be relatively
safe. For a municipality to provide water to residents and
businesses, the water must first be treated and tested (CDC,
2022). If it does not meet local or national standards, the
water must be treated again until a certain number of
contaminants have been removed (World Health
Organization, 2008). As previously stated, some
municipalities are more effective than others at treating tap
water, which means that certainty about the quality of
municipal water cannot be assured from the final consumer
point of view (CDC, 2020). The concept of biological
stability of drinking water refers to providing consumers
with drinking water of the same microbial quality as that
produced at the water treatment facility (Park et al., 2016;
Prest et al., 2016). Uncontrolled growth of bacteria, on the
other hand, can occur during distribution in water mains
and premise plumbing, resulting in hygienic (e.g.,
development of opportunistic pathogens), aesthetic (e.g.,
deterioration of taste, odor, color), or operational (e.g.,
fouling or bio-corrosion of pipes) issues (Hayward et al.,
2022; Ibekwe & Murinda, 2019). Diverse microorganisms
compete for limited available nutrients for growth in
drinking water (Hibbing et al., 2010).

Water is an essential resource, and ensuring its safety is a
top priority for municipalities around the world (Eissa,
2017). One critical aspect of this is assessing
microbiological stability, which involves analyzing the
presence of microorganisms in water distribution systems
(Cabral, 2010). Descriptive statistical analysis plays a
crucial role in this process, as it helps to identify trends and
patterns in the data (Eissa, 2015). By using statistical tools
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such as mean, standard deviation, and correlation analysis,
experts can gain valuable insights into the health of these
systems and make informed decisions about how to
maintain and improve their performance (Eissa, 2016a). In
this article, we will explore the importance of descriptive
statistical analysis in assessing microbiological stability in
municipal water distribution systems, and how this
approach can help to ensure the safety and well-being of
communities around the world. The importance of
descriptive statistical analysis in assessing microbiological
stability in municipal water distribution systems will be
explored in this article, and how this approach can help to
ensure the safety and well-being of communities around
the world. However, it is also acknowledged that the
validity and reliability of this method depend on the
sample size and frequency of testing, which may be
constrained by practical and financial factors in the initial
phases of surveillance.

The safety and quality of drinking water are of utmost
importance, and as such, it is crucial to ensure that
municipal water distribution systems are microbiologically
stable (Eissa, 2018). One way to assess this is through the
current in-depth analysis, which allows us to better
understand the trends and patterns in microbial data. By
examining key factors such as microbial load and variation
in the count, potential sources of defects should be
identified and proactive measures to prevent them.

The microbial quality of water is critical for the validity of
human use, especially since humanity is approaching an
advanced stage of water scarcity. Due to the challenges
encountered with city water use and its safety
microbiologically, an effective examination technique,
including quantitative and descriptive methodologies must
be adopted by the public health authority to assess the
microbial quality of the municipal distribution system. A
focus on a specific topic concerning biological stability
shall be discussed herein via bioburden density in tap water
to measure the magnitude of the stability of this inspection
property at the preliminary stages of monitoring with a
limited number of samples available. This study aims to
assess the microbiological stability of municipal water
distribution systems in a selected city, using descriptive
statistical analysis of microbial data. This approach allows
us to better understand the trends and patterns in microbial
data and to identify key factors that influence the microbial
load and variation in the water. By examining these
factors, we can detect potential sources of defects and
propose proactive measures to prevent them.

2. Material and Methods

Municipal water samples were collected monthly for one
year when available or accessible.

2.1. Location and study subject

A specific area embracing a tape water distribution
network was selected for investigation of the total
microbial aerobic count. The examined piping system is



contained within a single district included within the Giza
governorate. The study included 19 sampling points of use
after two storage tank units from the processed city water.
The selection of sampling points and criteria considered
several factors. First, the availability and accessibility of
data on the water distribution network and water quality
parameters within the district were crucial. Additionally,
the representativeness and diversity of water consumption
patterns and water demand allocation methods within the
district were considered. The research objectives and
proposed model also played a role, with the relevance and
applicability of the chosen district being a key factor.

Spatial distribution and coverage of sampling points were
crucial. Points were chosen to represent different zones
and branches of the network, ensuring a comprehensive
overview.  Finally, the functional and operational
characteristics of the points of use themselves were taken
into account. This included factors like the type of water
use (domestic, commercial, etc.), water consumption
frequency and duration, and the presence of storage tanks
or other devices that could influence water quality. Only
points with reliable water quality measurements, such as
total microbial aerobic count and turbidity, were included.

2.2. Type of microbiological analysis

The microbiological quality of city water samples was
assessed by measuring the bioburden density in 100 mL of
water as Colony Forming Unit (CFU). The samples were
collected monthly from the available points of use
throughout the year 2022. The Total Viable Aerobic Count
(TVAC) was determined by filtering the samples through
0.45 um sterile membrane filters and incubating them on
appropriate culture media (Eissa et al., 2022). The
neutralization was performed by adding sodium thiosulfate
to the sample containers, as recommended by the 1SO
19458:2006 standard on the sampling bottles (Eissa &
Rashed, 2022; Eissa et al., 2022).

2.3. Statistical analysis and software platforms

A variety of statistical techniques were employed to
analyze the microbiological data, including Pareto
analysis, outlier detection, and non-parametric tests like
the Wilcoxon signed-rank test (for comparing medians of
paired samples) and the Kruskal-Wallis test (for
comparing medians of multiple groups). The Spearman
correlation matrix was also used to assess relationships
between microbial levels at different use points. These
techniques helped identify significant differences in
bioburden levels across seasons, locations within the water
network, and even specific use points.

3. Results
3.1. Water microbial density and time factor

The analysis of microbial counts in the city's water system
revealed significant seasonal variations. Figure 1 utilizes
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the Pareto principle to highlight the most impactful seasons
and months on the overall bioburden. When combined,
spring and autumn bioburden levels contribute over 80%
of the total microbial count. Further breakdown by month
shows an even greater disparity. Two fall months,
September and November, account for more than half
(54%) of the total bioburden, while two spring months,
April and May, contribute only 23.5%. Interestingly, even
summer's August month falls within the top contributors,
accounting for an additional 7.5%, bringing the combined
impact of these three seasons to over 85% of the total
microbial count.

3.2. Microbiological variations and extremities over the
study term for the analyzed point-of-use

The procedure of sample preparation, collection and
processing was consistent with previous similar research
that was conducted on the same line (Eissa & Rashed,
2022). This procedure was chosen because it is a standard
and reliable method for detecting and enumerating the total
microbial population in water samples (Eissa & Rashed,
2022; Eissa et al., 2022). It is also important to neutralize
the residual disinfectant in water samples before analysis,
as it can inhibit the growth of microorganisms and affect
the accuracy of the results. Aberrant Samples Detection for
the water use ports labeled SK1, ST2, RNT, LER, PCW,
MIQ, G02, G04, G07, G3A, G3B, G18, G19, G33, G52,
G68, G71, G75 were statistically tested as could be seen in
Figure 2. The number of outliers detectedwas 1, 1, 1, 2, 2,
2,2,2,3,1,2,2,2,3,2,1,0,0, 1, respectively. Thus, the
excursion rates (%) were 8.3%, 9.1%, 8.3%, 16.7%,
18.2%, 16.7%, 16.7%, 25.0%, 8.3%, 16.7%, 16.7%,
16.7%, 25.0%, 16.7%, 8.3%, 0.0%, 0.0%, 8.3%,
respectively. This finding was summarized in Figure 2
with two extreme rates (maximum 25.0% and minimum
00.0%) of the excursion rates shown in addition to the
statistics computed in the clustered column diagrams.

The Coefficient of Variation (CV) is a statistical measure
that relates the standard deviation of a set of values to its
mean. It is often expressed as a percentage and is used
herein to compare the degree of variability between
distinct sets of microbiological counts in a water line
(Figure 3). For estimated values, the CV can be used to
assess the precision of the. A lower CV indicates a more
precise estimation of water quality (G68, G07, G71 and
G03), while a higher CV suggests greater uncertainty or
variability around the estimate (ST2, G18, G02 and PCW).
By expressing the coefficient of variation as a percentage,
it provides a standardized measure of dispersion that can
be used to compare data sets across different domains. A
fluctuation in the coefficient of variation is a useful
statistical tool that can help investigators and analysts to
assess the degree of variability and precision in the water
distribution system datasets.
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Figure 1. Pareto analysis showing the periods embracing major bioburden level in city water distribution system

The first diagram presents two Pareto charts that illustrate
the bioburden levels in a city’s water distribution system
across various seasons and dates. Bioburden refers to the
quantity of microorganisms present in a sample. Figure 1
depict the total or average bioburden levels for each
category, along with the cumulative percentage of the total
bioburden. The categories are organized in descending
order of bioburden levels, from left to right. These charts
are useful in identifying the most significant factors that
contribute to the bioburden levels in the water system. The
upper chart displays the total bioburden levels for each
season. Autumn records the highest bioburden level,
followed by spring, summer, and winter. This suggests that
the bioburden levels fluctuate with the seasonal changes in
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temperature, rainfall, and water demand. The lower chart
reveals the average bioburden levels for specific months.
It is observed that some dates have significantly higher
bioburden levels than others, which could be attributed to
factors such as water quality, maintenance, or
contamination events.

The second diagram demonstrates the results of outlier
detection of microbial count in the examined distribution
lines of municipal water. The upper graph uses vertical
bars to represent microbial counts at different use points
labeled from SK1 to G75. The blue bars indicate outliers,
while the red bars indicate non-outliers. The y-axis is
labeled as “Frequency” ranging from 0 to 12. The lower
graph is another bar plot representing the distribution of



microbial counts at different use points. Figure 2 shows the
interquartile range (IQR), lower limits, and upper limits
using blue, red, and green lines respectively. The y-axis is
also labeled as “Statistical Limits” but has a different scale
x 10,000. This diagram illustrates that the microbial count
varies significantly across the use points, and that some use
points have extremely high or low values that deviate from
the normal range.

Figure 3 depicts the Coefficient of Variation (CV) for
bioburden samples estimated from different locations from
the distribution lines of city water under examination. The
CV values are represented on a bar graph, with each bar

Journal of Biometry Studies 4(1): 11-30

corresponding to a specific location or sample type. The
CV is a measure of the relative variability of a data set,
expressed as a percentage. It is calculated by dividing the
standard deviation by the mean and multiplying by 100. A
higher CV indicates a higher degree of dispersion or
heterogeneity in the data, while a lower CV indicates a
higher degree of consistency or homogeneity in the data.
The graph shows that the CV values vary widely across the
different locations and sample types. This suggests that the
bioburden levels in the city water are not uniform and may
depend on factors such as the distance from the source, the
type of pipe, the presence of biofilms, and the sampling
method.
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Figure 2. Outlier detection of microbial count in the examined distribution lines of municipal water
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Figure 3. Coefficient of variation (CV) for the bioburden samples estimated from different
locations from the distribution lines of city water under examination

3.3. Establishment of early warning alarm using cut-off
threshold

All Setting a warning limit for the microbiological count
of city water distribution lines would be a desirable
measure. This cut-off limit was set arbitrarily far below the
action threshold of 50,000 CFU/100 mL value namely
10,000 CFU/100 mL. The non-parametric t-test analog test
was used to identify the lines with a higher potential of
bioburden density. With this respect distribution segments
that showed actual medians that are statistically not
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significantly different from the reference value at ¢=0.05
were the main source of the microbial density aberrancy
i.e., use ports G68, G71 and G3A with minority in G19 and
G33. This is reflected in the discrepancy values and
indicated by the two-tailed p-value as could be seen in
Figure 4. The remaining points of use were far below this
alarming limit and hence are statistically different from it.
This study established an early warning alarm for the
microbiological count of city water distribution lines using
a cut-off threshold of 10,000 CFU/100 mL. This threshold
was chosen to be much lower than the action threshold of



50,000 CFU/100 mL to ensure timely detection and
prevention of microbial contamination. By applying a non-
parametric test, the study identified the distribution
segments that had a higher potential of bioburden density
and were not significantly different from the reference
value. These segments were G68, G71, and G3A, with
some contribution from G19 and G33, as shown in Figure
4. These segments should be monitored closely and
subjected to appropriate interventions to reduce the
bioburden levels and improve the water quality. The
remaining points of use were well below the alarming limit
and were significantly different from the reference value,
indicating a satisfactory microbial stability.

Figure 4 shows the results of a non-parametric t-test analog
that compares the median microbial counts of different
water lines with a reference value of 10,000 CFU/100 mL,
which is the cut-off threshold for the early warning alarm.
The p-values indicate the probability of obtaining a result
equal to or more extreme than the observed one, assuming
that the null hypothesis is true. The null hypothesis is that
the median microbial count of each water line is equal to
the reference value. The lower the p-value, the more
evidence there is to reject the null hypothesis and conclude
that the water line has a significantly different median
microbial count from the reference value. The figure
illustrates that some water lines have major or minor
microbial counts that are statistically referenced to the
alarming threshold value, meaning that they have
significantly higher or lower median microbial counts than
the reference value. These water lines are G68, G71, G3A,
G19, and G33, as shown by their low p-values and high
discrepancies. These water lines should be monitored
closely and subjected to appropriate interventions to
reduce the bioburden levels and improve the water quality.
The remaining water lines have median microbial counts
that are not significantly different from the reference value,
indicating a satisfactory microbial stability.

3.4. Descriptive
microbiological data

statistical distribution of

The descriptive statistical analysis of the microbial count
per 100 mL of water for different sampling locations is
shown in Figure 5 in descending order of magnitude. The
datasets demonstrated non-Gaussian distribution with
strong skewness to the right side. The significance of
demonstrating a non-Gaussian distribution for microbial
count data is that it indicates that the data are not
symmetric and have a long tail on the right side, meaning
that there are some extreme values or outliers that are much
higher than the average. This implies that the data are over-
dispersed and have more variability than expected from a
normal distribution. This affects the interpretation of the
data because it means that the mean and standard deviation
are not sufficient to describe the central tendency and
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dispersion of the data and those parametric statistical tests
that assume normality may not be valid or reliable.
Therefore, alternative methods such as non-parametric
tests, transformation, or modeling with appropriate
distributions (such as Poisson, negative binomial, or zero-
inflated models) may be needed to analyze the data and
draw meaningful conclusions.

This distribution is important in the context of water
quality assessment because it reflects the heterogeneity
and complexity of the microbial communities in different
water sources and environments. Microbial count data are
influenced by many factors, such as sampling methods,
sequencing technologies, environmental conditions, and
biological interactions. These factors can cause variation
in the abundance and diversity of microbes across samples
and locations, resulting in skewed and over-dispersed data.
Understanding the distribution of the data can help to
identify the sources and patterns of microbial
contamination, assess the risks and impacts of waterborne
diseases, and evaluate the effectiveness of water treatment
and management strategies Thus, most of the sampling
ports showed results that did not pass the normality test (at
a significance level a 0.05). The stability of the bioburden
level could be demonstrated by points RNT, SK1, ST2,
MIQ, LER and GO7. However, rising level of variability
could be explored in G03, PCW, G75, G04, G18, G3B,
G71, G52, G68, G33, G3A, G02 and G109, respectively.
The rising level of variability in the sampling ports
indicates that the microbiological counts are not consistent
and may fluctuate over time or space. Some factors that
may contribute to this variability are:

e Water quality and treatment: The source water quality,
the type and dosage of disinfectants and the
effectiveness of filtration and chlorination may affect
the microbial diversity and abundance in the water
supply systems.

e Water distribution system: The age, material, and
design of the pipes, the presence of biofilms, the water
pressure and flow rate, and the occurrence of leaks or
breaks may influence the microbial community
composition and dynamics in the water distribution
system.

e Building water supply system: The configuration,
maintenance, and usage of the building water supply
system, such as the faucets, showers, heaters, and
coolers, may impact the microbial growth and survival
in the building water supply system.

e Environmental factors: The temperature, seasonality,
light irradiation, pH, nutrients, organics, and antibiotics
may affect the microbial activity and diversity in the
water supply system.
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Figure 4. The output of the non-parametric t-test analog shows lines with major and minor microbial counts
that are statistically referenced to the alarming threshold value. The top part of the figure displays a bar
chart comparing the actual median and discrepancy at various municipal use points. The bars represent

different values, with red indicating discrepancies and blue representing the actual median. The discrepancy
is the difference between the actual median and the reference value. The middle part shows the sum of

negative ranks for each municipal use point. The negative ranks are the ranks of the observations that are
below the reference value. The bottom part, labeled as “Pareto Chart of p-Values”, illustrates the p-values
associated with each municipal use point in a descending order.
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The two ways for data visualization mentioned in Figure 5
could be described as the following:

e Dot plot of descriptive statistics: This plot provides a
visual representation of the spread and central tendency
of microbiological data from different points-of-use.
Each point-of-use is represented by different colored
dots that indicate various percentiles, median, and
minimum/maximum values. This visualization aids in
quickly identifying the distribution and variability of
microbial counts across different water lines, helping to
assess their microbial stability.

¢ Individual value plot: This plot displays individual data
points for each point-of-use, offering a detailed view of
the microbiological count at each specific location. It
allows for an in-depth analysis to identify any outliers
or specific points with unusually high or low microbial
counts, contributing to a comprehensive understanding
of the water lines’ microbial stability.

3.5. Pairwise comparison between microbiological
record data from points of use under investigation

A water sample from one site, specifically the coast near
UPV hatchery, was taken to the Microbiology Laboratory
of IA-UPV for the total plate count (TPC) of bacteria
present. Only one site was processed instead of two due to
time constraints and the availability of materials in the
laboratory. Five-fold dilutions were prepared with sterile
saline solution. An aliquot (100 puL) of each sample
dilution was spread onto plates with prepared media using
an L-rod. The plates were then inverted, placed inside
transparent plastic cellophane, and stored in the laboratory
at room temperature for 72 hours. Only the first, third, and
fifth dilutions were used in this study. Two replicates per
sample were prepared and executed. All plates were
monitored every 24 hours, and the number of colonies
present was counted. For the calculation of bacteria
colonies using the TPC method, the following procedure
was employed.

Table 1 shows the main finding of the statistical test
highlighting the presence of detectable differences in the
bioburden quality between different lines of the distribution
system. This finding is in line with the previous outcome of
the column statistics that described the nature of data
dispersion. Detailed examination of the sources of
significant variability could be projected from Figures 6 and
7 which drew the mean rank difference for significant and
non-significant pairwise comparisons, respectively.

Figure 6 shows the mean rank difference for various pairs of
municipal water distribution segments, indicating the
relative performance or condition of these segments in terms
of microbiological density. Significant differences are
marked with “Yes” in the Significance column and indicate
that the segments have different levels of microbial
contamination. Non-significant differences are not marked
and indicate that the segments have similar levels of
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microbial contamination, with no clear advantage for either
segment. Figure 7 shows the individual value plot of the
mean difference in rank for the microbiological count of
different water distribution system segments. The x-axis
represents the Dunn’s multiple comparisons test, which is a
statistical method to compare the means of multiple groups
after a non-parametric analysis of variance (ANOVA). The
y-axis represents the mean difference in rank, which is the
difference between the average ranks of two groups in a
non-parametric test. The blue dots represent the individual
value points of the mean difference in rank for each pair of
water distribution system segments. The horizontal line at
y=0 indicates no difference in rank between the two groups
being compared.

The dot plot reveals variations in microbiological density
across different segments of a municipal water distribution
system. Some segments have consistently higher ranks
(worse conditions) than other segments. This suggests that
these segments may have different sources, pathways, or
factors affecting their microbial quality. A few use points
were the reason behind this significance since they
contributed to unusually high microbial density in water
samples. This could be illustrated in Figure 8 where the
count of the main effectors in the municipal distribution
system is small in relation to the other stable and low
bioburden water lines. With reference to Figure 5, the
points of discrepancy could be identified between the two
distinct groups. Figure 9 shows two important criteria:

e The ranking of the microbiological sampling output
results for each distribution port demonstrates the
range, spreading and scatter of the data points.

e Histogram showing the similarity in the microbial
count distribution shape and spreading that could be
observed with the most points.

Table 1. The output of non-parametric multiple
comparisons Kruskal-Wallis test for municipal water
distribution system

Results of the

¥
Table Analyzed distribution line data

Kruskal-Wallis test

p-value

Exact or approximate p-value?
p-value summary

< 0.0001
Approximate®

*kk*k

Do the medians vary signif. (p<0.05) Yes®
Number of groups 19
Kruskal-Wallis statistic 80.72
Data summary

Number of treatments (columns) 19
Number of values (total) 214

*Reported at 95% Confidence Interval (CI)

€Asymptotic p-value

SIf the p-value is small, the hypothesis that the difference is
due to random sampling can be rejected, and one can instead
conclude that the populations have different distributions.
***%A tiny p-value where p<0.0001



Histogram of Bioburden: The upper graph shows the
frequency of microbial counts across different distribution
ports. Each bar represents the number of samples that fall
within a certain range of microbial counts. The histogram
helps to visualize the distribution and variation of microbial
counts across different ports, and to compare the relative
levels of contamination among them. Kruskal-Wallis Test
Ranks: The lower graph shows the ranks of the
microbiological data for each examined use point, based on
the Kruskal-Wallis test. This is a non-parametric statistical
test that compares the medians of multiple groups of data.
The test assigns a rank to each data point, from the lowest to
the highest value, and then calculates the average rank for
each group. The lower the average rank, the lower the
median of the group. The graph plots the average ranks for
each distribution port, using different symbols. The graph
helps to identify which ports have significantly higher or
lower microbial counts than others, and to test the null
hypothesis that all ports have the same median.

3.6. Non-parametric correlation matrix for the points
of use of municipal water system

The apparent shape of the distribution in the histograms of
Figure 8 showed truncated spreading of the microbial count
data. Generally, the datasets do not follow a normal
distribution. Hence, surveying the correlation between use
points under examination was conducted using a non-
parametric Spearman matrix. Table 2 shows the detailed output
of the calculated two-tailed correlation coefficient (r) and the
corresponding p-values with the strength of the association
indicated and marked with visual color for ease of scanning and
spotting of the significant correlation. The lowest negative but
strong correlation was found between GO7 and G3B. The
correlation data of these points appeared to be highly
associated. Section G3B appeared to be highly determined by
G02 and PCW. On the other hand, SK1 and ST2 fields
appeared to be highly correlated. Similarly, G02 with G33,
MIQ with GO7, G52 with G68, RNT with G18, ST2 with G52,
MIQ with G3B and G19, G52 and G18 with LER and G68
with G71 correlation data were found to be highly linked
together. A very strong positive correlation existed between
G52 and ST2 in the bioburden data and was sufficiently strong
with SK1. A strong correlation appeared between G71 and G68
but they do not share this strength level with other points.

4, Discussion

Water is one of the most essential resources on the planet, and
its quality is crucial for human health and well-being
(Bruyninckx, 2018). Municipal water distribution systems
play a vital role in ensuring that people have access to safe
and clean drinking water (Dinka, 2018). However, these
systems can be vulnerable to microbiological contamination,
which can pose serious health risks to the public (Vacs
Renwick et al., 2019). That's why it's crucial to conduct
regular assessments of the microbiological stability of water
distribution systems (Liu et al., 2018). Descriptive statistical
analysis is an important tool that can help experts to interpret
and analyze the data collected from these assessments (Noiva
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et al., 2016). In the following sections, we'll explore the
importance of descriptive statistical analysis in assessing the
microbiological stability of municipal water distribution
systems and how it can be used to identify potential risks and
improve the quality of drinking water. The biological stability
of municipal water is of prime importance for public health
use (Pruden, 2014). Thus, safety must be ensured for human
use (WHO, 2011). One of the important criteria that should
be monitored and evaluated is the microbiological content of
the water. The bioburden level should be ensured to be within
the permissible limit from the departure from the station until
reaching the consumers (Health Canada, 2021). The
microbiological efficacy of the distribution system could be
examined through the magnitude of the bioburden density
and the stability of the microbial enumeration over a specific
time and from one segment to another.

4.1. Water microbial density and time factor

The provided information makes a compelling case for the
seasonal variation in microbial count and its implications
for public health. The use of the Pareto principle in Figure
1 highlights the significant impact of certain seasons and
months on bioburden, indicating the need for targeted
interventions. The reference to Edam and Abdelgalil
(2022) underscores the empirical basis of the findings,
adding credibility to the assertion that autumn contributes
significantly to the total bioburden. Moreover, the
combination of autumn and spring bioburden accounting
for over 80% of the total microbial count emphasizes the
concentrated impact of specific seasons on water quality.

Edam and Abdelgalil (2022) is a recent study that
investigated the seasonal variation of microbial community,
potential opportunistic pathogens and antibiotic resistance
genes in a novel underground reservoir of an island. The
study found that the microbial community and function
showed significant seasonal changes, with autumn having
the highest diversity and abundance of microbes. The article
summarized the current knowledge on the microbial
ecology of water and its relation to public health. The
researchers discussed the factors that influence the
microbial composition and dynamics of water, such as
temperature, nutrient availability, hydrological conditions,
and human activities. The paper also highlighted the
potential risks of waterborne pathogens and the need for
effective monitoring and management of water quality.

The detailed breakdown by month further strengthens the
argument, demonstrating the disproportionate contribution
of certain months to the overall bioburden. The reference to
Figueras and Borrego (2010) supports the significance of
seasonal impact on water quality, emphasizing the need for
tailored sanitization and disinfection strategies to manage
bioburden levels effectively. In conclusion, the evidence
presented suggests that seasonal variations have a
substantial impact on the biological quality of city water,
necessitating careful consideration and targeted action by
public health authorities to maintain control over water
quality and safeguard public health.
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Figure 6. The outcome of the mean rank difference from the statistically significantly different segments of the water
distribution system in the microbiological density
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Figure 9. Histogram for distribution visualization (upper graph) and Kruskal-Wallis test showing the ranks of

microbiological data for each examined use point (lower graph)
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Table 2. Non-parametric Spearman correlation matrix showing two-tailed correlation coefficient (r) and p-values
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4.2. Microbiological fluctuations and outliers over
study period for the examined point-of-use

The results in the corresponding result section provided
highlights the significance of microbiological fluctuations
and outliers at various water use ports, as well as the use
of the Coefficient of Variation (CV) to assess the
variability and precision of microbiological counts in a
water line. The reference to Insee (2016) adds credibility
to the explanation of the CV as a statistical measure that
relates the standard deviation of a set of values to its mean.
Furthermore, the reference to Hayes (2022) supports the
assertion that the CV is used to compare the degree of
variability between distinct sets of microbiological counts,
reinforcing the importance of this statistical measure in the
context of water quality assessment.

Additionally, the reference to Jelliffe et al. (2015)
underscores the utility of the CV in assessing the precision
of estimates, further emphasizing its relevance in
evaluating water quality. The explanation of how a lower
CV indicates a more precise estimation of water quality at
certain ports, while a higher CV suggests greater
uncertainty or variability, provides a clear understanding
of the implications of the CV in this context. The
discussion of fluctuation in the coefficient of variation as a
useful statistical tool for assessing variability and precision
in water distribution system datasets is supported by the
references and adds depth to the analysis. Finally, the
information  provided offers a comprehensive
understanding of the significance of microbiological
fluctuations and outliers at water use ports, as well as the
use of the CV as a statistical measure to assess variability
and precision in water quality assessment.

4.3. Descriptive statistical distribution of the data
related to microbiology

The establishment of an early warning alarm using a cut-
off threshold for microbiological counts in city water
distribution lines is a critical measure for safeguarding
public health. The reference to Eissa et al. (2015) supports
the rationale for setting a warning limit for microbiological
counts below the action threshold, emphasizing the
importance of this early warning system in monitoring
water quality. Furthermore, the use of the non-parametric
t-test analog test to identify lines with a higher potential of
bioburden density, as mentioned in the context of
GraphPad Software, LLC (2023), adds credibility to the
methodology used in this study. This statistical approach
is crucial for identifying segments of the distribution
system that exhibit aberrant microbial density, providing a
basis for establishing the early warning alarm.

The discussion of distribution segments that showed actual
medians statistically not significantly different from the
reference value at a=0.05, such as use ports G68, G71, and
G3A, as well as the indication of discrepancy values and
two-tailed p-values, as shown in Figure 4, demonstrates the
rigorous statistical analysis employed in identifying the
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sources of microbial density aberrancy. The reference to
the remaining points of use being far below the alarming
limit and statistically different from it further reinforces the
effectiveness of the early warning alarm system in
distinguishing  between acceptable and aberrant
microbiological counts. In summary, the information
provided offers a comprehensive understanding of the
rationale and statistical methodology behind the
establishment of an early warning alarm using a cut-off
threshold for microbiological counts in city water
distribution lines.

4.4. Comparing microbiological record data from
under investigation points of use pairwise

The significance of variations between different municipal
water distribution segments can be investigated through
non-parametric multiple comparisons using the Kruskal-
Wallis test, as indicated by Eissa (2016b). This statistical
approach is crucial in the medical and public health context
for understanding and addressing variations in bioburden
quality across different lines of the distribution system.
The reference to Table 1, which highlights the main
findings of the statistical test, provides empirical evidence
of detectable differences in bioburden quality between
different lines of the distribution system, underscoring the
importance of investigating these variations.

Furthermore, the detailed examination of the sources of
significant variability projected from Figures 6 and 7,
which depict the mean rank difference for significant and
non-significant pairwise comparisons, respectively, offers
a comprehensive understanding of the nature and extent of
the variations in bioburden quality. The identification of a
few use points as the reason behind the significance of
these variations, due to their contribution to unusually high
microbial density in water samples, is a critical insight that
can inform targeted interventions to address the sources of
contamination. The main effectors contributing to
unusually high microbial density in water samples are the
factors marked with significance levels (*, **, ***), which
indicate that there are statistically significant differences in
the mean rank of the bacterial counts among the different
use points. These factors could include contamination
sources, environmental conditions, or human activities
affecting water quality. For example, some of the possible
factors are: type of water source, implemented treatment,
location of the site, population growth, lack of protection,
agriculture, urbanization/sanitation, and flooding threats.

These factors affect the overall water quality by
introducing or promoting the growth of pathogenic or
opportunistic microorganisms, such as Escherichia coli,
Legionella, Pseudomonas, etc., which can pose health risks
to humans and animals. Moreover, these factors can also
alter the physicochemical properties of water, such as pH,
turbidity, dissolved oxygen, etc., which can affect the taste,
odor, color, and clarity of water.



The reference to Figure 8, which illustrates the count of the
main effectors in the municipal distribution system in
relation to other stable and low bioburden water lines,
further supports the identification of key points of
discrepancy and their impact on overall bioburden quality.
Additionally, the reference to Figure 5, which identifies
points of discrepancy between two distinct groups, and
Figure 9, which provides criteria for ranking the
microbiological sampling output results and demonstrates
the range, spreading, and scatter of the data points, offers
valuable insights into the distribution and shape of
microbial count data. In summary, the information
provided offers a comprehensive understanding of the
significance of variations in bioburden quality in
municipal water distribution segments and the importance
of employing non-parametric statistical tests and
visualizations to investigate and address these variations
from a medical and public health perspective.

4.5. Non-parametric correlation matrix for the
municipal water system's points of use

The significance of variations between different municipal
water distribution segments could be investigated through
non-parametric multiple comparisons Kruskal-Wallis test
(Eissa, 2016b). The apparent shape of the distribution in
the histograms of Figure 8, showing truncated spreading of
the microbial count data, is a crucial observation from a
public health and medical perspective. This observation
suggests that the datasets do not follow a normal
distribution, highlighting the non-normal nature of the
microbial count data. The surveying of the correlation
between use points under examination using a non-
parametric Spearman matrix, as conducted by Eissa and
Rashed (2022), is a significant approach in understanding
the relationships and associations within the microbial
count data. The detailed output presented in Table 2, which
includes the calculated two-tailed correlation coefficient
(r) and the corresponding p-values, provides valuable
insights into the strength of the associations and
correlations among the use points.

The identification of the lowest negative but strong
correlation between G07 and G3B, along with the visual
color marking for ease of scanning and spotting of the
significant correlation, underscores the importance of
understanding the interrelationships between different use
points in the distribution system. The specific correlations
identified, such as the strong associations between G02
and PCW, SK1 and ST2, G52 and G68, and others, offer
valuable insights into the interconnectedness of the use
points and their impact on the bioburden data. The
presence of very strong positive correlations between G52
and ST2, as well as strong correlations between G71 and
G68, further highlights the complex interdependencies
within the bioburden data, providing critical information
for public health and medical interventions. In summary,
the findings from the non-parametric Spearman matrix
analysis provide valuable insights into the correlations and
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associations between use points in the distribution system,
offering a comprehensive understanding of the
relationships within the microbial count data from a public
health and medical perspective.

The significance of variations between different municipal
water distribution segments can be investigated through
non-parametric multiple tests. This statistical approach is
crucial in the medical and public health context for
understanding and addressing variations in microbial
quality across different lines of the distribution system.
The presence of very strong positive correlations between
few points within the municipal network system, highlight
the complex interdependencies within the bioburden data
and provide critical information for public health and
medical interventions. The identification of a few use
points as the reason behind the significance of these
variations, due to their contribution to unusually high
microbial density in water samples, is a critical insight that
can inform targeted interventions to address the sources of
contamination. Finally, the non-parametric statistical tests
reveal significant variations in bioburden quality between
different use points and lines of the distribution system,
which have important implications for water quality
monitoring and public health protection strategy.

5. Conclusion

The biological stability of the municipal distribution
systems is an important aspect to attain and maintain.
Monitoring and controlling the microbiological quality
throughout the distribution lines is vital until reaching the
final consumers. Only six points from the 19 water-use
ports showed more than 65% of the total bioburden
recovered from this study with one line alone
demonstrating an average of 16%. The study is limited by
the amount of data available at the early stages of the
infrastructure examination. More results are required to be
gathered to construct control charts that might show the
behavior of the inspection characteristics under
investigation. However, the municipal system showed at
the initial examination that control measures must be put
in place to improve the microbiological stability despite
the fact of presence of low microbial count within some
sections in the system yet the fluctuations and variabilities
were considerably high. Correlating obtained results with
layout infrastructure should be addressed in other separate
investigations using engineering design to correct for
structure-related issues. Future research could build upon
the findings of this study by expanding the scope and
frequency of data collection, as well as exploring the
factors that influence the biological stability of the
municipal distribution systems.

Future research can refine our understanding of bioburden
variations in water distribution systems. Collecting more
samples from diverse water use points over extended
periods would allow for more accurate control charts and
trend identification. Examining the connections between
biological instability and water source, treatment, pipe



materials, and flow rates could shed light on root causes.
Finally, experimenting with interventions like treatment
modifications, pipe cleaning, or biostatic agents would
help determine the most effective strategies for reducing
bioburden and ensuring consistent water quality.

Maintaining the biological stability of municipal water
distribution systems is crucial for public health. Our study
highlights that only six out of 19 water-use ports contribute
significantly to the total bioburden, warranting immediate
control measures. While data limitations exist, this work
lays the groundwork for future investigations, emphasizing
the need for control charts and correlation studies with
infrastructure design. The inconclusive correlation matrix
suggests potential design-related defects, prompting
further exploration using logarithmic transformations.
Recommendations include investigating the impact of
source feed water and advocating for regular monitoring
programs nationwide. The presented statistical analysis by
public health authorities remains pivotal for ongoing
assessments and enhancements in water safety protocols.
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Abstract

Growth in fish is characterized by length and weight and studies that encompassing relationships among the fish length and
weigh with some morphometric traits provide crucial information in the field of fish biology. High correlations (or
multicollinearity) among the morphometric traits in fish morphology studies is a well-known phenomenon. If the relationship
between growth and morphometry is modeled using the ordinary least squares estimator (OLS), the parameter estimates are
likely to be too large in absolute value and possibly have the wrong sign due to the problem of multicollinearity. The ridge
regression (RR) estimator has been proposed to avoid the adverse effects of multicollinearity among the regressors. In this
study, therefore, multiple linear RR was used to model relationship fish length and fish weight to some predictive metric
traits. Predictive traits were predorsal length, head length, post dorsal length, head height, and eye diameter. Data were derived
from a total of 126 Capoeta damascina individuals sampled from the Euphrates, Tirkiye. The ridge optimal k-parameter,
producing acceptable variance influence factor (VIF<10), was determined as 0.021 for both of growth indices considering a
combination of ridge trace and VIF trace plots and MSE and VIF values produced from an array of k values (0.0< k<1.00).
Although, small decreases were observed in the adjusted R-square values (ARS) obtained by RR compared to the ARS values
obtained by OLS, a significant decrease in VIF values outweighs this drawback, indicating that the models are more stable.
The methodological approach and findings in this study may contribute to filling a gap in the literature regarding the
relationships between fish growth and morphology. Additionally, it could enhance better growth predictions for different fish
species, aiding sustainable fisheries management and the selective cultivation of desired fish traits in aquaculture by
improving the understanding of morphometric features.
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1. Introduction

Fish morphometric traits are quantifiable characteristics
related to the shape, size, and proportions of fish bodies.
Morphometric studies encompassing these relationships
provide crucial information in the field of fish biology,
including species growth, feeding behavior, ecological
strategies, niche partitioning, habitat utilization, and
trophic structure. For instance, examining the linear
relationships between total length, body height, and width
reveals growth patterns, the height of the caudal peduncle
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influences swimming efficiency and overall fitness, while
pectoral fin length and eye diameter reflect adaptations
related to habitat, feeding, and locomotion. These
morphometric analyses contribute significantly to our
understanding of fish diversity and ecological dynamics
(Clabaut et al., 2007; Mojekwu & Anumudu, 2015;
Keppeler et al., 2020; Pino et al., 2021). In addition to
these, morphometric features can also be used in
aquaculture to distinguish between fish escaped from the
rearing environment and wild fish (Arechavala-Lopez et
al., 2012; Lenhardt et al., 2012).
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Morphometric characteristics are taken into account in
stock discrimination studies in fisheries science using
multivariate statistical methods such as Principal
Component Analysis, Cluster Analysis, and Linear
Discriminant Analysis (Winans, 1987; Turan, 1999;
Mojekwu & Anumudu, 2015). But, due to allometric
growth that is an inherent characteristic of fishes which is
a common problem with morphometric data is that all
measurements are highly correlated with length, the
morphometric traits are required to be transformed before
analysis in stock discriminant studies. This high
correlation between morphometric features is called
multicollinearity. Due to this situation, the simple linear
regression method is generally used to evaluate the
relationships between fish growth and morphometric
characteristics, except for stock discrimination studies
(Kyritsi & Moutopoulos, 2018; Orbach et al., 2019; Yazici
& Yazicioglu, 2020).

In cases where there is multicollinearity; (i) The values of
parameters estimated by the Ordinary Least Squares (OLS)
method may differ significantly from their actual values,
(ii) Regression coefficients are uncertain and the standard
errors of these coefficients are infinite, (iii) Variance and
covariances of the regression coefficients are tend to
increase, (iv) R-square value of the model is high,
However, none or very few of the independent variables
may be significant according to the partial t-test, and (v)
The direction of the relationships of the relevant
independent variables with the dependent variable may
contradict theoretical and experimental expectations.
Although there are statistical approaches such as principal
component analysis (PCA) and removing the variable
having VIF higher than 10 are used to overcome this
problem, the use of these approaches may lead to
information loss. Another approach to overcome this
problem is to use ridge regression. Ridge regression is a
statistical method used to estimate coefficients in multiple
regression models when independent variables are highly
correlated without removing any variables from model
(Albayrak, 2005; Karakas, 2008; McDonald, 2009;
Biiyiikuysal & Oz, 2016; Nandi & Saikia, 2015; Ozkale &
Altuner, 2021).

Although ridge regression has been used for different
purposes in fish related studies (Rikardsen & Johansen,
2003; Okamura et al., 2017; Niu et al.,2019; Martins et al.,
2021; Liyandja et al., 2022; Gao et al., 2024), it seems that
it has not been used to describe the relationship between
fish morphology and fish growth to date. In essence, the
fish material used in this study were considered for
example purposes only to illustrate why and how ridge
regression is used in modeling the relationship between
fish growth and morphometry. Therefore, the main
purpose of this study is to fill a gap in the literature on this
subject by holistically estimating the relationship between
total fish length and total weight characteristics and a
group of morphometric features using the ridge regression
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method. Moreover, the methodological approach in the
study can contribute to (i) sustainable fisheries
management by making better growth predictions for
different fish species and (ii) a better understanding.

2. Material and Methods
2.1. Fish material

The morphological features used in this study was belong
to the Capoeta damascina species. The specimen
measured in this study were provided from a research
project that was supported by the Adiyaman University
Scientific Research Projects (BAP) Coordination Unit,
Project No. 2012/001, and was carried out with the legal
consent of the Ministry of Food, Agriculture, and
Livestock, General Directorate of Fisheries and
Aguaculture (permission date 05.04.2012; permission
number: 01515). The C. damascina species group occurs
in the entire Levant, Mesopotamia, the Orontes, Iran, and
the southern and eastern parts of Tiirkiye (Alp et al., 2005;
Alp et al., 2013; Asadollah et al., 2017). A total of 126 C.
damascina specimens caught from the Adiyaman region
(in the middle Euphrates Basin) of Tiirkiye between April
2012 and December 2013 were caught in streams by using
electroshock devices. Then, all length related
measurements (mm) were made with a digital caliper with
aprecision of 0.01 mm, and the weight measurements were
made with a digital scale with a precision of 0.01 g. Since
this study was based on a modeling methodology
approach, there was no need to provide further information
about the fish and the area where they were sampled.

2.2. Metric traits

In the study total lenght (TL), total weight (TW), body
height (BH), predorsal length (PR), head length (HL), post
dorsal length (PD), head height (HH) and eye diameter
(ED) metric features were taken into consideration.

2.3. Statistical framework
2.3.1. The general framework of the study

In the study total lenght (TL), total weight (TW), body
height (BH), predorsal length (PR), head length (HL), post
dorsal length (PD), head height (HH) and eye diameter
(ED) metric features were taken into consideration.

Irrespective of used domain, the biggest debate with the
ridge estimator is the selection of the regularization
parameter (k). Therefore, the proposed general framework
of the study was given below in hierarchical format:

a. Calculation of some descriptive statistics of all
variables

b. Calculation and visualization of the correlation matrix
between variables: It will give us a preliminary idea
about whether there is a multicollinearity problem.

¢. Calculation of VIF values for predictor variables based
on Ordinary Least Square (OLS): If there is a doubt
determined in step “b”, VIF values, which are



indicative of multicollinearity, are calculated for each
predictor variable. The presence of variables with VIF
equal and greater than 10 quantitatively indicates the
presence of multicollinearity.

d. To have an idea about the approximate optimum k-
parameter visually using graphical methods (VIF Trace
and Ridge Trace Plot) for a range of the Ridge k
parameter.

e. Calculate the models' minimum Mean Square Error
(MSE), minimum generalized cross-validation (GCV)
and adjusted R-squared values for a range of Ridge k
parameters.

f. Calculate the VIF values of the predictor variables for
a range of the ridge k-parameter.

g. Deciding on the optimum ridge k value by considering
the smallest MSE, adj-R-square and VIF values in a
balanced manner.

2.3.2. Models

In this study TL and TW were considered dependent and
other metric traits were considered independent (regressor)
variables. Regardless relationship between dependent and
independent variables, to simplify the modelling
dependent variables were modelled with multiple linear
regression approach as following:

TW = a+ By PR + B,PD + BsHH + B,BH + BsHL + BsED + ¢

where, a, 8, and ¢ are intercept, regression coefficients, and
error term, respectively.

2.3.3. Multicollinearity and variance inflation factor
(VIF)

In regression analysis, some assumptions are taken into
account when estimating the parameters that show the
relationship  between dependent and independent
variables. In order to determine the relationship between
variables with multiple regression analysis, the
assumptions of the multiple linear regression model must
be met. However, the assumptions of the multiple
regression model are not valid in the analysis of every
event. The assumptions in question are the assumptions
about the error vector and the independent variable matrix.
One of these assumptions that ensures that the standard
errors of the estimates are smallest and therefore the
parameter estimates are effective is that there is no
relationship between the independent variables. This is
called multicollinearity. As can be seen from the graphs
above (Figure 1 and Figure 2), the existence of high
correlations between the predictor variables is a sign of this
situation. If there is a perfect correlation between the
explanatory variables, that is, if the correlation coefficient
for these variables is equal to 1, the parameters become
undeterminable. It becomes impossible to find separate
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numerical values for each parameter, and in this case the
least squares method cannot be used. On the other hand, if
there is no correlation between the explanatory variables,
that is, if the correlation coefficient for these variables is
equal to 0, they are called orthogonal variables and do not
pose a problem in estimating the coefficients.
Multicollinearity may occur for various reasons (Katz,
2006; Adeboye et al., 2014; Daoud, 2017). However,
considering the current study, the main reason for
multicollinearity is that the variables of interest tend to
change together over time.

One of the approaches used to detect multicollinearity is
the variance inflation factor (VIF). The variance inflation
factor is calculated to determine the degree of relationship
of an independent variable with other independent
variables. If there is no relationship between the dependent
variable and the independent variables (R-square=0), the
variance inflation factor is equal to 1 (1/(1- R-
square)=1/(1-0)=1). If there is a perfect relationship
between the dependent and independent variables (R-
square=1), the variance inflation factor [VIF=1/(1- R-
square)=1/(1-1)] will be infinite. If R-square=90%, the
variance inflation factor is obtained as 10 [VIF=1/(1-
0.90)=10]. In general, the following general rule applies
for interpretation: if the variance inflation factor is equal to
or greater than 10 (VIF>10), there is a multicollinearity
problem (Thompson et al., 2017; Oke et al., 2019). In case
of collinearity, it is necessary to eliminate it in order to
reduce the standard error of coefficient estimates that
determine the relationship between dependent and
independent variables and to make more consistent
estimates. One of the methods used in case of
multicollinearity is Ridge regression.

2.3.4. Ridge regression

The solution technique of ridge regression (RR) is similar
to the ordinary least squares (OLS) method. The RR
method, is performed by adding a small and positive
constant to the diagonal elements of the (X"X) matrix
formed by the variables in standard form before calculating
the regression coefficient estimates. Accordingly, the ridge
regression solution is as follows;

Brr = (XTX + kD)~1XTY

In the formula “I” and “k” represent the identity matrix and
the ridge parameter, respectively. The difference of the RR
method from OLS is the presence of the k-ridge parameter.
Since the ridge solution for k=0 is equivalent to the OLS
solution, the ridge estimate can also be expressed as a
linear transformation of the least squares estimate. In the
RR method, the steps followed in the least squares method
are repeated more than once. Among the parameter
estimates calculated for each k that has a value between 0
and 1, those that meet the sought criterion are determined.

One of the main obstacles in using RR is in choosing an
appropriate value of k. The inventors of RR suggested



using a graphic which they called the ridge trace. This plot
shows the RR coefficients as a function of k. When
viewing the ridge trace, the analyst picks a value for k for
which the regression coefficients have stabilized. Often,
the regression coefficients will vary widely for small
values of k and then stabilize. Choose the smallest value of
k possible (which introduces the smallest bias) after which
the regression coefficients seem to remain constant. Note
that increasing k will eventually drive the regression
coefficients to zero.

2.4. Analysis tools

In the study, the packages “Imridge” (Ullah et al., 2018),
“psych” (Revelle & Revelle, 2015), and “rattle” (Williams,
2011) in the R program were used.

Imridge contains functions related to fitting of the RR
model and provides a simple way of obtaining the
estimates of RR coefficients, testing of the ridge
coefficients, and computation of different ridge related
statistics, which prove helpful for selection of optimal
biasing parameter k. The four arguments of Imridge()
function are described in Table 2 (Ullah et al., 2018). The
syntax of default function is,

Imridge (formula, data, scaling =

("sc","scaled","centered™),k,...)

Table 1. Description of Imridge() function arguments

Argument Description

Formula  Symbolic representation for RR model of the
form, response ~ predictors.

Contains the variables that have to be used in
RR model.

k The biasing parameter, may be a scalar or
vector. If a k value is not provided, k=0 will be
used as the default value, i.e., the OLS results
will be produced.

The methods for scaling the predictors. The sc
option uses the default scaling of the predictors
in correlation form; the scaled option
standardizes the predictors having zero mean
and unit variance; and the centered option
centers the predictors.

Data

Scalling

There are many scientific approaches to choosing the
correct ridge parameter. The ultimate choice of k for a
particular application involving linear explanatory
variables still remains part art, part science (Forrester &
Kalivas, 2004; Khalaf & Shukur, 2005; McDonald, 2009;
Mami et al., 2021). In this study, in deciding on the k
parameter, a series of k parameter (0.0<k<1.0) was
considered into iterative manner in each of steps described
under general framework of the study.

3. Results

3.1. Descriptive statistics and correlations
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Some statistics (mean, standard deviation, coefficient of
variation) of the metric features taken into account in the
research are given in Table 1. Cross-correlations between
variables, histogram distributions of the variables, and
Correlation dendrogram are given in Figure 1 and Figure
2, respectively. In terms of variability (measured by Cv,
%), TW had the highest (84.09%) as a nature of weight,
others somehow were similar except ED (14.97%).

Table 2. Mean, standard deviation (Sd) and coefficient of
variation (CV, %) values of the variables

Metric trait Mean Sd CV, %
ED 6.13 0.92 14.97
BH 34.96 8.82 25.22
HH 21.70 6.10 28.12
HL 32.48 8.07 24.86
PD 54.38 16.15 29.71
PR 68.61 17.04 24.84
TL 171.16 45.04 26.32
T™W 58.58 49.26 84.09
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Figure 1. Cross correlations and linear relationships
between variables, and histogram distribution of each
variable
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Figure 2. Correlation dendrogram graphs of variables
(Total height (TL) on the left-hand side and total weight
(TW) on the right-hand side)

As can be seen in Figure 1 and Figure 2, there are quite
high correlations between the predictor variables (ED, BH,
HH, HL, PD, and PR), and between predictors and
dependent variables (TL and TW). High correlations
observed between independent variables indicate a



potential multicollinearity problem. However, since
simple correlation coefficients alone are not sufficient, it is
not possible to be sure of the existence of a
multicollinearity problem (Olmez & Yaganoglu, 2023).

3.2. Ordinary Least Square (OLS) results and VIF
values

Ridge solution for k=0 is equivalent to the ordinary least
squares solution (OLS). In case k=0 for TL, the RR
analysis resulted that adj-R-squared=0.984,
MSE=8626.853, and regression coefficients of PR, PD,
BH, and HL were significant (p<0.05), whereas HH and
ED were not (p>0.05). For TW, adj-R-squared=0.886,
MSE=127826.47, and only regression coefficients of BH
and ED were significant (p<0.05), in contrast other
predictors were not (p>0.05) (Figure 3, Figure 4).

oMW
‘1 otk

0.98540

Figure 3. Regression summary and VIF values of RR for
k=0 that equals to results of ordinary least squares for TL
relation to predictors

Figure 4. Regression summary and VIF values of RR for
k=0 that equals to results of ordinary least squares for TW
relation to predictors

VIF values of predictor variables of both TL and TW based
on ordinary least squares (OLS) were calculated as;
PR=60.84, PD=36.22, HH=46.02, BH=14.97, HL=50.27,
and ED=4.50. As suspected above from correlation results,
VIF values clearly show that there was multicollinearity
among the predictor variables for both of TL and TW
(Figure 3 and Figure 4).

3.3. Searching for optimal “k” value
3.3.1. Graphical Searching

In graphical searching, the ridge trace plots and VIF trace
plot for a range of k parameter (0.0<k<1.0) for TL and TW
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estimations were given in Figure 5, respectively. Ridge
Trace Plot shows the effect of different k-ridge values on
the regression coefficient of each predictor variable for
dependent variable (TL and TW). VIF Trace plot shows
the effect of different k-ridge values on the VIF values of
each predictor variable for the dependent variable (TL and
TW). As can be seen from the “Ridge Trace Plot” graphs
for TL and TW, as the k values increase, the “Ridge” beta
coefficients get closer to each other. On the graph, it is
reported that the smallest MSE (7131.745) value for TL
was reached at k=0.003. For TW, the lowest MSE value
(59893.122) was reached at k=0.016.

VIF Trace plot shows the decrease in VIF values of
predictor variables despite increasing k values according to
generalized cross-validation or GCV criterion (Golub et
al., 1979). The minimum GCV value for TL was reached
at k=0.003, and the minimum GCV value for TW was
reached at k=0.018.
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Figure 5. Ridge trace plots {TL-(A), TW-(B)} and VIF
trace plot {TL-(C), TW-(D)} for a range of k parameter
(0.0<k<1.0) for TL and TW estimations

3.3.2. Searching of the best k by minimum MSE

According to the minimum MSE approach, the ridge k
value that produces the least MSE value (7131.745) for TL
prediction is 0.003 and the adj-R-square value of the model
is 0.9825 (Figure 6), while for TW prediction these values
are found to be 59893.12, 0.016 and 0.8722, respectively
(Figure 7).
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Ridge Regression Statistics 1:

Variance Bias"2

MSE F R2

by different k values for TL estimation

Ridge Regression Statistics 1:

Variance
127826.4729
112516.8563

2 100153.0506

=0.023 25875.4768 36209.5461 6€2085.02 16€7.3817 0.872€ 0.867

Figure 7. MSE, adj-R-square and other statistics produced
by different k values for TW estimation

3.3.3. Searching of the best k by acceptable VIF

Figure 8 gives the VIF values of each estimator variable
for different k-ridge parameter values for TL and TW
modelling. In contrast to the k values increased, VIF values
were values decreased. The first k value where the VIF
values of the predictor variables were all calculated below
10 was found to be 0.021.

3.3.4. Final decision on the optimum k parameter

So far, to decide the optimum k parameter, we have used
the graphical method, calculating MSE, VIF and R-
squared values. In graphical methods, we considered
Ridge Trace Plot and VIF Trace Plot. In the Ridge Trace
Plot, the k value that produces the lowest MSE is also given
on the graph. For TL, k=0.003 and MSE=7131.745, for
TW, k=0.016 and MSE=59893.122 values were produced.
In VIF Trace Plot, the k value that produces the minimum
GCV value is also given on the graph. While the k value
that produced the lowest GCV for TL (0.325) was 0.003,
the k value that produced the minimum GCV for TW
(4.757) was found to be 0.018.
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Figure 8. Effect of different k-ridge values on the VIF
value of each estimator variable for the total length (TL)
and total weight (TW). Since VIF values decreased
significantly, no further evaluation on k values were
presented in the figure

When we searched for the minimum MSE values for
different k values one by one, it was seen that the k value
that produced the minimum MSE value was the same as
the Rigge Trace Plot for TL and TW predictions. However,
the first k value where each predictor variable in the model
met the condition of a VIF value less than 10 was found to
be k=0.021 for both predictions. In this case, it will be
necessary to choose between the values of k=0.003 and
k=0.0214 for TL and the values of k=0.016, k=0.018 and
k=0.0214 for TW.

Although the lowest MSE was obtained when k=0.003 was
selected for TL (7131.745), the VIF value of no predictor
variable, except for the ED predictor variable (4.29), did
not fall below the acceptable threshold value (VIF<10). On
the other hand, if k=0.021 is selected, the MSE will
increase slightly (17028.546) and the adj-R-square value
will decrease slightly (from 0.9825 to 0.9726), and the VIF
values of the predictor variables will be reduced to
acceptable limits (VIF<10) (Figure 9).

vif (mod
PR PD HH BH HL
k=0.003 38.82066 26.47946€ 33.31653 12.61041 34.30272 4.29006
k= 1 65547 8.70230 9.61059 6.90859 9.15929 3.51454

rstatsl (mod)

Ridge Regression Statistics 1:

Bias"2 MSE F R2
1038.493 7131.745 1386.757 0.9832
15032.194 17028.546

Variance

adj-R2
0.9825

CN
4031
6727

rsigma2
40.6705 42
8855 18

021 1996.352

K= 1315.134 0.9737 0.9726 42.

Figure 9. VIF (VIF) values and some statistics (rstats1)
for k={0.003, 0.021} values for TL estimation



If k=0.016 and k=0.018 are selected for TW, lower MSE
(59893.12 and 60047.47) and higher adj-R-square (0.8722
and 0.8708) values can be obtained. However, when
k=0.016, the VIF values of the PR, PD, HH and HL
predictor variables are greater than the acceptable
threshold value (VIF>10). On the other hand, if k=0.021 is
selected, although the MSE values are slightly high
(61053.00) and the adj-R-square (0.8688) value is slightly
low, the VIF values of the predictor variables drop to an
acceptable level (VIF<10) (Figure 10).

Figure 10. VIF (VIF) values and some statistics (rstatsl)
for k={0.016, 0.018, 0.021} values for TW estimation
Considering all the above findings, larger k values have the
potential to both bring the regression coefficients closer to
zero and produce lower adj-R-squared values. In addition,
lower k values have the potential to produce higher VIF
values and some potentially important predictor variables
to be insignificant. Therefore, it was decided to take the

optimum ridge k value as 0.021 for TL and TW
predictions.

3.4. Ridge regression analysis results

The ridge regression result for TL and TW estimates based
on k=0.021 value were given in Figure 11 and Figure 12,
respectively. When looking at the ridge regression results
in relation to TL, except for the HH and ED variables, the
coefficients for the other predictor variables were found to
be significant (p<0.05). The effects of predictor variables
on TL were determined as HL>PR>PD>BH, from largest
to smallest. The regression equation was estimated as
follows:

TL=-0.96 + 0.79PR + 0.70PD + 0.45BH + 1.67HL
(Adj-R-square= 0.9726)

F-test ( 4.0019 , 125.0206 ) = 4.210836e-101

P-value for

Figure 11. Results of Ridge regression in relation to TL
according to parameter k=0.021

According to the ridge regression results in relation to TW,
except for PD and ED variables, regression coefficients for
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other predictor variables were found to be significant
(p<0.05). The effects of predictor variables on TW were
determined as BH>HL>HH>PR from largest to smallest.
The regression equation for the relationship was estimated
as follows:

TW=-143.99+0.76PR+2.43HH+2.91BH+1.95HL
(Adj-R-square= 0.868)

Figure 12. Results of Ridge regression in relation to TW
according to parameter k=0.021

4. Discussion

For over three decades, ridge regression has proven to be a
valuable tool for applied statisticians and should be
routinely investigated in the context of collinear multiple
regression (McDonald, 2009). As a regularized regression
method, ridge regression reduces the chances of
overestimating coefficients, and makes predictive and
explanatory models more informative and interpretable,
especially for datasets with strong collinearity. The
parameter estimation also has less variance than that
generated by iterating variables and is therefore more
stable (Niu et al., 2019). Ridge regression adjusts the least
squares estimator by reducing the impact of
multicollinearity on parameter estimates. The resulting
equation consists of least squares and estimates that are not
biased but are also more stable; This is an important
stability for models to be used in prediction (Rikardsen &
Johansen, 2003). Sahin et al (2018) tried to estimate the
impact of some traits on the albumen index value that is
one of the interior egg quality traits using the Least Squares
(LS), Ridge Regression (RR) and Principal Components
Regression (PCR). Due to the multicollinearity between
independent variables, the standard errors and VIF values
of the partial regression coefficients in the LS method were
found to be quite high. They concluded that the use of RR
and PCR analysis methods could be more accurate instead
of the LS method under multicollinearity problem.

OLS (k=0 case) and RR (k=0.021) regression analysis results
for TL and TW predictions are given together in Figure 13
and Figure 14. When looking at the OLS and RR regression
results in Figure 13, it is seen that the regression coefficients
are different and the importance levels of the BH and PD
predictor variables in RR also increase. However, as expected
in RR (Olmez & Yaganoglu, 2023), there was a slight
decrease in the adj-R-square value (from 0.9848 to 0.97).



Coefficients: for Ridge parameter K= 0

01 ) = 3.530574e-11

Coefficients: for Ridge parameter K= 0.021

Estimate Estimate (Sc) StdErr (Sc) t-value (Sc
432 20 54 -14.3527
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Intercept

0836e-101

125.0206 ) = 4.21

Figure 13. OLS (k=0) and RR (k=0.021) regression
analysis results for TL prediction

When OLS and RR regression results for TW are
compared (Figure 14), it is seen that the regression
coefficients of the variables have changed. It was
determined that the significance level of the HL variable
increased in RR, and although the regression coefficient of
the ED variable was significant in OLS (p<0.05), it was
found to be insignificant in RR (p>0.05). As in the TL
estimation, the adj-R-square value decreases slightly when
TW is modeled with RR (from 0.87220 to 0.8685).

Coefficients: for Ridge parameter K= 0.021
Estimate Estimate (Sc)

Figure 14. OLS (k=0) and RR (k=0.021) regression
analysis results for TW prediction
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Among some measure on collinearity, it was pointed that the
VIF (individual measure) had a better performance on the
fitted model on the morphology of C. macropomum. Also,
the presence of collinearity indicates that a substantial part of
the information in one or more of these covariates is
redundant (Rivas Villegas et al., 2024). Therefore, the higher
adj-R-square values in OLS compared to RR could be
expected. As supported in our case, the relationships of both
TL and TW with the predictor variables, a small decrease was
observed in the adjusted R-square values obtained by ridge
estimation compared to the adjusted R-square values obtained
by the OLS estimation method. However, a significant
decrease in VIF values outweighs this drawback, indicating
that the models are more stable. In the study, estimates were
made using all fish caught, without distinguishing between
male and female individuals. In a purely ecological study, this
situation can be considered a limiting situation in terms of the
generalizability of the study results. However, this can be
ignored since the current study was not an ecological study
and the focus of the study was how ridge regression was used
methodologically in evaluating the fish morphology-growth
relationship.

5. Conclusion

Fish growth occurs in length and weight. Although it is
known that there is a relationship between morphometric
characteristics fish growth, modeling is limited to simple
linear regression due to the high level of multicollinearity
among predictive variables. One of the methods used in
cases of multicollinearity is the ridge regression method.
However, in this approach, determining the optimum ridge
regression parameter (penalization term, k or lambda) can
often be speculative and difficult. In the study, using
multiple linear models for total length (TL) and total
weight (TW) (Y = a + piXi+....+ BaXn + ¢), the holistic
effect of metric features on these two features was
estimated using ridge regression. Measurements of a total
of 126 Capoeta damascina individuals sampled from the
Euphrates River (around Adiyaman province, Tiirkiye)
were used as the data set. Predorsal length (PR), head
length (HL), post dorsal length (PD), head height (HH) and
eye diameter (ED) predictive metric features were
considered. The ridge optimum k-parameter, which
produces acceptable values (VIF<10) of the variance
inflation factor (VIF) of the predictor variables, which are
indicators of multicollinearity in the modeling, was
determined as k=0.021 in both models. With the Ridge
estimation method, in the relationship between total height
(TL) and predictive metric traits (TL= -0.96 + 0.79PR +
0.70PD + 0.45BH + 1.67HL), except for ED and HH,
other predictive variables were statistically significant
(p<0.05) (Adj-R-square=0.97). Except for eye diameter
and post dorsal length (PD), it was determined that the
effects of other metric traits on total weight were
significant (p<0.05), and the relationship between total
length and important predictive features was estimated as
TW= -143.99 + 0.76PR +2.43HH + 2.91BH + 1.95HL



(Adj-R-square=0.87). The methodological approach and
findings in this study may contribute to filling a gap in the
literature regarding the relationships between fish growth
and morphology. Additionally, it could enhance better
growth predictions for different fish species, aiding
sustainable fisheries management and the selective
cultivation of desired fish traits in aquaculture by
improving the understanding of morphometric features.
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Abstract

Breeders are turning to rapid breeding methods in order to respond to the increasing population for the breeding of the wheat
plant, which has a very important place in human nutrition. One of the biotechnological methods to shorten wheat breeding,
which takes 15-20 years with classical breeding methods, is double haploid. The aim of this study is to obtain double haploid
lines by taking wheat genotypes that have reached the F2 generation after hybridization into anther culture and thus shorten
the breeding period. When looking at the response to anther culture of the 15 different F2 combinations used in the study, F2-
7 and F2-10 genotypes stood out as the most successful genotypes. It was observed that 4 different groups were formed among
15 genotypes according to the success rate. It was concluded that the success of anther culture varies depending on the
genotypes used, the nutrient media and the suitability of laboratory conditions.

Keywords: Wheat, Double haploid, Speed breeding, F2 combination
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1. Introduction

Wheat, which meets a significant portion of people's daily
protein and calorie needs, is the most cultivated plant
species in the world and is the most important species that
meets the food needs in Turkey. (Kucukozdemir et al.,
2020; Kucukozdemir et al., 2021; Kucukozdemir et al.,
2023). As of 2022, the wheat cultivation area in our
country is approximately 6.6 million hectares, the
production amount is 19.7 million tons and the grain yield
per unit area is around 298 kg/da (TUIK, 2022; Dumlu,
2023). Wheat yield was 254 kg/da in 2009 (TUIK, 2010).
This increase is directly proportional to the registration of
high-yield varieties and their introduction into production.
As in other plants, the "double haplodization" method,
which is the method of obtaining 100% homozygous pure
lines in the shortest time by doubling the chromosome
numbers of haploid plants, is very important in wheat
breeding (Keles et al., 2015). Obtaining pure lines in the
classical breeding method requires long processes. Pure
lines can be obtained after 10-12 years in foreign
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pollinated plants and 6-7 years in self-pollinated plants.
This period can be reduced to 6-12 months with haploidy
methods (Salantur et al., 2011). However, one of the most
important bottlenecks in the double haploid method is
genotype selection and the unknown success rate of these
genotypes. This study was conducted using 15 different F2
genotypes to determine the suitability of these genotypes
for the double haploid method and to develop genotypes
with superior properties using the double haploid method.

2. Material and Methods

In the study, 15 different hybrid combinations were created
and cultured at the F2 stage. Hybrid information of these
combinations is given in Table 1.
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Table 1. Hybrid information of the F2 genotypes used in
the study

F2-1 | Unknown/Alparslan

F2-2 | Alacris /Alparslan

F2-3 | Genessi/Alparslan

F2-4 | Savalan/Grk//Pyn/Bau/3/Alparslan

F2-5 | Miifitbey/Alparslan

F2-6 | Unknown/PIk70//Frtl/3/Alparslan

F2-7 | Ayyildiz /Alparslan

F2-8 | Esperia/Alparslan

F2-9 | Dogu 88/Alparslan

F2-10 | Palanddken 97/Alparslan

F2-11 | Bezostaya/Alparslan

F2-12 | Unknown/Alparslan

F2-13 | Unknown/PIk70//Frtl/3/Alparslan*

F2-14 | Yugtina/Kauz/3/Agri/Bjy//Vee/4/Alparslan*

F2-15 F130-L-1-12/5/Lov26//Lfn/Sdy(Es84-
24)/3/Ser1/4/Ser1/6/F6038w12-1/7/Alparslan*

In the greenhouse, from each F2 combination; The pollen
found inside the anthers on the spikes of wheat genotypes
was taken from 30 spikes in the early-mid univalent
(single-nucleated) period (by examining the pollen under
binocular). The spikes taken from the greenhouse were
placed in a erlenmeyer flask containing water and covered

Table 2. Media and chemical components used in the study
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with a nylon bag. These spikes were kept at 4 °C for 14-15
days. After the preliminary cold application, the stems and
leaves of the spikes were cleaned, then they were placed in
an erlenenmayer containing 1/1 sterile water and 0.5%
sodium hypochlorite and shaken for 20 minutes in a way
that would not cause physical damage to the spikes. After
these procedures, the spikes were washed 3-4 times with
sterile water under a sterile cabinet. After the sterilization
process, the upper and lower spikelets on the spikes were
removed. 90 anthers from the middle spikelets were taken
with sterile forceps. Anthers were transferred to previously
prepared petri dishes containing MN6 liquid medium. In
this study, MN6 liquid medium was used for somatic
embryo formation (Chu & Hill, 1988). 90 anthers were
placed in each petri dish in 4 replicates. To prevent
contamination in the Petri dishes, the dishes were covered
with paraffin and left in a dark incubator at 29 °C for 40
days. The formed haploid embryos were transferred to
190-11 (Xingzhi & Han, 1984) medium for plant
regeneration. Developing plantlets were transferred to test
tubes containing 190-11 nutrient medium and rooting was
ensured. The media and chemical components used in the
experiment are given in Table 2. Rooted haploid plantlets
were transferred to pots. The roots of the plantlets that
developed roots in the pot were washed under water to
remove soil. Roots were treated with 0.5% Colchicine for
1 hour.

MN6 190-11 Cu

KNO3 1150 mg KNO3 100 Pyridoxine HCI 0,5
/INH4/2504 100 mg INH4/2S04 200 Nicotinik acid 0,5
Ca/ NO3/2 x 4 H20 100 mg Ca/ NOs/2x 4 H,O 100 Meso-inositol 100
MgS0O4 x 7 H20 125 mg KH2PO4 300 Sakkarose 309
KH2PO4 200 mg MgSO4x 7 H,0 200 NAA 0,5
KCI 35 mg KCI 40 Kinetin 0,5
Fe-Na-EDTA 5ml Fe-Na-EDTA 20 CuSQO4x 5 H,0 0,5
Thiamin-HCI 1ml MnSQO4x 4 H,0O 8 Gelrite 39
Maltose 80¢ ZnS04x 7 H20 3 pH 5,7
2,4-D 1,5mg H3BO: 3

Kinetin 0,5mg Kl 0,5

Ficoll 100 g Glycine 2

pH 5,8 Thiamin-HCI 1

Parameters examined in the study: Number of calluses
(NC) refers to the number of calluses formed from anthers
taken from each genotype in the study. Number of green
plants (NGP) refers to the number of green plants obtained
from calluses. Callus formation rate from anther (CFA) is
the percentage expression of the callus consisting of 90
anthers taken per petri dish. Double haploid index (DHI) is
the percentage expression of green plantlets obtained from
calluses. Success rate (SR) is the percentage expression of
the number of natural and colchicine-grown plants from
callus. (Salantur et al., 2011).
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The study was designed according to the randomized block
trial design with 4 replications. The results of the study
were made using the Jump 17 program for variation
analysis and were subjected to the LSD multiple
comparison test. Heatmapper graphics were made with the
heatmapper online program, PCA and Venn graphics were
made with the thtools program, and Dendogram graphics
were made with the Srplot online program.



3. Results and Discussion

According to the results of the variation analysis, it was
determined that there were statistically significant
(p<0.01) differences between the genotypes in the NC,
NGP, CFA, DHI and SR parameters (Table 3). In terms of
NC, the F2-10 (15.5) genotype received the highest value,
while the lowest NC value was determined in the F2-1
(4.5) genotype. The average NC value of the genotypes
was 12.03. When we look at the NGP numbers, the highest
NGP number was determined in the F2-10 genotype and
the lowest NGP number was determined in the F2-12 and
F2-13 genotypes. The average NGP numbers of the
genotypes were 1.65. While the average CFA of the
genotypes was 13.37%, the highest CFA was in the F2-10
(17.22%) genotype and the lowest CFA was in the F2-1
(5%) genotype. The highest DHI value was measured in
F2-5 (50.63) and the lowest DHI value was measured in
F2-12 (0) and F2-13 (0) genotypes. The average DHI value
of the genotypes was 14.37. The highest SR value in the
study was determined in the F2-5 (6.67) genotype, and the
lowest SR value in the F2-12 (0) and F2-13 (0) genotypes,
while the average SR value of the genotypes was 1.83
(Table 3).

In the Heatmapper chart, the colors of the genotypes
gradually increase from red to green, and as they approach
black, they get closer to the average value. Accordingly, in
terms of all applications, F2-10, F2-7 and F2-8 genotypes

Table 3. Parameters examined in the study
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stood out with higher values than the average. It was
observed that while F2-3, F2-14, F2-13, F2-12, F2-15 and
F2-11 genotypes had above average values in terms of NC
and CFA, they had below average values in terms of NGP,
SR and DHI parameters. F2-5 genotype had values close
to the average in terms of NC and CFA parameters and was
the genotype with the highest values in terms of NGP, SR
and DHI (Figure 1).

According to PCA analysis, it was seen that the genotypes
were divided into 4 different groups. F2-5 genotype in
Group 1, F2-2, F2-3, F2-6, F2-7, F2-8, F2-10 and F2-14
genotypes in Group 2, F2-1, F2-4 in Group 3, and F2-9
genotypes, and F2-11, F2-12, F2-13 and F2-15 genotypes
were included in Group 4 (Figure 2).

In the dendogram analysis, similar to the PCA analysis, it
was seen that the genotypes were divided into 4 different
groups. F2-5 genotype in Group 1, F2-2, F2-3, F2-6, F2-7,
F2-8, F2-10 and F2-14 genotypes in Group 2, F2-1, F2-4
in Group 3, and F2-9 genotypes, and F2-11, F2-12, F2-13
and F2-15 genotypes were included in Group 4 (Figure 3).

Venn chart is a type of graph in which the common
intersection set of genotypes that stand out in terms of
applications is expressed. According to the Venn graph in
this study, it is seen that there are two genotypes that stand
out in terms of all parameters. These genotypes are F2-7
and F2-10 genotypes (Figure 4).

NC* NGP* CFA* DHI* SR*
F2-1 450 0.50¢°f 5.00f 15.63v¢ 0.56°f
F2-2 11.50%¢ 1.504 12.78%¢ 13.13%¢ 1.67%¢
F2-3 14.00*¢ 2.00v 15.56%¢ 13.950¢ 2.22vd
F2-4 8.50% 0.50¢°f 9.44¢% 5.00 0.56°f
F2-5 12.00%¢ 6.00? 13.33% 50.63? 6.67%
F2-6 11.75%d 1.75¢ 13.06"d 16,394 1.94¢
F2-7 14.25%¢ 3.00° 15.83*¢ 21.40% 3.33°
F2-8 12.50%*¢ 2.75% 13,89%¢ 22.74P 3.06"
F2-9 8.25¢ 1.50%¢ 9.17¢ 19.58 1.67%¢
F2-10 15.50? 3.00° 17.222 19.81k¢ 3.33°
F2-11 13.25%¢ 0.50¢f 14.72%¢ 3.57¢ 0.56¢f
F2-12 15.00% 0.00f 16.67% 0.00f 0.00f
F2-13 13.50%*¢ 0.00f 15.00*¢ 0.00f 0.00f
F2-14 12,75%¢ 1.25%¢ 14.17%¢ 9.83¢f 1.394¢
F2-15 13.25%¢ 0.50¢f 14.72%¢ 3.71¢ 0.56¢f
Mean 12.03 1.65 13.37 14.37 1.83

*Means shown with different letters are statistically significantly different from each other according to the p<0.01 significance level in the

LSD test.
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4, Conclusion

In this study, the success rate obtained from anther culture
varied depending on the genotypes. F2-7 and F2-10
genotypes in the study stood out as the most successful
genotypes. Table 1, Figure 1 and 4). As a matter of fact,
Szakacs et al. (1989) stated that despiegh the success of
anther culture varies depending on the genotype; They
reported that factors such as callus formation, plant
regeneration, and the amount of double haploid plants
success. In a study, it was stated that the rate of double
haploid plants varies depending on not only the genotype
but also the induction environment. (Orshinsky &
Sadasivaiah, 1994). In another study, it was stated that pre-
cold application increased the amount of naturally double
haploids. (Pauk et al., 2003). Additionally, Bajaj (1990)
reported that many factors such as the growing conditions
of donor plants in anther culture, genotype, pre-
applications to flower buds, structure and composition of
the nutrient medium, and incubation conditions affect the
success rate in anther culture. However, most researchers
have stated that the biggest problem for the production of
double haploid plants is still genotype dependency.
(Barbanas, 2003; Inagaki, 2003; Zamani et al., 2003; Ozii,
2006; Ahmet & Adak, 2007). In our study, the formation
of 4 different groups among 15 genotypes according to the
success rate is a good indicator of how success depends on
the characteristics of the genotype. It is thought that
hybrids made from Palandoken 97 and Ayyildiz varieties
respond better to anther culture and can be used as parents.
As a result, in order to achieve success in the double
haploid method, which shortens the process in wheat
breeding, which requires many years and labor, and saves
time and labor for breeders, it is necessary to conduct
studies on more genotypes and determine properties of this

genotypes.
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Abstract

In the scope of this study, the aim was to develop height—diameter models for Brutian pine forests located within the
boundaries of Kursunlu Waterfall Nature Park in Aksu district of Antalya province. For this purpose, height—diameter
data for 516 sample trees were randomly divided into model (422 trees) and control (94 trees) groups. Using
height—diameter values obtained from 422 sample trees, parameter estimates were made for three models that are
commonly used in the literature and successfully reflect height—diameter relationships. The best model was evaluated
based on four success criteria: Coefficient of Determination (R?), Root Mean Square Error (RMSE), Mean Absolute
Error (MSE), and Akaike Information Criterion (AIC). The results of the evaluation indicated that the M2 (Meyer)
model, which exhibited the lowest ranking value, was the most effective model. The observed and predicted height
values of the trees in the independent data group were compared using the Student’s t—test. The results of the test
indicated that the observed and predicted height values were statistically indistinguishable (p>0.05). The
height—diameter model developed as a result of the study will serve as a significant tool for biomass and carbon stock

estimation.

Keywords: Pinus brutia Ten., Height-diameter models, Tree height, Diameter at breast height
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1. Introduction

The diameter and height of trees represent fundamental
measurements in forest inventory studies. The
measurement of diameter and height of trees is employed
as a fundamental variable in numerous applications within
the field of forestry. These include the estimation of tree
and stand volume, the development of growth models, the
analysis of stand structural diversity and the estimation of
biomass and carbon stock. The diameter at breast height of
trees can be readily and precisely quantified to facilitate
these estimations, whereas the measurement of tree height
is more challenging and time—consuming. In this context,
height—diameter models are of significant importance in
the present era (Arabatzis & Burkhart, 1992; Huang et al.,
2000; Sharma & Parton 2007; Meng et al., 2009;
Diamantopoulou & Ozgelik, 2012; Ercanli, 2015).
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A positive curvilinear relationship between height and
diameter is observed in general. In order to model this
relationship, both linear and non—linear regression models
have been employed. Non—linear regression models are
more flexible than linear regression models and provide
ease of application to data. Consequently, they are
employed with greater frequency (Larsen & Hann, 1987;
Wang & Hann, 1988; Arabatzis & Burkhart, 1992). One of
the models that form the basis for the growth and yield
models required for ecosystem—based functional forest
management planning wused in Tirkiye is the
height—diameter model. Studies on these models are of
great importance (Ozgelik & Capar, 2014).

When analyzing studies on height-diameter models in
Tiirkiye, the following are observed S6nmez (2009), Misir
(2010), Ozgelik et al. (2013), Ozgelik and Capar (2014),
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Ercanli (2015), Catal and Carus (2018), Ozgelik et al.
(2018), Ercanli and Eyiiboglu (2019), Ercanli (2020a,
2020b), Seki and Sakici (2022). Among these studies, the
study conducted by Ozgelik and Capar (2014) was carried
out in Antalya province.

It provides valuable predictions regarding stand structure,
volume estimations for individual trees and stands,
individual tree growth models, biomass and carbon
estimations by modeling the relationships between
diameter and height variables. Pinus brutia, the most
widely distributed coniferous species in Tiirkiye,
especially in Antalya province, offers numerous economic
and ecological benefits. Consequently, height-diameter
models developed for this species and region are of
significant importance. In protected areas, the
relationships between the diameter and height values of

Journal of Biometry Studies 4(1): 49-55

trees are of particular significance with regard to biomass
and carbon estimation. The aim of this study is to develop
height—diameter models for Brutian pine stands in the
Kursunlu Waterfall Nature Park.

2. Material and Methods

The General Directorate of Nature Conservation and
National Parks is responsible for the operation of Nature
Parks. Consequently, the natural structure of forest areas
should be preserved. The Kursunlu Waterfall, which has
been designated a Nature Park, is protected in accordance
with the provisions of the National Parks Law. The
Kursunlu Waterfall Nature Park is situated within the
country coordinate system at latitudes 37° 00' 48" to 37°
00" 63" North and longitudes 30° 81' 00" to 30° 84' 05"
East, in the Aksu district of Antalya province, Tiirkiye
(Figure 1).
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Figure 1. Study area (UDGP, 2011)
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The Kursunlu Waterfall Nature Park is located in a
transitional zone between the Mediterranean climate and
the terrestrial climate of Central Anatolia. The climate of
the Park is generally characterized by hot and dry
summers, and mild and rainy winters. In terms of
temperature values in Tirkiye, Antalya has a temperature
above the average (UDGP, 2011).

The tree communities found in the Kursunlu Waterfall
Nature Park are mainly composed of Brutian pine (Pinus
brutia Ten.), which is the dominant species in the
Mediterranean region. In the scope of the study,
height—diameter data obtained from 516 sample trees were
used to develop height—diameter models for Brutian pine.
These data were randomly divided into 2 groups (model
and control) and the data from 422 sample trees were used
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to develop the models, while the data from 94 sample trees
were used for the validation of the developed models
(Figure 2). Non—linear regression analysis was used to
estimate model parameters based on data from 422 trees.
All parameters of the height—diameter models that were
found to be statistically significant were subjected to a
relative ranking based on various statistical criteria, and

the best non—linear height—diameter model was
determined.
In this study, three different basic non—linear

height—diameter models were used, utilizing models used
in the modelling of height—diameter relationships by
various researchers. The height—diameter model structures
for which parameter estimation was performed, together
with the references used, are listed in Table 1.
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Figure 2. Height—diameter distributions for model, control and total data

Table 1. Models used to develop height—diameter models

Model Model Form References
M1 Ry =13+ax*(1—el0dne) Chapman-Richards (1959)
M2 hij =13+ ax(1—ebrdm) Meyer (1940)

Power function

h=tree height (m), dbh =diameter at breast height (cm) and a,b,c=model parameters



In this study, the height—diameter models were compared
based on qualitative and quantitative evaluations. After
parameter estimation of the models, the coefficient of
determination (R?) and various error statistics (Root Mean
Square Error, RMSE; Mean Absolute Error, MAE; Akaike
Information Criterion, AIC) were calculated for these
models. After selecting the best height-diameter model
according to statistical criteria and all parameters were
significant, the model validity was tested. For this purpose,
the observed height values of the trees of the independent
data (control group) and the height values predicted from
the best model were compared by Student’s t—test.

The evaluation of the constructed models was based on
four different statistical criteria. These statistical criteria
are:

Coefficient of Determination:

Z?=1(yi - JA’i)Z
e (yi — yi)?

Root Mean Square Error:

R?=1-

iz (i — 31)?

RMSE =
n—p
Mean Absolute Error:
alpi—yi
MAE = 1—1|y yil
n

Akaike Information Criterion:
AIC =nIn(HKOK) + 2p

where yi, yi, yi are the observed, predicted and average
values of the dependent variable, respectively, n is the
number of observations, and p is the number of model
parameters. Subsequently, the error distributions were
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analyzed visually. Graphical representations were used to
show deviations and systematic errors.

3. Results

Within the scope of the study, model parameters, various
statistical criteria and performance rankings of 3
non—linear models, for which parameter estimations were
made using data obtained from 422 sample trees, are
presented in Table 2 and Table 3.

When examining Table 2, which shows the model
parameters and statistical criteria, all parameters of the
models were found to be significant at the p<0.05 level.
Upon examination of Table 3 and Figure 3, it is observed
that although the statistical criteria for the models have
similar values, M2 stands out in the ranking.

To validate the model, the height predictions of the trees in
the independent data subset (control groups; 94 trees) were
made using the height-diameter model (M2). The
observed heights of the trees in the independent data subset
were compared with the predicted heights using Student's
t—test, and the test results indicated that the observed and
predicted heights were statistically indistinguishable
(p>0.05).

The prediction and bias values for the developed
height—diameter model were presented in Figure 4 for the
model, the control and total data set. When Figure 4 is
analyzed, it is observed that the bias values associated with
predictions made by the height—diameter model exhibit a
random distribution and do not have any trend. It is
understood that the observed height values and the height
values predicted by the M2 model are close to each other.
As a result of these evaluations, it is ensured that the
assumptions regarding regression analysis, such as bias
being randomly distributed and having no trend, are met.
Satisfying these assumptions is also an important result for
the success of the model.

Table 2. Statistical criteria and parameter estimations for the models

Model R? RMSE MAE AIC Parameters
a b c
M1 0.765 2.015 1.612 301.686 19.692 0.019 0.940
M2 0.764 2.013 1.608 299.287 19.130 0.021
M3 0.752 2.065 1.669 309.920 1.280 0.570
Table 3. Success ranking of the models

Model R? RMSE  MAE AIC Rank (R¥)  Rank (RMSE) Rank (MAE) Rank (AIC) Total Rank
M1 0.765 2.015 1.612 301.686 1.0 2.0 2.0 2.0 7.0
M2 0.764 2.013 1.608 299.287 2.0 1.0 1.0 1.0 5.0
M3 0.752 2.065 1.669 309.920 3.0 3.0 3.0 3.0 12.0
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In Tiirkiye, height—diameter relationships were studied by
Sénmez (2009), Misir (2010), Ozgelik et al. (2013),
Ozcelik and Capar (2014), Ercanl1 (2015), Catal and Carus
(2018), Ozcelik et al. (2018), Ercanli and Eyiiboglu (2019),
Ercanli (2020a, 2020b), and Seki and Sakici (2022).
Among these studies, the study conducted by Ozcelik and
Capar (2014) was conducted in the Antalya province.
Since the developed height-diameter model is a
generalized height-diameter model, the predictions of the
models were not compared. Height—diameter models are
important because they serve as the basis for many other
models. For this reason, studies on this topic are crucial.
The height—diameter model developed for Brutian pine
stands in the Kursunlu Waterfall Nature Park stands out as
a study that enables biomass estimation and carbon balance
estimation in protected areas.

4, Conclusion

The statistical analyses were carried out for the development
of height—diameter models for Brutian pine stands in the
Kursunlu Waterfall region in Aksu distirct of Antalya
province within the scope of the study. Height—diameter
measurements from 512 sample trees were used to develop
the models. In the development of the models, three
different height—diameter models were used, which are
frequently preferred in the literature for modeling
height—diameter relationships and give successful results.
Four statistical criteria (R?, RMSE, MAE, AIC) were used to
determine the best model. Among the models evaluated, the
two-parameter M2 model (Meyer, 1940) has been identified
as the best model. After deciding on the best model, the
validity of the model was tested using Student’s t—test with
an independent set of data, and as a result of this test, it was
determined that the model provided unbiased predictions
with 95% confidence. The height—diameter model
developed for Brutian pine stands in the study area stands
out as a study that allows biomass estimation and carbon
stock estimation in protected areas. For this reason, it is an
important study in terms of enabling carbon balance
assessments for protected areas.
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