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A B S T R A C T

The rabbitfish, Siganus fuscescens, is an economically important
fishery in Surigao City, Philippines. This study was conducted 
to assess the zoonotic potential of the endoparasites infecting
S. fuscescens collected from September to November 2021 in the
three selected coastal areas of Surigao City, Surigao del Norte, 
Philippines. Isolated worms were identified using light microscopy 
and appropriate staining techniques based on their morphological 
characteristics. Two endoparasite species were recovered from the 
intestine of the siganids, the acanthocephalan Sclerocollum rubrimaris, 
and the trematode Hexangium sigani. Single infections of S. rubrimaris 
were common among fish samples, and an overall prevalence of 45%
and a mean intensity of 30±23.34 (N=150) were recorded. The
fish length (rs= -0.243) and weight (rs= -0.139) had a significant
but weak negative correlation with the parasite load. With 
prevalence of 100%, results revealed that the Canlanipa station has 
a significantly higher prevalence of infection (100%) compared to
Perlas (14%) and Bilang-bilang (22%). The endoparasites are not 
zoonotic, yet, intestinal hemorrhage was observed in fish with 
heavy infections with S. rubrimaris. This study is the first report 
of endoparasite infection in siganids of Surigao. A survey of
endoparasites in other fish species in the coastal waters concerning 
water quality and heavy metal pollution is recommended. 

Keywords: Siganus fuscescens, Sclerocollum rubrimaris, Hexangium 
sigani, endoparasites
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1 Introduction
 
 The Philippines is among the top fish-producing 
countries worldwide (Lamarca 2017) and is home 
to about 60 percent of the world's known fishes. 
Among these are the herbivorous siganids or 
rabbitfishes widely distributed in Indo-Pacific 
regions (El-Dakar et al. 2011). In many Southeast 
Asian nations, siganids are aquacultured due to 
their nutritional value (Wahyuningtyas et al. 2017) 
and good market demand (El-Dakar et al. 2011). 
Fisheries in the country significantly contribute to 
the national economy and food security (Santos et 

al. 2011); hence, parasite infection is an impending 
threat that may directly or indirectly affect fish 
reproduction, growth, and survival (Quiazon 2015). 
Several species of rabbitfish, such as Siganus 
fuscescens, harbor a diverse parasite community 
(Quilichini et al. 2011; Shih and Jeng 2002).
 Upon ingestion of improperly cooked infected 
fish, humans may become accidental hosts of 
endoparasites (Praveen et al. 2015). Fish-borne 
parasitic zoonoses are more prevalent in developing 
countries and may be attributed to their traditional 
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preparation of fish dishes (Jithendran 2018). 
Anisakid nematodes, for instance, are widely 
known to infect commercially important fishes 
and humans, causing clinical manifestations 
such as gastrointestinal disorders and allergic 
reactions (Ramos et al. 2020). Moreover, among 
the major groups of parasites, trematodes and 
acanthocephalans are known to infect fish. 
In siganid species, the intestinal trematode 
Hexangium sigani (Khalifa et al. 2018) and the 
thorny-headed worm Sclerocollum rubrimaris 
(Hassanine and Al-Hasawi 2021) are two of the 
many endoparasites that were isolated. Parasites 
have detrimental effects on their fish hosts. Heavy 
infections can cause mechanical, physiological, 
and reproductive damage that might, later on, lead 
to death (Iwanowicz 2011). Nonetheless, recent 
studies suggest that endoparasites can benefit their 
marine hosts. The acanthocephalan S. rubrimaris 
could lessen the harmful effects of trace metal 
pollution on their siganid host, Siganus rivulatus, 
inhabiting the polluted waters of the Red Sea, 
Egypt (Hassanine and Al-Hasawi 2021). 
 Zoonotic potential of endoparasites in 
rabbitfish of Surigao City is not yet assessed. 
Hence, the findings of this study can contribute to 
the body of knowledge, providing empirical data 
to better understand siganids and their parasites in 
Philippine coastal waters.

2 Materials and Methods

Study Area 
 The study was conducted in three selected 
locations along the coastal areas of Surigao City. 
The municipality faces the Pacific Ocean, and 
among the mainland coastal barangays, only two 
were selected for this undertaking (Figure 1). The 
selection was merely based on the occurrence of 
siganids populating the sites. In each location, 50 
fish samples were collected in a span of two months 
following the residential coastal area of Purok-3 
Barangay Canlanipa (9°46’37”N, 125°29’47”E) 
and the seaports of Punta Bilang-bilang (9°46’52”N, 
125°29’48”E) and Purok Perlas (9°46’51”N, 
125°29’47”E) of Barangay Taft.

Fish collection and parasite identification
 Fish samples were collected from September 
to November 2021. Rabbitfishes were caught using 
a fishing net in Barangay Canlanipa. At the same 
time, representatives from Punta Bilang-bilang and 
Purok Perlas of Barangay Taft were collected using 
fish hooks with the assistance of a local fisherman. 
Captured fish samples were then immediately 
examined to isolate and document live endoparasites 
or frozen for future dissection. Length (cm) and 
weight (g) were measured before dissection using 
a digital Vernier caliper and an electronic balance. 

Figure 1. Map showing the selected sampling sites of Surigao City, Surigao del Norte, Philippines.
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Acanthocephalan and trematode endoparasites 
isolated
 Two endoparasite species were recovered 
from the examined rabbitfish samples: the 
acanthocephalan Sclerocollum rubrimaris (Figure 
2) and the trematode Hexangium sigani (Figure 
3). Identification of the two parasite species was 
based on their conspicuous morphological features, 
as described in various reputable journal articles 
(Dzikowski et al. 2003; Hassanine 2006; Eldeen
et al. 2014; Hassanine et al., 2016; Khalifa et al. 
2018; Hassanine and Al-Hasawi 2021). These 
parasites were found and isolated from the siganid 
hosts' intestines. Predominantly, fish samples 
exhibited single infections with S. rubrimaris (45%, 
n=68); and occasionally, concurrent infections with 
both S. rubrimaris and H. sigani (3%, n=5). 
 Both male and female unstained 
acanthocephalan were examined. Several defining 
features were observed that are typically possessed 
by S. rubrimaris, known to parasitize several siganid 
species (Hassanine 2006; Eldeen et al. 2014). The 
isolated acanthocephalan have unspined tegument; 
relatively short, cylindrical proboscis armed with 
alternating rows of sharp hooks; lemnisci slightly 
longer than the receptacle; with oval-shaped male 
testes—anterior testis almost equatorial—and well-
developed copulatory bursa (Hassanine 2006). This 
is the first record of S. rubrimaris among siganids in 
Philippine waters.
 In fish samples with intense infection of 
S. rubrimaris, parasite obstruction resulted in 
hemorrhage in the infected area, apparently 
attributed to the attachment of the acanthocephalans' 
proboscis to the intestinal wall. This observation 
was reported by Eldeen et al. (2014) in Siganus
rivulatus infected with S. rubrimaris, further 
indicating that apart from intestinal damage, 
parasite obstruction also impedes the movement 
of digested materials as well as the absorption of 
nutrients. Moreover, the trematode was rarely 
isolated among the dissected fish samples; hence, 
no attributable morphological damage was 
detected. Morphological examination identified the 
endoparasite as Hexangium sigani, as described by 
Khalifa et al. (2018). Newly isolated trematodes 
were fleshy with white and smooth tegument; 
body dorsoventrally flattened and elongated; well-
developed pharynx; uneven left and right ceca; 
oval-shaped anterior and posterior testes; very 
prominent uterus situated medially; and V-shaped 

Individuals were inspected for morphological 
damage due to endoparasite infection.
 A total of 150 fish samples were dissected. 
The gastrointestinal tract was removed from 
the body cavity and placed on a Petri dish with 
distilled water. Specimens were examined using 
a corded motic microscope (ecoline C-10 LED) 
aided by a motic camera. Visually spotted parasites 
were isolated, transferred to a separate dish, and 
counted. Afterward, endoparasites were washed 
with distilled water and preserved in vials with 70% 
ethanol (Upton 2005).
 Acanthocephalans were kept unstained and
were directly viewed under the microscope, 
documenting their anterior and posterior part, 
particularly the proboscis and other conspicuous 
organs relevant for proper identification. Trematodes 
were stained using an acetocarmine stain for 2 h.
The endoparasites were then exposed to 70% 
ethanol to halt staining and later destained briefly 
in 70% acid ethanol. These were eventually blued 
up in 70% basic ethanol and dehydrated in a series 
of alcohol concentrations.

Data Analyses
  The prevalence rate of acanthocephalan 
and trematode endoparasites (No. of infected 
fish / total number of examined fish X 100) and 
Mean intensity of endoparasite infection (Total 
n of isolated parasites/ total number of infected 
fish samples) were computed (Dela Cruz et al. 
2022). Statistical analyses were performed using 
IBM Statistical Package for the Social Sciences 
(SPSS) (Hermida et al. 2012). Mann-Whitney 
U and Kruskal Wallis tests were accomplished 
to compare the infection rate between sampling 
areas. While Spearman correlation analysis was 
utilized to determine the relationship between fish 
weight and length and the parasite mean intensity.

3 Results and Discussion 
 
 Of the 150 dissected fish samples, 68 (45%) 
were infected with endoparasites. The Canlanipa 
area had the highest overall prevalence (100%), 
followed by Punta Bilang-bilang (22%) and Purok 
Perlas (14%). 2,016 endoparasites (mean intensity 
of 30±23.34) were isolated from fish samples across 
sampling sites. Canlanipa had the highest mean 
intensity of 37±27.81, followed by Bilang-bilang 
(14±7.38), and Perlas (5±2.27).
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Figure 2. Photomicrograph and line drawing of Sclerocollum 
rubrimaris isolated from Siganus fuscescens inhabiting 
the three selected coastal areas of Surigao City, Surigao 
del Norte, Philippines. A (under scanning objective 40x): 
Unstained female Acanthocephala; B (under LPO 100x): 
Anterior end of the female endoparasite; C (under HPO 
400X): Endoparasites' proboscis; D (under scanning 
objective 40x): Unstained male acanthocephalan;
E (under scanning objective 40x): Enlarged image of the 
male endoparasites' posterior end; F (under LPO 100x): 
Posterior end of the male endoparasite. Arrows pointing
1. Proboscis, 2. Receptacle, 3. Hook, 4. Lemniscus, 5. Testis, 
6. Cement gland, and 7. Bursa. Scale bars = 1 mm (A), 2 
mm (D).

Figure 3. Photomicrograph and line drawing of 
Hexangium sigani isolated from Siganus fuscescens 
inhabiting the three selected coastal areas of Surigao 
City, Surigao del Norte, Philippines. A (under
scanning objective 40x): Whole trematode 
endoparasite stained with acetocarmine stain; B 
(under LPO 100x): Endoparasites' anterior end; C 
(under LPO 100x): Endoparasites' mid-body part; 
D (under LPO 100x): Endoparasites' posterior end. 
Arrows pointing 1. Pharynx, 2. Esophagus, 3. Uterus, 
4. Vitelline follicle, 5. Cecum, 6. Anterior testis, 7. 
Posterior testis, 8. Ovary, 9. Excretory vesicle. Scale 
bar = 1 mm.
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excretory vesicle. To date, there were no known 
records of S. rubrimaris and H. sigani accidentally 
infecting humans.
 
Fish length and weight in relation to helminth 
intensity
 The relationship between fish length and 
endoparasite intensity was determined (Table 
1). Fish length ranges between 7.83 cm-14.34 
cm (with a mean value of 10.27±1.05). Results 
revealed a significantly weak, negative association 
between fish length and Sclerocollum rubrimaris 
intensity (rs= -0.242; p=0.003). On the other hand, 
Hexangium sigani intensity has a weak positive 
association and is not significantly correlated (rs= 
0.001; p=0.996). The relationship between fish 
weight and endoparasite intensity was obtained
(Table 2). The intensity of S. rubrimaris has a 
significant yet very weak, negative correlation with 
the fish weight (rs= -0.139; p= 0.090). H. sigani 
intensity has a weak, positive association (rs= 
0.054; p= 0.508). 
 The negative correlation of the fish length and
weight with S. rubrimaris intensity suggests that 
the parasite infection may inversely influence 
the fish’s physical parameters. However, the 
associations were too weak, indicating that despite 
the substantial number of endohelminth isolated, 
it scarcelyaffected the length and weight of the 
fish samples. Given that their physical parameters 
were not adversely affected, it can be deduced that 
the examined siganids appear to tolerate helminth 

infection (Eldeen et al. 2014).
 Acanthocephalan infection is not entirely 
detrimental to their host since, remarkably, 
S. rubrimaris can absorb and bioaccumulate 
toxic heavy metals, such as cadmium and lead 
(Hassanine and Al-Hasawi 2021). Frequent 
consumption of heavy metal-contaminated fish 
may lead to impaired mental and central nervous 
system function and harm the lungs, kidneys, and 
other vital organs (Isangedighi and David 2019). 
Therefore, completely eradicating S. rubrimaris 
from polluted waters is not advisable since they 
can help accumulate toxic heavy metals better
than their hosts (Al-Hasawi 2019). Consequently, 
it can then be assumed that the helminths will not 
threaten the local fisheries as long as the infection 
rate is not high enough to elicit harmful effects on 
the siganid hosts.
 A comparison of endoparasite infection across 
sampling areas indicates a significant difference in 
the intensity of Sclerocollum rubrimaris  (p=0.001). 
Canlanipa has a significantly higher infection than 
the other locations in terms of acanthocephalan 
and trematode intensity. Purok Perlas and Punta 
Bilang-bilang are located in the same barangay, 
which could explain why there was no significant 
difference between the two sampling sites. It is 
assumed that the rabbitfishes populating these
areas may have overlapping habitats and share
almost similar diets. Also, the seaports in Perlas and 
Bilang-bilang were recently reconstructed, which 
might have disturbed the natural habitat of the

Table 1. Correlation between the fish length and the intensity of the endoparasites 
isolated from Siganus fuscescens in the three selected coastal areas of Surigao City, 
Surigao del Norte, Philippines.

Intensity
Fish Length

Remarks
Correlation coefficient (rs) p-value

S. rubrimaris -0.242* 0.003 Significant

H. sigani 0.001 0.996 No Significant

Total helminth load -0.243* 0.003 Significant

Table 2. Correlation between the fish weight and the intensity of the endoparasites 
isolated from Siganus fuscescens in the three selected coastal areas of Surigao City, 
Surigao del Norte, Philippines.

Intensity
Fish Weight

Remarks
Correlation coefficient (rs) p-value

S. rubrimaris -0.139* 0.090 Significant

H. sigani 0.054 0.508 No Significant

Total helminth load -0.139* 0.090 Significant

*Significant at 10% alpha; Tested in Spearman’s Rho

*Significant at 10% alpha; Tested in Spearman’s Rho
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siganids found in the coastal areas, affecting their 
source of nourishment and the potential for helminth 
infection. 
 The presence of amphipod hosts (Al-Jahdali et 
al. 2015) and aquatic vegetation (Hassanine et al. 
2016) in the marine environment have roles in the 
life cycle of both the acanthocephalan and trematode 
worms. Rabbitfish larvae consume zooplankton 
(Quinitio and Sa-an 2008), whereas the mature
ones typically feed on algae (Nanami 2018).
Although Canlanipa is a residential area 
and is just adjacent to Perlas, the site is 
relatively undisturbed, which could allow 
the isolated endoparasites, S. rubrimaris in 
particular, to flourish and continuously infect
its siganid host. The helminth's uninterrupted life 
cycle elucidates the significantly high infection rate 
in the said location. 

4 Conclusion and Recommendations

 This study provides relevant information on 
Sclerocollum rubrimaris and Hexangium sigani 
infection in S. fuscescens collected in the selected 
coastal areas of Surigao City. The endoparasites 
recovered are not recognized as zoonotic. 
However, heavy infection of the acanthocephalan
endoparasite caused intestinal damage in the fish 
examined. Molecular analysis is necessary to 
identify the isolated endoparasites accurately. With 
the emerging studies related to S. rubrimaris and its 
ability to bioaccumulate toxic heavy metals from 
the intestine of its siganid host, it is recommended 
for future undertakings to obtain water, parasite, 
and fish tissue samples for heavy metal analyses. 
Findings will be vital to assess the potential of 
this host-parasite relationship to biomonitor heavy 
metal pollution in the coastal areas of Surigao
City. 
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A B S T R A C T

The Lake Mainit community's Knowledge, Attitude, and Practices 
(KAP) were assessed to determine perspectives on the lake's 
ecological state in terms of industry and recreation-related utilization, 
conservation, and the marketing of Glossogobius giuris and Channa 
striata—two of its economically important fishery resource. The 
KAP survey was obtained from 383 respondents within the 25-54 
age group within the lake's five fishing communities. Analysis of 
the solicited responses confirmed the community's utilization of the 
lake for various purposes. Still, it showed that the respondents have 
moderate knowledge of basic information on the state of the lake 
and its resources. The study noted positive responses towards lake 
utilization and conservation but negative views towards the prohibition 
of marketing and distribution of the two fish species surveyed.
The study shows a positive association between sociodemographic and 
economic profiles on the community's knowledge of the distribution, 
biological characteristics, collection, and marketing of G. giuris and 
C. striata. The years of residency and those respondents involved in 
fishing have a positive affinity towards lake utilization; however, 
as members of the family increase, their attitude towards lake 
utilization decreases. Also, households with fisher members have a 
positive relationship towards practices on lake utilization. This study 
recommends strengthened environmental initiatives enabling broader 
community participation in the lake's conservation. It provides baseline 
informational statistics on behaviors and perspectives on exploiting the 
lake's resources, serving as a reference for future research.
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1 Introduction
 
 In the Philippines, Lake Mainit is considered 
an essential communal resource in the provinces 
of Surigao del Norte and Agusan del Norte, which 
covers remarkable diversity of life (Demetillo 
et al. 2015). The economy of the municipalities 
surrounding Lake Mainit is highly reliant on 
agricultural production, providing the communities 
with fresh aquatic food and livelihood (Apdohan 

2021). Nonetheless, Lake Mainit is continuously 
affected by several anthropogenic activities from 
its surroundings, such as mining, unsustainable 
fishing practices, agrochemicals, and the increase of 
human settlements, which may have aggravated the 
current situation of the lake (Paylangco et al. 2020). 
 Residents surrounding the lake have a vital 
role as allies and stakeholders of any government 
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or private institution in protecting and conserving 
the Lake Mainit ecosystem (de Jesus et al. 2015). 
KAP surveys are commonly used to identify 
knowledge gaps and behavioral patterns among 
sociodemographic subgroups in a community. The 
residents' KAP are significant views to explore 
how their knowledge affects their attitude and 
practices towards lake utilization, conservation, 
distribution, and marketing of fishery resources. It 
is necessary to understand the KAP of the lake's 
fishing communities to assess the abundance and 
utilization of vital fishery resources while gaining 
the community's perspectives on perceived threats 
to the lake ecosystem.
 One of the dominant fish species with high 
economic value in Lake Mainit is the tank goby 
and snakehead murrel (Catoto 2015). Tank goby 
(Glossogobius giuris) is one of the lake's most 
popular resources and has been an abundant 
catch for years (Vedra et al. 2019). The fish is 
commercially developed as a local and international 
export in the form of "bulad pijanga" or dried tank 
goby. Nonetheless, the population of adult G. giuris 
in the lake has decreased (Battad 2018) due to 
highly unsustainable fishing practices, particularly 
the harvest of its "saguyon" or the fingerlings of tank 
goby. The freshwater snakehead murrel (Channa 
striata) lives in various environments, including 
rivers, marshes, ponds, canals, lakes, and rice 
fields (Dumalagan et al. 2017). This carnivorous 
snakehead murrel is a highly invasive species that 

can withstand harsh environments (Song et al. 
2013). It is an essential food source in Asia-Pacific 
(Dumalagan et al. 2017) and an economically 
important fish species to the communities of Lake 
Mainit (Ebol et al. 2020).     
 Studies on the assessment of the ecological 
state of Lake Mainit have been conducted in the 
past (Demetillo et al. 2015; Ebol et al. 2020; 
Paylangco et al. 2020). However, studies on the 
perceived knowledge of communities regarding 
fish health and lake resource utilization have yet 
to be conducted. This study focused on filling this 
gap and evaluating the community KAP based on 
their response. Results from their KAP responses 
would help the residents and the local government 
determine what possible approaches need to be done 
to monitor and protect the lake and its resources 
from being exploited and further polluted.

2 Materials and Methods

Research Locale and Duration of the study
 The study was conducted at Lake Mainit 
on the border of Surigao del Norte and Agusan 
del Norte provinces. Based on the 2020 census, 
the total population surrounding the lake was 
90,336 (Philippine Statistics Authority 2021), and 
among the 31 barangays, five (5) stations were 
chosen as representative study sites, namely S1-
Tagbuyawan, S2-Magtiaco, S3-Jaliobong, S4-
Dinarawan, and S5-Kalinawan (Figure 1). Of the 

Figure 1. Study stations established in Lake Mainit, Philippines



Journal of Ecosystem Science and Eco-Governance Vol. 4, No. 2 | December 2022

10

8,051 residents, accounted for 8.91% of the overall 
inhabitants of communities, 383 individuals were 
interviewed randomly. The selection was based on 
convenience measures—proximity to the lake and 
direct involvement in lake activities (livelihoods, 
recreation) along with the population density, 
ecological factors, and anthropogenic activities 
(Ebol et al. 2020). The face-to-face survey lasted 
five months, between November 2021 and April 
2022, considering the COVID-19 pandemic during 
the study.
 The overall population of Lake Mainit, based 
on a 2020 census, was N=90,336 (Philippine 
Statistics Authority, 2021), and there were 8,051 
residents. In the five stations selected in this study 
(Tagbuyawan = 412; Magtiaco = 2,434; Jaliobong = 
2047; Dinarawan = 1299; Kalinawan = 1858). Out 
of this population, 383 participants were randomly 
interviewed (20, 116, 97, 62, and 88 in each 
respective station) following Cochran's (1963:75) 
formula. The confidence interval was set at p=0.05 
for sample variability (Elvira et al. 2021).

N = the total number of the target population and n0 
       is estimated as shown in the formula below:

where: t2 = the abscissa of the normal curve 
         that cuts off an area at the tails (1- equals 
        95% confidence level); p = the estimated 
           proportion of an attribute that is present in
       the population; d = the desired limits of
        error, and q is 1-p.

Data Collection for the Knowledge, Attitude, and 
Practices (KAP) on Fish Consumption and Lake 
Utilization

Ethical Consideration
 Informed consent was prepared to obtain the 
approval of each significant participant. Before 
conducting the survey, each barangay was informed 
of the study, and a formal agreement was made. 
For the face-to-face survey, a request letter was 
submitted and signed to collect primary data on 
residents' personal experiences (KAP) relevant 
to the scope of the study. The minimum health 
protocols were observed in surveying to avoid the 
risk of contracting the virus.

Knowledge, Attitude, and Practices (KAP) on fish 
consumption
 This study examined fishing communities' 
knowledge, attitude, and practices towards Lake 
Mainit utilization, conservation, management, 
and distribution and marketing of economically 
important fish species G. giuris and C. striata. A 
KAP survey is a comprehensive survey of a specific 
population designed to gather information on one 
topic's general knowledge, attitudes, and practices. 
KAP responses received significant attention 
regarding their ability to provide an overall outlook 
of a particular population. The attitude would 
typically predict behavior though there are some 
inconsistencies. Also, attitude and behavior are 
both affected by external circumstances that impact 
their consistency (Kraus 1995). On the other note, 
practices help shape and reveal an individual's 
attitude and perception in a particular scenario 
based on personal experiences and societal influence 
(Kasych and Vochozka 2019).
 The quantitative interview includes respondents' 
general knowledge of the lake, observation, and 
behavior on utilizing the lake over the years' 
distribution and marketing of economically 
important fish species. Key participants were 
chosen based on the convenience criteria—their 
availability during the study period and direct 
involvement in lake activities. The questions 
were grouped into four sets as follows: (1) Socio-
demographic, (2) Knowledge, (3) Attitude, and (4) 
Practices. The sociodemographic section includes 
gender, age, civil status, educational attainment, 
years of residency, occupation, family size, and the 
number of household members involved in fishing 
activities. In the knowledge section, the survey 
tackled the current awareness of the participant 
on heavy metal contamination, the sources of 
pollution relating to human endeavors, economic 
and agricultural activities, and their knowledge of 
government agencies responsible for maintaining 
water quality. The attitude section of the survey 
instrument covered the residents' behavior towards 
protecting the lake from illegal activities and proper 
waste handling. The practices section of the survey 
questionnaire intends to elicit the participants' habit 
of utilizing the lake (for recreational purposes 
or convenient living) (Elvira et al. 2021). The 
conversations and the questionnaire were steered 
in the local language. During analysis, gathered 
responses from participants were translated into 
English to be understood internationally.
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 Statistical Analysis
 The KAP responses were descriptively
presented through mean value, frequency, and 
percentages. In determining the significance and the 
association of the respondent's sociodemographic
and economic profile towards KAP responses, 
multiple regression analysis using STATA version, 
13.1 was used (Elvira et al. 2021; Makinano et 
al. 2022). The method of calculation used the
independent variables (sociodemographic and 
economic profile) whose values are known to 
predict the value of the single dependent value
(KAP responses) (Moore et al. 2006). These 
equations are shown below: 

 Where K is the dependent variable for 
Knowledge, A is the dependent variable for 
Attitude, P is the dependent variable for Practices, 
and i denotes the ith respondent. The independent 
variables used in the regression are DGender 
is the dummy variable for gender (where 1= 
Male, 0= Female), Age is the respondent's age, 
DCivil status is the dummy variable for civil 
status, Educational attainment is the respondent's 
educational attainment, Years of residency is the 
respondent's years of residency, Occupation is for 
the respondent's occupation, Family size is for the 
respondent's family size, and Involved in fishing 
activity is the respondent's number of household 
members involved in fishing activities, and e is the 
error term.

3 Results and Discussion

Socio-demographic profile of the respondents
  Sociodemographic surveys provide the 
backbone of the study. The gathered data offers 
relevant variables for the subject, guiding the 
reliance on the dependent variables (KAP
response). Most of the respondents who participated 
in the survey were within the age group of 25-54 

(Table 1). According to Smith (2008), men are less 
likely to respond to surveys than women. Based 
on the sociodemographic profile results, males are 
the least encountered respondents from the overall 
sample population because mostly wedded males 
are out of the household for work. The result also 
suggests that married respondents are numerous, 
meaning their presence during interviews is 
affected. Most of those who participated in the 
survey were within the 25-54 age group (Table 1). 
Our survey noted that educational attainment in 
each community is moderate, primarily educated 
at the high school level (36.2%), with only four 
individuals accounting for no formal education, 
and most are unemployed (40.7%). Households 
with fishers in the family surveyed were observed 
to be fewer (8.4%) because there are career 
opportunities offered in nearby areas with enough 
salary compared to income from fishing. Also, 
considering the massive fish kill in 2015, several 
fishing communities suffered severe economic and 
livelihood losses (Catoto 2015).
 Most respondents have lived near the lake 
for more than 30 years, with an average of 32 
years of residency. Respondents from Kalinawan, 
Jaliobong, and Magtiaco primarily live in upland 
areas (Apdohan et al. 2021) because the coastal 
residents are prone to flooding and other natural 
disasters. However, males are the least encountered 
respondents (32.4%) from the overall sample 
population. This observation may be due to the time 
and day of the survey, wherein mostly wedded males 
are out of the household for work. The data also 
suggests that married respondents are numerous, 
meaning their presence during interviews is affected.

Knowledge of the respondents
 Knowledge is reflected as a collection of 
appropriate information, experience, and skilled 
insight, providing a foundation for estimating and 
incorporating new experiences and information 
(Mohajan 2016). Respondents from each station 
were moderately knowledgeable that Lake Mainit 
is the 4th largest lake in the Philippines and the 
lake's poor water quality. Nonetheless, respondents 
were highly knowledgeable of the abundance 
and presence of G. giuris and C. striata in Lake 
Mainit. Although respondents are moderately 
knowledgeable of the lake's water quality being 
polluted and the possibility of its quality declining 
because of household sewage, they are unaware 
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if factories or the chemical run-offs from farms 
contribute further to the lake's deteriorating water 
quality. From the overall average rating (Table 
2), 75% of the respondents were moderately 
knowledgeable about the distribution, biological 
characteristics, collection, and marketing of G. 
giuris and C. striata from Lake Mainit.
 In addition, the respondents were highly 
knowledgeable about G. giuris and C. striata 
having high protein content. However, they are 
moderately familiar with the health risks posed 
by possible ingestion of G. giuris and C. striata 
contaminated by heavy metals. Moreover, they 
are highly knowledgeable about G. giuris and 
C. striata being sold at local markets. Some 
ordinances prohibit them from collecting G. giuris 
and C. striata if it is still not of marketable size, 
and regulations keep the lake from being polluted. 
They also mentioned agencies/institutions that

help take care of Lake Mainit, such as Bantay
Danao, the Department of Agriculture (DA), the
Department of Agrarian Reform (DAR), the Bureau 
of Fisheries and Aquatic Resources (BFAR), the 
Department of Environment and Natural Resources 
(DENR), Lake Mainit Development Alliance 
(LMDA), Fish Warden, and Marginal Fisherfolks 
Association (MAFIA). The overall results of the 
data revealed that every individual has common 
adherence to the concept of lake conservation and is 
aware of the legal and illegal activities.
 Knowledge is reflected as a collection of 
appropriate information, experience, and skilled 
insight, providing a foundation for estimating and 
incorporating new experiences and information 
(Mohajan 2016). Ratings on the abundance of
G. giuris and C. striata in the lake and dietary
habits as carnivorous from all the domains 
are significantly high (90.86%, and 90.184, 

Table 2. Respondents Knowledge on the distribution, biological characteristics and the collection and marketing of
G. giuris from Lake Mainit

Statements Tagbuyawan Magtiaco Jaliobong Dinarawan Kalinawan Overall Remark

1. 4th largest lake in the Philippines. 76.00 72.93 79.79 85.16 69.55 76.686 MK

2. Water quality is poor. 71.00 71.9 63.09 45.81 60.00 62.36 MK

3. Degradation of water quality is caused by waste 
discharge from factories.

71.00 60.7 67.22 44.516 56.591 60.005 U

4. Degradation of water quality is caused by waste 
from houses.

74.00 71.21 77.11 54.52 64.55 68.278 MK

5. Degradation of water quality is caused by 
chemicals from agriculture.

53.00 71.9 73.4 39.68 62.5 60.096 U

6. Bottom sediments nearby lake is dirty. 60.00 70 64.95 38.06 54.55 57.512 U

7. Many garbage are seen in the shoreline of the lake 72.00 67.24 67.01 50.32 59.77 63.268 MK

8. Tank goby are abundant in the lake. 83.00 93.28 94.64 92.26 91.14 90.864 HK

9. Tank goby is carnivorous. 90.00 91.9 87.42 93.87 87.73 90.184 HK

10. Tank goby is rich in proteins 80.00 80.7 82.06 97.74 85.909 85.282 HK

11. Tank goby in Lake Mainit is contaminated. 58.00 72.93 63.71 45.81 57.73 59.636 U

12. Consumption of contaminated Tank goby could 
lead to diarrhea. 

74.00 66.55 62.89 58.39 67.27 65.82 MK

13. Consumption of contaminated Tank goby is 
prohibited by RHU.

67.00 64.31 56.7 54.19 73.41 63.122 MK

14. Tank goby are sold to the market 90.00 89.31 94.64 82.26 88.64 88.97 HK

15. There are ordinances prohibiting direct dumping 
of trash in Lake Mainit.

91.00 86.9 91.13 99.68 91.818 92.106 HK

16. The LGU manages and monitor the water quality 
of the lake

91.00 83.97 93.81 97.74 91.364 91.577 HK

17. The LGU enforces local ordinances in the lake 90.00 83.97 90.72 97.42 89.545 90.331 HK

18. There are institutions maintaining the quality of 
the lake.

68.00 77.76 74.02 78.71 75.91 74.88 MK

Rating per domain 75.5 76.53 76.91 69.78 73.78 74.5 MK

Overall remark MK MK MK MK MK

Rating: 81-100 = Highly Knowledgeable (HK); 61-80 = Moderately Knowledgeable (MK); 60-20 = Uninformed (U)



Journal of Ecosystem Science and Eco-Governance Vol. 4, No. 2 | December 2022

14

respectively). Most of the rating falls into the 
percentage of 61-80 (MK) (Table 2). However, 
most respondents agreed that ordinances are 
imposed prohibiting the direct disposal of trash 
into the lake. These results revealed that every 
individual has common adherence to the concept 
of lake conservation and is aware of the legal and 
illegal activities. Nevertheless, they are unaware 
of what is happening with the lake and the general 
state of aquatic life, whether it is contaminated with 
surrounding sources of pollution or not.

Attitudes of the respondents
 Attitude is an essential aspect of calculating the 
attributes of communities (Wolf et al. 2020). Lack 
of consideration of the proper attitudes toward 
protection and maintenance could result in a cascade 
of risks. Attitudes of the respondents toward the 
lake's utilization and management are positive. 
Also, communities jointly do not approve of fishing 
or marketing prohibition of G. giuris and C. striata 
to the public (Table 3). The respondents remain 
opposed to the ban on harvesting and marketing 
of snakehead murrel and tank goby because it is 
one of their sources of income and food alongside 
other fish species. Other respondents claim that it 
is only illegal if "saguyon" (G. giuris fingerlings) 
are caught instead. Despite the locally imposed 
prohibitions, many fishermen continue to engage 
in illegal fishing practices and commercializing 
fingerlings of G. giuris. This unlawful practice 

is most likely the cause of the fish species' abrupt 
population decline due to constant utilization. In the 
past, local fishers could capture 25 kg or more of tank 
goby in a day but now could only manage to catch 
5-10kg, which is extremely few" (Battad 2018).
 Mindanao Development Authority (MinDA) 
has started building an inclusive program that 
guarantees the sustainability of "Tank goby" 
fishing in Lake Mainit. Part of the program's design 
was to toughen the neighboring towns' union so 
that environmental programs could warrant a 
sustainable income for families who rely on the 
lake's resources. Also, the program's crafted "Tank 
goby" hatchery has been constantly enriched so that 
there will still be loads of fingerlings to be seeded 
in the lake every year (Trozo 2020). Institutional 
and public participation is necessary to maintain the 
lake's ecological integrity. The role of LGU in the 
improvement, waste management, and maintenance 
of water quality is essential, specifically the Bantay 
Danao, LMDA, DENR, and DA sectors which 
are the prominent mentioned private and public 
agencies taking part in the protection of the lake. 
Residents have a considerable positive response 
towards the capacity of these organizations. An 
inter-local cooperative that was established in 
1999 (de Jesus et al. 2014) known as Lake Mainit 
Development Alliance (LMDA) was organized to 
maintain and provide environmental management 
plans as imperative services to the Lake Mainit 
adjoining areas and its communities (Natad 2018). 

Table 3. Attitude of respondents on the conservation, protection and utilization of lake resources
Statements Tagbuyawan Magtiaco Jaliobong Dinarawan Kalinawan Overall Remark

1. Pays attention to the water quality of the lake 86 83.62 92.99 96.45 93.41 90.49 P

2. Throwing garbage is prohibited 98 90.86 96.70 96.13 94.55 95.25 P

3. Catching of Tank goby should be banned. 32 29.48 31.34 31.94 31.14 31.18 N

4. Marketing of Tank goby should be banned 26 28.62 37.11 27.74 26.59 29.21 N

5. Water quality must be made public 98 93.28 98.35 100 92.73 96.47 P

6. Residents should be involved on protecting the 
lake

99 94.48 97.53 100 93.64 96.93 P

7. There is no apparent problem observed in the lake. 91 88.10 91.34 91.94 90.68 90.61 P

8. Maintenance of water quality is a responsibility 
of the LGU.

99 93.79 98.35 98.71 97.27 97.43 P

9. Lake waste management needs to be improved. 99 95.17 97.53 100 98.41 98.02 P

10. The LGU are taking their part to improve lakes 
water quality.

100 84.66 72.37 98.39 92.73 89.63 P

Rating per domain 82.80 78.21 81.36 84.13 81.11 81.52 P

Overall remark P P P P P

Rating 61-100 = Positive (P); 41-60 = Undecided (U); 20-40 = Negative (N) 
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The main actors in the LMDA are the Provincial 
Governments of Surigao del Norte and Agusan del 
Norte and their member municipalities (de Jesus
et al. 2014) plus selected government line
agencies: Local government units (LGUs), 
government line agencies (GLAs) and civil 
society organizations (CSOs) which has common 
grounds of maintaining sustainable development 
by cooperating towards the safeguard and upright 
improvement of Lake Mainit to eliminate potential 
destructive contributors (Natad 2018).
 Moreover, the establishment of Lake Mainit 
as a Key Biodiversity Area (KBA) through the 
DENR-Caraga aims to establish the lake and its 
terrestrial as a protected zone housing rich flora 
and fauna and indigenous communities. Although 
the participatory method was not the main focus 
of the current survey, it explored the community's 
involvement in the planning and implementing 
of community policies. The attitude of the 
respondents is rooted in their actual experiences as 
residents of the lake. According to Asena (2014), 
people's attitudes toward resource management 
are influenced by land-use patterns and where 
they reside. Hence, economic factors, as well as 
educational background, is vital for conservation. 

Practices of respondents
 From the five lakeshore communities surveyed, 
most of the population from Magtiaco and 
Jaliobong has little direct involvement and daily 
interactions with the lake. Most residents reside 
upland and are distant from the lake. Considering 
the area's susceptibility to flooding, inhabitants 
of Magtiaco, Jaliobong, and Kalinawan prefer to 
settle upland to evade frequent flood problems that 
often damage homes and livelihoods. Residents 

from these sampling areas do not have the 
privilege to go for a swim, fishing, picnic, or for 
any recreational purposes to enjoy the scenic view 
of the lake. However, they are still consumers of
G. giuris and C. striata. Only those involved in 
fishing are likely to have a definite interaction with 
the lake, including its family members. Respondents 
of Tagbuyawan, Dinarawan, and Kalinawan had 
a closer relationship and daily interactions with 
the lake. The setting provided much more reliable 
information about lake utilization, the population of 
G. giuris and C. striata, and endeavors contributing 
to pollution with what they experienced daily. 
These are reasons why the Magtiaco and Jaliobong 
domains' overall remarks fall into the VR 
rating—20.34% and 20.65%, respectively (Table 4).

Relationship between KAP, socio-demographic 
and economic profile
 Analysis showed that as the respondent 
gets older, their knowledge of the distribution, 
biological characteristics, collection, and marketing 
of G. giuris and C. striata also increases. This 
affinity exhibited a significant relationship 
among the variables (Table 5). According to 
Brod and Shing (2022), it has long been assumed 
that increases in the amount of knowledge 
improve with age—that knowledge grows during 
maturation and is often well preserved in old age. 
Moreover, if the respondent is a fisherman and is 
self-employed, the probability of having positive 
knowledge of distribution, biological characteristics, 
collection, and marketing of G. giuris and C. 
striata, and this relationship suggested significance 
(Table 5). This could indicate that fishermen better 
understand the lake's resources and are most aware 
of the nature of the disturbance since they are mostly 

Table 4. Practices of respondents on lake utilization, preservation and marketing of G. giuris and C. striata
Statements Tagbuyawan Magtiaco Jaliobong Dinarawan Kalinawan Overall Remark

1. Getting water from the lake for various purposes. 25 20 20 27.10 21.82 22.78 R

2. Bathing in the lake. 26 20.69 20 43.23 22.73 26.53 R

3. Throwing garbage in the lake 20 20 20 20 20.91 20.18 VR

4. There is a weekly income from the lake. 42 20.69 22.68 41.29 23.86 30.10 R

5. Used for recreational activities 25 20.52 20 37.10 21.59 24.84 R

6. Participates in activities related to Lake Mainit 
care.

32 20.17 21.24 46.77 23.41 28.72 R

Rating per domain 28.33 20.34 20.65 35.91 22.39 25.53 R

Overall remark R VR VR R R

Rating: 0.81-1= Always (A); 0.61-0.80 = Very frequently (VF); 0.41-0.60 = Occasionally (O); 0.21-0.40 = Rarely (R); 0.0-0.20 = Very Rarely (VR) 



Journal of Ecosystem Science and Eco-Governance Vol. 4, No. 2 | December 2022

16

affected by any environmental pressure. As part 
of the respondents' indigenous knowledge, their 
perception and understanding of anthropogenic 
activities involving freshwater fish biodiversity 
are critical for making and implementing decisions 
and policies related to mitigating these threats and 
managing freshwater fish biodiversity (Amoutchi 
et al. 2021).
 The same observation goes for the number 
of family members within the household. Their 
knowledge also increases as the number in the 
family grows, indicating a significant relationship 
(Table 5). The number of family members within 
a home could affect the household's knowledge 
since knowledge among members is shared within 
the family. However, family size tends to affect 
ability within families. Smaller family sizes tend 
to produce higher IQ, academic achievement, and 
occupational performance than larger family sizes, 
producing lower academic performance (generally 
low level of knowledge) (Wagner et al. 1985). 
The survey also shows no significant relationship 
between education and respondents' knowledge 
(p-value= 0.27). 
 Evaluating attitude is very important since 
it is interconnected with an individual's general 
evaluations on issue awareness, values, beliefs, 
and testimonies (Lavrakas 2008), reflecting 
whether persons like or dislike (Wolf et al. 2020). 
An individual's attitude is often interrelated 
with the duration to which they are exposed, for 
instance, with the culture in the area (Petty 1996). 
More extended periods of exposure to residents 
with specific characteristics greatly influence 
an individual's perception of lake utilization. In 
this study, as the respondent's years of residency 
increase, their attitude toward lake utilization also 
increases (Table 6). Implying that the longer a 
person resides in a particular community, the more 
they consider their attitude toward community 
involvement. According to Chih-Yao (2010), the 
length of residency is directly related to community 
attachment. Thus, their attitude toward participation 
in community activities indicates how strong 
community members feel interconnected and 
how much responsibility they feel to take actions
aimed at solving problems that arise in their 
surrounding environment (Toruczyk-Ruiz and 
Martinovi 2020). The respondents' behavior is 
reflected in their responses and is significantly 
related to the years of residency and the family 

members involved in fishing. Nonetheless,
more than the gathered information from the 
respondents may be needed to grasp the expected 
attitude of the entire station, similar to the study 
of Elvira et al. (2021) on the Laguna de Bay, 
Philippines, residents.
 Moreover, a positive correlation is also 
observed in members involved in fishing (Table 
6). Suppose the number of members engaged 
in fishing increases. In that case, the attitude
toward lake utilization also increases since 
households with family members involved in 
fishing rely on it as their source of income. 
According to Apdohan et al. (2021), this is 
relevant to the community since Lake Mainit offers 
livelihood opportunities (e.g., fishing and farming) 
and food security to the surrounding communities.
 The relationship between sociodemographic 
profile and practices measured the communities' 
actual involvement in the lake. Respondents 
commonly have rare activities towards using the 
lake for recreational purposes, water for bathing 
or income in fishing, and activities that focus on 
the care of lakes. This observation is probably 
associated with the respondent's distance to the lake 
since most of the respondents surveyed are settlers 
from the upland. This explains why their practices 
highly limit their regular involvement in the lake. 
 Practices are significantly related to the number 
of fishing families (Table 7). This suggests that 
if the number of members engaged in fishing 
increases, the attitude toward lake utilization also 
increases. According to Apdohan et al. (2021),
this is relevant to the community since Lake Mainit 
offers livelihood opportunities (e.g., fishing and 
farming) and food security to the surrounding 
communities. Fishermen would likely participate
in activities related to caring for Lake Mainit
because their primary revenue is coming from the 
lake. The number of family members could also 
significantly affect the respondents' responses 
(p-value=0.03; Table 7) since attributes or behavior 
within the household is habitually shared and 
attained through daily interactions between parents 
to children (Kim et al. 2011). However, it had a 
negative correlation, signifying that as the family 
member increases, it would result in harmful 
practices on lake utilization. According to Ng'onga 
et al. (2019), large household sizes negatively 
impact resource utilization since every family 
member must be fed, which might lead to resource 
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that those individuals who belong to this occupation
Furthermore, as the number of household members 
involved in fishing increases, their practices toward 
lake utilization also increase, probably because they 
rely on fishing as their source of income (Apdohan 
et al. 2021; Table 7). Fishermen also play a critical 
part in promoting sustainable fishing practices 
to avoid exploiting the lake's fishery resources.  

4 Conclusion and Recommendations

 This study aimed to assess the Knowledge, 
Attitude, and Practices (KAP) of residents within 
Lake Mainit and determine the factors that drive 
the elicited information dynamics. The results 
indicate that critical dependent variables like age, 
years of residency, nature of work with the study of 
interest, and family members are among the many 
factors that could impact the respondents' responses 
in the survey. Despite governmental authorities' 
ongoing attempts to adopt environmental 
management programs, communities experience 
various environmental and institutional difficulties. 
The result presented in this study will assist all
institutions in developing programs for lake 
monitoring, preservation, and evaluating water 
pollution and help provide information to all 

Table 5. Association of knowledge on the distribution, 
biological characteristics, collection, and marketing of 
G. giuris and C. striata against the socio-demographic 
profile of the respondents from Lake Mainit, Philippines

Variables Coefficient p-value

Sex -.06 0.37

Age .01 0.00

Years of Residency -.00 0.06

Widowed .06 0.60

Live-in .08 0.40

Divorced .02 0.95

Educational Attainment -.01 0.27

Government Employee -.09 0.38

Private Company Employee .64 0.67

Fisherman .28 0.02

Farmer -.15 0.08

Fish Vendor -.30 0.30

Student .12 0.39

Self-employed .19 0.01

# of family members .04 0.00

# of members involved in fishing -.09 0.11

Table 6. Association of attitude towards lake utilization 
and the prohibition of harvesting and selling of G. giuris 
and C. striata against the socio-demographic profile of the 
respondents from Lake Mainit, Philippines

Variables Coefficient p-value

Sex -.02 0.71

Age -.00 0.48

Years of Residency .00 0.01

Widowed -.03 0.72

Live-in .01 0.84

Divorced .12 0.65

Educational Attainment -.00 0.93

Government Employee .05 0.55

Private Company Employee .02 0.85

Fisherman .06 0.49

Farmer -.02 0.78

Fish Vendor .12 0.56

Student -.02 0.84

Self-employed .02 0.71

# of family members -.02 0.08

# of members involved in fishing .10 0.02

Table 7. Association of practices on lake utilization 
against the sociodemographic profile of the respondents 
from Lake Mainit, Philippines

Variables Coefficient p-value

Sex -.00 0.94

Age -.00 0.29

Years of Residency .00 0.49

Widowed .04 0.57

Live-in -.04 0.52

Divorced .31 0.19

Educational Attainment .00 0.65

Government Employee .17 0.02

Private Company Employee .00 0.10

Fisherman .40 0.00

Farmer .02 0.79

Fish Vendor .15 0.45

Student .01 0.94

Self-employed .05 0.30

# of family members -.02 0.03

# of members involved in fishing .34 0.00

exploitation. As also observed, survey participants 
who are also government employees have a more 
in-depth understanding of the importance of 
practices, especially in the conservation of Lake 
Mainit (p-value= 0.02; Table 7). This finding entails 
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institutions that aim to build programs on the 
monitoring and protection of lakes and the 
assessment of water pollution. 
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A B S T R A C T

Invasive anuran species (IAS) threaten the native anuran species as they 
compete for food sources. The diet of the three IAS, Rhinella marina, 
Kaloula pulchra, and Hoplobatrachus rugulosus, were collected from 
different localities in Butuan City. The gut collected from 91 individuals 
of IAS, i.e., R. marina (n=80), H. rugulosus (n=10), and K. pulchra
(n=1) were examined for food items using a dissecting microscope. The 
R. marina had the most recorded prey items, consisting of plant materials, 
pebbles, insects, and reptile-like species, while K. pulchra prefers 
small and slow-moving insects. Hoplobatrachus rugulosus, which also 
preferred insects on their diet, exhibited frog predation. Among the food 
categories, plant materials (56%) had the highest percentage, followed 
by invertebrates (47%), other organic and inorganic materials (12%), 
and vertebrates (1%). Formicidae, Coleoptera, and Odonata have the 
highest percentage among the invertebrate prey types. The assessed 
amphibians feed on locally available prey, generally insects, and suggest 
potential competition for food resources with native anuran populations.
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1 Introduction
   
 The presence of invasive anuran species (IAS) 
competes with native species for essential resources, 
which could lead to the population decline of 
native species (Mayer et al. 2015). According to 
Brown et al. (2013), these introduced species act 
as competitors for food sources and space. IAS 
are voracious predators feeding on a wide array of 
diets, including their juveniles and individuals of 
other native anurans. Invasive anuran species are 
widely dominant in the area compared to native 
species, where their diet mostly overlaps since
both invasive and native anurans prefer the
same habitat with proximity to water bodies 
(Mohanty & Measey 2018). The increasing 
population of invasive anuran species in ecosystems 

was intentional and accidental, initially used
for pest control. Still, countless subsequent 
introductions to other places in the country have 
indeed transpired to the invasion of IAS. Human 
activities such as the commercial production of alien 
species and pet trades also increase the likelihood 
of the successful dispersal of this IAS (Diesmos et 
al. 2006). Urbanized areas in the Philippines, such 
as Davao, and Butuan City, reported a high relative 
abundance of invasive species (Gersava et al. 2020; 
Solania et al. 2020).
 Rhinella marina (Linnaeus 1758), an introduced 
species for pest control (Joshi 2006), is widely 
distributed from Luzon to Mindanao, thriving in 
human-altered landscapes (Diesmos et al. 2015). 

DOI: 10.54610/jeseg/4.2.2022.003
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They are known as generalist feeders (Solania 
et al. 2019); even a skink was recovered from its 
stomach (Jabon et al. 2019). This species switches 
to intensive cannibalism when there is a high 
dry season and a lack of alternative prey, such as 
insects (Pizzato and Shine 2008). Rhinella marina 
possesses a large parotid gland that produces toxins 
and is known to intoxicate its predators, such as the 
case of pit viper (Trimeresurus cf. flavomaculatus) 
that leads to the death of native species through 
lethal toxic ingestion (Dela Cruz et al. 2020).
 Hoplobatrachus rugulosus (Weigmann 1834), 
commercially produced for consumption, and 
Kaloula pulchra (Gray 1831), an introduced species 
for pet trades, are both non-native, ubiquitous, and 
synanthropic species. They inhabit water bodies 
near human settlements, disturbed areas commonly 
encountered during the rainy season (Cruz et al.
2018; Venturina et al. 2020). Hoplobatrachus 
rugulosus is a voracious insectivore, an 
opportunistic feeder, and potentially harmful to 
native and endemic wildlife such as colubrid 
snakes (Calamaria gervaisii) (Diesmos et al. 2006). 
Kaloula pulchra mostly consumes crawling and 
fossorial insects (Gersava et al. 2020).
 These three IAS species, R. marina, H. 
rugulosus, and K. pulchra, were reported inhabitants 
of urbanized areas of the Philippines (Gersava 
et al. 2020; Solania et al. 2020; Salo and Solania 
2022). The opportunistic and generalist feeding 

behavior of these IAS enables them to adapt to the 
highly disturbed area (Jabon et al. 2019; Solania 
et al. 2019). However, the dominating presence of 
these IAS has brought consequences, especially 
in competition with native species for food items 
and space. IAS dominates human-altered habitats 
such as Butuan, a highly urbanized city in Caraga 
Region, Philippines. Some localities still need more 
information on invasive anurans species for their 
diet preference. This study describes the dietary 
preference of alien invasive anurans in urban 
and residential areas of Butuan City, Philippines.

2 Materials and Methods

The study area and collection of samples 
 Before collecting amphibians, a Wildlife 
Gratuitous Permit (R13-2021-21) was secured 
from the Department of Environment and Natural 
Resources Regional Office XIII (DENR-RO13). 
The samples were obtained from three barangays 
in Butuan City, Agusan del Norte, Philippines.
Butuan City is a coastal, highly urbanized area in 
the Caraga region. It is the region's commercial, 
industrial, and administrative center, with a 
population of 372, 910 as of 2020 and an area size 
of 81, 662 hectares located in the northeastern part 
of the Agusan valley, Mindanao (Mapa, 2021).
(Figure 1). The mapping of plots in each sampling 
site was obtained through Arcmap.

Figure 1. Map showing the sampling sites of selected barangays of Butuan City,
Agusan del Norte, Philippines.
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 Site 1 was located in Brgy. Libertad 
(8°56'55.0"N and 125°30'44.9"E) an urbanized 
barangay with many commercial buildings, 
subdivisions, public markets, schools, hospitals, 
and a few agricultural areas. Site 2 was situated in 
Brgy. Tungao (8°46'47.6"N and 125°30'40.0"E), 
a small rural barangay and an agroforestry site.
It is characterized by vegetation that includes 
falcata (Paraserianthes falcataria), rubber tree 
(Havea brasiliensis), coconut (Cocos nucifera), 
rambutan (Nephelium lappaceum), and lanzones 
(Lancium parasiticum). Site 3 area was in Brgy. 
Masao (9°00'10.2"N and 125°29'23.0"E), is a 
coastal area with human settlement, beach resorts, 
and an adjacent river system.
 Within each barangay, extensive and 
opportunistic sampling was conducted to 
collect invasive anurans from 7:00 to 9:00 P.M., 
using handling equipment such as gloves and 
wooden sticks, then placed inside a net bag
(DENR-BMB 2017; Jabon et al. 2019).
In the agricultural area of Brgy. Libertad (site 
1) sampling was conducted on October 29 and 
November 5, 2021. In site 2, the agroforest 
of Brgy. Tungao collection of samples was 
from February 6 to 8, 2022, and in the 
residential area of Brgy. Masao (site 3), the 
sampling was conducted from February 18 to 
24, 2022. Available taxonomic keys, published 
articles, and other online sources were utilized
for identifying the captured invasive anurans 
(Solania and Gamalinda 2018; Diesmos et
al. 2015).

Gut content analysis
 The methods of Jabon et al. (2019) were 
employed in this study to document the diet 
composition of collected IAS. Individuals were
first pithed to immobilize. Pithing is a
technique used to destroy the brain and is relatively 
painless to the frog (Back et al. 1915). Samples 
were then eviscerated by opening a longitudinal 
incision from its snout to the vent, and internal 
organs were collected. The stomach and intestine 
were sliced open with sharp blades and a 
scalpel until the contents were easily collected. 
 Each prey item was examined under the 
dissecting microscope to identify the diet of 
IAS. Food items were classified based on 
their taxonomic classification (Thyssen 2009; 
Almeria and Nuñeza 2013) and categorized into 

four food categories; invertebrate, vertebrate,
plant materials, and organic and inorganic 
materials (Solania et al. 2019). Items 
such as ants, beetles, cockroaches, and 
other invertebrate prey were categorized
under invertebrates, while vertebrate preys, 
including its bones and other body parts remnants, 
were also grouped. Plant fragments, such as 
leaves, flowers, fruits, and twigs, were considered 
plant matter. Plastic fragments, pebbles, feathers,
and hair strands were categorized as inorganic and 
organic materials. 
 The Frequency of Occurrence (FOO) was 
utilized to identify every rate of identified food
items that appeared per stomach of IAS and to 
evaluate the frequency of food items in every 
stomach with content analysis. The FOO is 
calculated as:

 The food items were categorized into “c” as 
constantly occurring (>50% total stomachs per 
species); “s” as secondary (25-50% total stomachs 
per species), and “a” for accidental (<25% total
per stomach species) (Jabon et al. 2019).
 The Degree of Food Preference (DFP) 
index was used to deduce the consumption of a
particular food item from the counted gut
components (Braga 1999 as cited in Jabon et al. 
2019). Food items were ranked by categories
1 to 4. The maximum value was four (4)
when only one food group was present in the
stomach; three (3) as the most abundant if
more than one food group was obtained; two 
(2) to secondary; and one (1) to the occasional 
occurrence of the food item. Food items were
then categorized as highly preferential 
(3<DFP<4), preferential (2<DFP<3), secondary 
(1<DFP<2), and occasional (0<DFP<1) (Jabon 
et al. 2019). The DFP was calculated using the
formula: 

 where, Si  is the sum of values given to food 
items in the guts, and N is the total number of guts 
of each species analyzed. 
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3 Results and Discussion

Frequency of Occurrence and Degree of Food 
Preference
  
 Gut content analysis (Table 1) was performed 
to identify the frequency of occurrence and degree 
of food preference in the 91 individuals of the three 
alien invasive anuran species, namely, Rhinella 
marina (N=80), Hoplobatrachus rugulosus (N=10), 
and Kaloula pulchra (N=1) collected in urban and 
residential areas of Butuan City (Figure 2) from 
October to November 2021, and February 2022.

 Invertebrates were frequently occurring 
in the examined IAS. R. marina consumed all 
food items, which varies from the commonly 
occurring Formicidae (FOO=54%), Coleoptera 
(FOO=30%), Polydesmida (FOO=11%), Blattidae 
(FOO=10%) to less common food items such as 
Vespidae (FOO=6%), Gastropoda (FOO=6%), 
Spirobolida (FOO=2%), and Odonata (FOO=1%). 
H. rugulosus consumed four food items such as 
Formicidae (FOO=4%), Coleoptera (FOO=2%), 
unidentified insect fragments (FOO=2%), Odonata 
(FOO=1%) and Anura (FOO=1%). The K. pulchra 
only consumed food items such as Formicidae 

Table 1. Frequency of occurrence (FOO; expressed as %) and Degree of Food
Preference (DFP) of gut contents in the collected invasive anuran species from the
three selected barangays of Butuan City, Philippines.

Diet category
Rhinella marina

N = 80
Hoplobatrachus rugulosus

N = 10
Kaloula pulchra

N = 1

FOO DFP FOO DFP FOO DFP

Invertebrates

 Class Diplopoda

    Order Spirobolida 2a 0.03o

    Order Polydesmida 11a 0.1o

 Class Insecta 2a 0.2o

    Order Hymenoptera

       Family Vespidae 6a 0.1o

       Family Formicidae 54c 0.6o 4a 0.4o 1a 1s

    Order Diptera

       Family Muscidae 2a 0.02o

       Family Drosophilidae 1a 0.01o

    Order Blattodea

       Family Isoptera 4a 0.05o

       Family Blattidae 10a 0.2o

    Order Coleoptera 30s 0.3o 2a 0.2o

    Order Hemiptera 7a 0.1o 1a 1s

    Order Orthoptera

       Family Gryllotalpidae 6a 0.07o

       Family Acrididae 1a 0.01o

    Order Odonata 1a 0.01o 1a 0.1o

    Order Lepidoptera

       Family Noctuidae 9a 0.1o

       Family Crambidae 9a 0.1o

 Class Gastropoda 6a 0.1o

Note: FOO: Constant (c): >50%; Secondary (s): 25-50%; Accidental (a): <25%; DFP: hp-highly Preferential (3<DFP; p- preferential 
(2<DFP<3); s-secondary (1<DFP<2); o-occasional (0<DFP<1).
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Figure 2. (a) Agricultural land; (b) creek near a human settlement in agroforest, and (c) residential 
were the habitat types of the three invasive anuran species, namely (d) Rhinella marina,
(e) Hoplobatrachus rugulosus, and (f) Kaloula pulchra.

Continuation Table 1. Frequency of occurrence (FOO; expressed as %) and Degree
of Food Preference (DFP) of gut contents in the collected invasive anuran species
from the three selected barangays of Butuan City, Philippines.

Diet category
Rhinella marina

N = 80
Hoplobatrachus rugulosus

N = 10
Kaloula pulchra

N = 1

FOO DFP FOO DFP FOO DFP

Vertebrates

 Class Reptilia 1a 0.01o

 Class Amphibia

    Order Anura 1a 0.1o

Plant matters

    Leaves 71c 1s 5a 0.5o

    Flowers 3a 0.04o

    Twigs 8a 0.2o

    Fruits 26a 0.3o 7a 0.6o

(In)organic materials

    Pebbles 46s 0.5o 1a 1s

    Plastic 3a 0.03o

    Feather 12a 0.14o

    Hair strand 8a 0.1o

Note: FOO: Constant (c): >50%; Secondary (s): 25-50%; Accidental (a): <25%; DFP: hp-highly Preferential (3<DFP; p- preferential 
(2<DFP<3); s-secondary (1<DFP<2); o-occasional (0<DFP<1).
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(FOO=1%) and Hemiptera (FOO=1%). Hence, 
examined IAS are insectivorous, consuming 
different species of Formicidae, Coleoptera, and 
Hemiptera. 
 There were various food items found in the 
stomach of invasive anuran species, such as ants, 
beetles, millipedes, mole cricket, plant materials, 
birds’ feathers, pebbles, frogs, and reptile-like 
species. It indicates that anurans are known for their 
generalist feeding behavior that consumes a wide 
range of invertebrate prey (Apayor-Ynot 2017).
 The recorded prey items for R. marina might 
be because these species are highly tolerable to all 
environmental pressures and are the most widespread 
invasive species. They can adapt to habitats with 
high anthropogenic activity or highly disturbed 
habitats. The occurrence of reptile-like species in 
the diet of R. marina was observed. However, it is 
common to observe this in many anurans (Blanco-
Torres et al. 2021). The consumption could be due 
to the inability of toads to distinguish between 
reptile-like and other arthropods such as annelids 
and myriapods. Reptile-like species, such as blind 
snakes, being fossorial, are occasionally seen on 
the surface, usually only at night and after rain 
(Döring et al. 2017). Rhinella marina consumes any 
available food items in the environment.
The relatively short jaws and a shorter feeding
cycle of K. pulcra (Jabon et al. 2019) could
explain why it prefers small and slow-moving prey 
such as ants.
 The diet of H. rugulosus primarily consists of 
small insects and has the most remarkable record 
of the prey item. A whole frog was found in the 
stomach of one of the H. rugulosus collected from 
the agroforest habitat of Brgy. Tungao. Nonetheless, 
the recovered frog from the stomach was no longer 
identified as it was already partially digested. 
The occurrence of frogs in the diet is known as 
anurophagy, frog-eat-frog predation that constitutes 
cannibalism behavior (Caicedo-Martinez et al. 
2021). In Eastern Nepal, frog predation events 
by Hoplobatrachus spp. were observed (Gautam 
& Bhattarai 2020) because frogs are known as 
generalist predators consuming a wide range of 
prey, including other frogs. The species diversity 
could influence this in habitat, invasiveness of 
anuran, and body size (Measy et al. 2015 as cited 
by Gautam & Bhattarai 2020). This event may
have significantly influenced the declining 
population of native anurans. 

Percentage of diet categories of invasive anuran 
species
 A high percentage of plant materials (56%), 
such as fruits, twigs, and flowers, were recorded 
in all samples, followed by invertebrates or the 
insect food category (31%). The Formicidae and 
Coleoptera were the most frequently encountered 
insect food item. Inorganic and organic food 
categories (12%), such as pebbles, feathers, hair 
strands, and plastic fragments, were ranked third 
in occurrence. The vertebrates were the least food 
group recorded from the samples, including a frog 
and reptile-like species. Although the ingestion of 
plant materials was frequent, this food category 
is considered incidental because anurans are
known to be opportunistic feeders that prey on 
any smaller organism that is present in their line 
of vision. Thus, they are considered insectivores 
and carnivores (Ynot et al. 2017; Browne 2009 
and Toft 1995, as cited by Salo and Solania 
2022). However, a new study suggests that 
they are generalist species organisms (Salo and 
Solania 2022). Another reason is the interaction 
of several invertebrates with plants, which may 
also apply to ingesting small stones or pebbles.
Consuming plant materials may aid in eliminating 
parasites by providing an additional water source to 
avoid desiccation (Gersava et al. 2020).

Invertebrate diet among the three invasive anuran 
species
 The feeding behavior of anurans can be ant 
specialist and non-ant specialist (Toft 1980).
The ant specialists are poisonous and active 
forager anurans that feed on numerous small prey. 
In contrast, the non-ant specialists are cryptic,
sit-and-wait foragers that feed on a few large preys. 
The wide prey range, shared habitat, and ideal 
time of activity (Santos et al. 2004) are some of 
the reasons why there is a similarity in the diet of 
invasive anuran species in the present study.
 Among the insect food items, Formicidae, 
Hemiptera, and Gryllotalpidae (Figure 3) were 
the commonly observed diets of the three IAS. 
Formicidae, one of the abundant insect families, 
are social insects that usually navigate in groups 
known as colonies. They dwell in soils, leaf litter 
inhabitants, and some are associated with plants 
(Lopes et al. 2017). This behavior and characteristic 
of ants and the foraging feeding behavior of
IAS may be one reason for having dominant 
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invertebrates in their diets. The large arthropod 
population in the tropical region and the
sit-and-wait foraging strategy of invasive anuran 
species (Gersava et al. 2020) results in the portion 
of ants, beetles, and mole crickets in the diet of IAS 
in this study.

4 Conclusion and Recommendations

 The diet analysis showed that Rhinella marina, 
Hoplobatrachus rugulosus, and Kaloula pulchra 
are insectivore species with a diet that primarily 
consists of insects. This study also showed that 
R. marina is a generalist feeder consuming the 
most insect food items, plant materials, inorganic 
materials, and a reptile-like species. Several 
unidentifiable insect fragments were recovered 
from the examined guts of IAS. These results 
suggest that these invasive anuran species present 
one of the many underlying threats to native 
wildlife regarding prey availability. The findings 
of this study could be used to understand IAS's 
ecology and dietary preference. 
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A B S T R A C T

Marine benthic macrophytes are a good indicator of heavy metal 
contamination along coastal ecosystems. Heavy metal contamination 
in the aquatic environment is one of the major environmental issues 
these days. The study aimed to assess the diversity of marine benthic 
macrophytes, quantify, compare, and correlate heavy metal concentration 
in terms of Iron (Fe), Lead (Pb), Cadmium (Cd), Chromium (Cr), and 
Nickel (Ni) present in Thalassia hemprichii among selected sampling 
stations in Cagdianao, Claver, Surigao del Norte, Philippines. Triplicate 
samples were collected from the six marine sampling stations and 
analyzed using Atomic Absorption Spectrophotometer. Thirty-seven 
species of submerged marine benthic macrophytes belonging to 
15 families were recorded. The results of the heavy metal analysis 
revealed that accumulations of heavy metal in the above-ground tissues 
of T. hemprichii (leaves) were much higher than in below-ground 
tissues (rhizomes). Iron, Nickel, and Chromium concentrations were
significantly different in every location, both in leaves and in rhizomes. 
Generally, the heavy metal uptake sequence in T. hemprichii leaves, and 
rhizomes were Iron>Nickel>Chromium>Lead>Cadmium. Also, there 
was no particular pattern of accumulation of each heavy metal being 
analyzed across study stations. Concentration patterns of heavy metals
in T. hemprichii significantly differed depending on plant tissue and 
sampling sites. These findings suggest that further studies should be 
conducted to know the source of trace elements, especially for Chromium 
in the seagrass tissues. 
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1 Introduction
 
 Environmental contamination threatens a lot of 
marine organisms. It affects the ecosystems directly 
through industrial waste (Marcovecchio et al. 1994), 
mining, and smelting of metalliferous ores (Peng et 
al. 2008). Plants usually absorb elements from the 
soil, some are significant, but others are toxic even 

at low concentrations (Videa et al. 2009). Since 
plants form the baseline of the food chain, that is, 
by making their food through photosynthesis, it is 
vital to give attention to the possibility that specific 
toxic elements might be transported to higher strata 
of the food chain.
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 Seagrasses are marine flowering plants capable 
of reproducing even when submerged completely 
in seawater (Govindasamy et al. 2010; Orth et 
al. 2006). Globally there are 50-60 species of 12 
genera and four families (Al-Bader et al. 2014; 
Larkum et al. 2006; Green and Short 2003). In the 
Philippines, 16 seagrass species were identified, 7 
of these species are common (Vermaat et al. 1995), 
and among these species, Thalassia hemprichii 
were highly distributed throughout the Philippines 
(Rollon et al. 2001). Marine macrophytes were not 
just critical elements in coastal nutrient cycling in 
coastal areas. Sometimes, they also increased the 
availability of toxic substances to consumers of 
higher trophic levels, such as sea turtles and cows 
(Hoenlinger and Schlacher 1998; Thangaradjou et 
al. 2010). 
 Heavy metal contamination in the aquatic 
environment is one of the significant environmental 
problems in developing countries, knowing their 
effect on the health and reproductive capability 
of many organisms, including marine benthic 
macrophytes and invertebrates (Factor and 
Chavez 2012). By definition, heavy metals refer 
to any metallic element with a relatively high 
density and are toxic or poisonous even at low 
concentrations (Lenntech 2004; Duruibe et al. 
2007). It occurs naturally in the earth's crust and 
common environmental contaminants because 
they cannot be degraded or destroyed (Duruibe et 
al. 2007). Environmental pollutants, such as heavy 
metals, are very prominent in mining areas. These 
metals were eventually leached out in sloppy areas, 
carrying acid water downstream and running off to 
the sea. Thus, it threatens the economically crucial 
marine biodiversity. Losses of living organisms in 
freshwater and marine environments, including 
seagrass, have been recorded in recent years 
(Alberto et al. 2015). Accordingly, this is due to 
natural circumstances such as floods, cyclones, 
high-energy storms, or disease. In most cases, it is 
also linked to anthropogenic inputs like industrial 
and agricultural runoffs, oil spills, mining, coastal
aquaculture, and boating activity in the local 
community (Duruibe et al. 2007; Alberto et al. 
2015). 
 Removal of heavy metals from water and 
soil could be done using some plant species or 
‘bioindicator species' found in contaminated areas 
(Vardanyan et al., 2008; Pajevic et al., 2003). 
The unique morphological and physiological 

characteristic of plants makes them a good indicator 
in studying heavy metal concentration (Pajevic et 
al. 2003; Govindasamy et al. 2010). Seagrass, as a 
bio-indicator, has high phytoremediation potential, 
is plant-based, and is an environment-friendly 
solution to heavy metal contamination (Alberto et 
al. 2015).
 The Philippines is considered one of the world's 
wealthiest countries regarding mineral deposition 
like nickel, gold, and copper (Aytin 2014). Metal 
mining and processing activities inevitably increase 
the risk of toxic heavy metal contamination in 
the marine environment (Davis et al. 2000). 
Assessment of heavy metal concentration in the 
marine environment was possible by using specific 
indicators such as seagrass or algae (Thangaradjou 
et al. 2010). Seagrass bed and heavy metal pollution 
in coastal areas have been studied well, but little is 
known about heavy metal accumulation in seagrass 
along Claver, Surigao del Norte, Philippines. 
Claver, on the northeast coast of the Caraga Region 
in Mindanao, lies a large mining reservation area 
because of its potential in mineral deposits like 
nickel and iron. It is primarily a mining town 
making it one of the primary sources of livelihood 
aside from fishing, farming, and trading among 
residents.   

2 Materials and Methods

Description of Study Area 
 The municipality of Claver is located in the 
northeast part of the Caraga Region (Figure 1). 
It is approximately 200 kilometers away from 
Butuan City, the region's capital. Claver is a first-
class municipality in Surigao del Norte with a total
land area of 323 km2. Claver belongs to climatic 
type II, which has no pronounced dry season with 
a maximum rain period from November to March. 
 Triplicate samples were collected from the six 
sampling stations in Cagdianao, Claver Surigao 
del Norte, Philippines. The first study station was
located about 10 km far from the community with 
visibly disturbed water due to coastal runoffs such 
as silts. Study station 2 was characterized by rocky, 
rubble to fine sediment. This station was slightly 
away from the local community and somewhat 
isolated. Station 3 was 300m away from Station 4 
with rubble to fine sediment. Station 4 was located 
near the community and river opening. Portions 
were affected by boating activities. This station 
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also has sandy substrate and moderate water current 
since this area receives direct runoff from upstream. 
Stations 5 and 6 were located at White Sand Island 
in Taganito, Claver, Surigao del Norte. Generally, 
Cagdianao bay was characterized by rocky, 
rubble to fine sediment, and some portions were 
accumulated with silt, especially at the study station 
1 area. Data collection was done using goggles and 
snorkeling. All marine plants gathered in the field 
were preserved temporarily in an ice chest. 

Diversity of Marine Benthic Macrophytes
 Species list, distribution and estimated 
abundance of marine benthic macrophytes 
were obtained from the four shallow stations in 
Cagdianao, Claver, Surigao del Norte, Philippines. 
Data were collected following the Aquatic Plant 
Monitoring and Assessment Methods of AERF
by Madsen and Wersal (2012) with some 
modifications. Identification of seaweeds was made 
using taxonomic references such as Zawawi et. al. 
(2015), Silva et al. (1987), Verbruggen et al. (2005), 
Ganzon-Fortes (2012), Trono (1988), Hurtado-
Ponce et. al. (1992).
  
Heavy Metal Analysis in Thalassia hemprichii 
tissue
  Thalassia hemprichii is the most abundant 
seagrass species in Claver Bay. Hence, it was
chosen for heavy metal analysis. Healthy and

mature seagrass were collected from the coastal
areas of the four sampling stations. Samples were 
placed separately in sealed polythene bags and 
transported to the laboratory, keeping them in an 
icebox. Samples were washed with distilled water 
and separated above-ground tissues (leaves) and 
below-ground tissues (rhizomes and roots). It was 
then oven-dried at 105°C and pulverized using 
mortar and pestle. 
 Moreover, 250mg of pulverized seagrass
samples were digested with 2M HNO3 (Say et al. 
1990; Govindasamy et al. 2010). Samples were 
filtered, added with distilled water made up to
25ml, and stored in a clean polythene bottle. 
Heavy metal concentrations were analyzed using 
Perkin-Elmer (Model 373) Atomic Absorption 
Spectrophotometer results were expressed as µg 
metal g-1 for seagrass tissues. 

Statistical Analysis
 Two-way ANOVA and Tukey's multiple 
comparisons tests (Graphpad PRISM 7) were done 
to analyze the significant difference between the 
heavy metal concentration of Thalassia hemprichii 
tissues and the study stations where it was collected. 
Standard deviations were expressed by using 
Graphpad PRISM 7 and Paleontological Statistics 
Software (PAST). Diversity indices (dominance, 
Shannon-Weiner index, and evenness) were also 
calculated using PAST. 

Figure 1. Map showing the six study stations in Cagdianao, Claver, Surigao del Norte, 
Philippines.  
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3 Results and Discussion

Marine Benthic Macrophytes Diversity
 Thirty-seven species of submerged marine 
benthic macrophytes belonging to fifteen families 
were recorded from selected shallow waters of 
Cagdianao, Claver, Surigao del Norte, Philippines 
(Table 1 and 2). Most of the collected seaweeds 
were from Division Chlorophyta, while eight 
species were collected from Division Rhodophyta. 
The least number of seaweeds were from 
Division Phaeophyta. For seagrass from phylum 
Tracheophyta, five out of nine collected species 
were under the family Cymodoceaceae. 

 The most ubiquitous species were Thalassia 
hemprichii and Padina sp., which are present in 
all stations (Table 3). Dictyosphaeria sp., Udotea 
geppi, and Halophila minor were the least frequent 
species. In comparison, data collected shows an 
increase in diversity indices in year two. In all study 
sites, the distribution of marine benthic macrophytes 
has yet to be fully documented. These species' 
diversity, abundance, and survival highly depended 
on the degree of fluctuation of environmental 
conditions in the coastal zone (Al-Bader et al. 
2014). The Cagdianao coast was generally shallow 
due to its flat and rocky topography; evaporation 
plays a significant role in salinity fluctuations. 

Table 1. Division, Family, and Species of seaweeds collected from shallow coastal
areas of Cagdianao, Claver, Surigao Del Norte, Philippines

Division Family Species

Chlorophyta

Udoteaceae Avrainvillea erecta (Berkeley) A. and E.S. Gepp, 1911

Udotea geppii Yamada, 1930

Halimedaceae Halimeda macroloba Decaisne, 1841

Halimeda opuntia (Linneaus) Lamouroux, 1816

Neomeris sp.

Dasycladales Bornetella sphaerica (Zanard.) Solms-Laubach, 1892

Ulvaceae Enteromorpha clathrata (Roth) Greville, 1830

Ulva intestinalis Linnaeus , 1753

Cladophoraceae Chaetomorpha linum (O.F.Muller) Kutzing, 1845

Boergesenia forbesii (Harvey) J. Feldmann

Siphonocladaceae Dictyosphaeria sp.

Phaeophyta Dictyotaceae Padina minor Yamada, 1925

Padina sp. 

Sargassaceae Sargassum cristaefolium C. Agardh, 1820

Sargassum paniculatum J. G. Agardh, 1824

Sargassum polycystum C. Agardh, 1824

Sargassum sp.

Dictyopteris jamaicencis W. R. Taylor, 1960

Dictyota dichotoma

Rhodophyta Solieriaceae Eucheuma denticulatum (Burman) Collins and Hervey, 1917

Kappaphycus alvarezii (Doty) Doty, 1988

Gracilariaceae Gracilaria salicornia (C. Agardh) Dawson, 1854

Gracilaria sp. 1

Gracilaria sp. 2

Rhodomelaceae Laurencia papillosa (Forsskal) Greville, 1839)

Corallinaceae Amphiroa foliacea J.V. Lamouroux, 1824

Lomentariaceae Ceratodictyon spongiosum Zanardini, 1878
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Table 2. Phylum, Family, Species and IUCN status of seagrass collected from shallow coastal areas of 
Cagdianao, Claver, Surigao Del Norte, Philippines

Phylum Family Species IUCN status Current Population Trend

Tracheophyta Cymodoceaceae Cymodocea rotundata least concern stable

Cymodocea serrulata least concern stable

Halodule pinifolia least concern decreasing

Halodule uninervis least concern stable

Syringodium isoetifolium least concern stable

Tracheophyta Hydrocharitaceae Enhalus acoroides least concern decreasing

Halophila minor least concern unknown

Halophila ovalis least concern stable

Thalassia hemprichii least concern stable

Table 3. Distribution of seagrass by location. Species code: CR= Cymodocea rotundata,
CS= Cymodocea serrulata, HP= Halodule pinifolia, HU= Halodule uninervis, SI= 
Syringodium isoetifolium, EA= Enhalus acoroides, HM= Halophila minor, HO= Halophila 
ovales, TH= Thalassia hemprichii.

Year Location FAMILY/SPECIES

Cymodoceaceae Hydrocharitaceae

2015 CR CS HP HU SI EA HM HO TH

Panyug / * / / / / * / /

Cagdianao / * * * / / * * /

Station 3 * / * / * * / * /

Sabang / * / * / / * / /

2016

Panyug / / / / / / / / /

Cagdianao * * * * * * * * /

Station 3 / / / / / / * / /

Sabang / / / / / / / / /

Legend: / present; * absent

The exposure of seagrass beds in Panyug was less 
where the intertidal area was enclosed in a steep 
cove; hence low tide does not expose large areas.
Destruction by temperature, salinity, and 
evapotranspiration may affect the diversity 
and shoot density, particularly in Cagdianao. 
Topography, sediment type, and the constant 
influx of freshwater from river opening in Sabang 
influence the increase of diversity and abundance 
of marine benthic macrophytes. Seagrass 
rhizomes and roots prefer penetrating in sandy 
sediments creating more pore spaces (Al-Bader 
et al. 2014). The presence of rocky substrate at 
Cagdianao appears unfavorable for other seagrass 
species’ growth, reproduction, and development. 
 Anthropogenic inputs such as deforestation 
in the mainland, mangrove destruction, road 
construction, mining operations, sediment discharge 

anchorage, and other boat activities are some major 
threats in Claver, Surigao del Norte, Philippines.
As a result of these activities, sediment loads near 
the seagrass beds, especially in Panyug, increases; 
thus, the amount of light reduces because of
siltation. Samples from six study stations were 
analyzed for the levels of Nickel (Ni), Lead (Pb), 
Cadmium (Cd), Chromium (Cr), and Iron (Fe). The
concentrations of these heavy metals were 
determined in above-ground tissues (leaves) and 
below-ground tissues (rhizomes & roots) at each 
site (Figure 4). Levels of heavy metals in leaves and 
rhizomes vary among stations. The highest recorded 
heavy metal concentrations in plant tissue were 
measured in above-ground tissue (2855±470.65 
mg/kg DW Iron). Fe was the highest contaminant, 
followed by Ni 79.5±6.39 mg/kg DW, Cr 34.6±8.78 
mg/kg DW, Pb 5.4±2.40 mg/kg DW and Cd with 
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3.07±0.933 mg/kg DW respectively. Results
showed that study station 1 got the highest level 
of Fe, Ni, and Cd among all areas. All were from 
above-ground tissues. For the accumulation of
Pb, it was observed that study station 3 was the 
highest. In the case of Cr, leaves from study station 
4 showed the highest values. Different patterns 
were observed between leaves and rhizomes in 
all heavy metals studied. The metal content of
the rhizomes was almost always lower in every 
station and metal analyzed.
 Iron, Nickel, and Chromium concentrations 
were significantly different in every location, both 
in leaves and in rhizomes (Table 5. coefficient 
variation of 95%). Two-way ANOVA revealed no 

significant difference in Pb and Cd in different study 
stations. The lowest Cd accumulations in rhizomes 
(1.45±0.33mg/kg DW) was recorded from study 
station 5. Tukey’s multiple comparison tests in Fe 
showed a significant difference between leaves in 
station 1 and leaves in station 5 (p<0.01; 0.0097), 
leaves in station 1 and rhizomes in station 5 (p<0.01; 
0.0072), leaves in station 1 and rhizomes in station 
6 (p<0.01; 0.0036), leaves in station 4 and leaves in 
station 5 (p<0.01; 0.0351), leaves in station 4 and 
rhizomes in station 5 (p<0.01; 0.0264), and leaves 
in station 4 and rhizomes in station 5 (p<0.01; 
0.0137), respectively. 
 Significant differences were also observed in 
Nickel utilizing Tukey’s multiple comparisons 

Figure 2. Diversity indices of submergent marine benthic 
macrophytes at the four study stations in Claver, Surigao del 
Norte, Philippines. 

Figure 3. Thalassia hemprichii, Turtle grass from 
Claver, Surigao Del Norte, Philippines

Table 4. Diversity indices values of submergent marine benthic macrophytes at the 
four study stations in Claver, Surigao Del Norte, Philippines. 

Year Species Richness Abundance Dominance Shannon_H Evenness_e^H/S

2015 19 128 0.13 2.39 0.57

6 59 0.42 1.07 0.48

16 154 0.14 2.21 0.57

7 144 0.24 1.60 0.71

2016 18 183 0.07 2.73 0.85

5 70 0.50 1.02 0.55

12 91 0.09 2.42 0.93

 18 296 0.09 2.59 0.74
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(Table 5). Leaves from station 1 were 
significantly different when compared to 
rhizomes from station 1 (p<0.01; 0.0051), 
rhizomes from station 3 (p<0.05; 0.0120), 
and rhizomes from station 5 (p<0.05; 0.0199). 
Values obtained from leaves at station 4 were 
also significantly different when compared 
to rhizomes from station 1 (p<0.05; 0.0210),
rhizomes from station 3 (p<0.05; 0.0471), and 
rhizomes from station 6 (p<0.05; 0.0409). For 
Chromium, only tissues above ground level 
from station 4 were known to be significantly 
different in comparison with the rhizomes 
from station 1(p<0.01; 0.0088), rhizomes from 
station 3 (p<0.05; 0.0225) and rhizomes from 
station 6 (p<0.05; 0.0361).
 The heavy metal uptake sequence in 
T. hemprichii leaves and rhizomes were 
Iron>Nickel>Chromium>Lead>Cadmium. The 
results were approximate with the study of 
Malea, (1994) accumulation of heavy metals 
in Halophila stipulacea: Fe>Pb>Zn>Cu>Cd. 
heavy metal phytotoxicity was controlled 
by a wide diversity of environmental 
conditions, including water, sediment pH, 
redox potential, phosphorus level, sediment 
cations, water temperature, salinity, and 
organic content (Ralph and Burchett 1998).   
 The accumulation of heavy metal 
concentration in every station is summarized 
from the highest down to the lowest average 
values, as shown in Table 6. Generally, data 
gathered suggest a similar trend in leaves 
and rhizomes from station 1 to station 6. It 
was always Fe> Nickel> Chromium> Lead> 
Cadmium, respectively, except for rhizomes 
in study station 6 (Fe> Ni> Cr> Cd> Pb). In 
contrast, the study's results also revealed that 
there were no particular patterns of accumulation 
in all study stations. The accumulation 
pattern of every heavy metal was as follows: 
Iron 1>4>2>6>3>5, Nickel 1>4>6>5>2>3, 
Chromium 4>6>1>5>3>2, Lead 3>2>1>6>4>5 
and Cadmium 1>3>2>6>5>4. Naturally 
occurring Cadmium levels were extremely low, 
0.01-5mg/kg-1 (Videa et al. 2009). Cadmium 
uptake by plants was reported to be due to the 
electrochemical potential gradient of the plasma 
membrane in the root cells. External factors 
such as Iron concentration can reduce the uptake 
of Cd (Sharma et al. 2004; Videa et al. 2009) 

Figure 4. Heavy metal concentration in Thalassia hemprichii 
tissue (a) Nickel, (b) Lead, (c) Cadmium, (d) Chromium and 
(e) Iron. Error bars indicate the 95% confidence interval of the 
mean (n=3). 
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which explains why the constant pattern of heavy 
metal accumulation (Fe as the highest; Cd as the 
lowest) was observed in every study station both in 
leaves and rhizomes. Videa et al. 2009 reported that 
Lead was considered to have low availability and 
solubility for plant uptake because it precipitates
as sulfates and phosphates, types of chemicals 
found in the plant’s rhizosphere. Lead was known 
to be inhibited in sediment when mixed with 
organic matter, and plants do not have a channel 
for Lead uptake. Principal Component Analysis 
(PCA) in Figure 6 showed that most of the samples 
were gathered on the left side of the plot. Each 
dot in the scatter diagram represents each sample. 
Different accumulations of heavy metals in leaves 
and rhizomes were found (Figures 5 & 6). These 
might be due to the various mechanisms of metal 
binding and regulation depending on plant species 
(Govindasamy et al. 2010).
 T. hemprichii were observed to have the 
ability to form dense, monospecific meadows and 
were widely distributed seagrass species along the 
coast of Claver, Surigao del Norte. For the record, 
T. hemprichii was known to be the dominant 
seagrass species on dead reef flat forms and bottom
sediments with coral sand and coral rubble. In 
addition to that, they could also survive on muddy 
sand or soft mud substrate. Adaptation, through 
time, allows them to have well-developed rhizomes 
that would enable them to hold firmly in a variety
of substratum. The species is morphologically
suited to thrive or even recolonize disturbed areas 
quickly, they were also fast-growing, and their 
seeds were buoyant, allowing wider dispersal by 
water currents and wind (Alberto et al. 2015). 
 Chromium is considered one of the 
environment's most harmful elements (Videa et al.
2009). Above-ground tissues from study station 4 

showed high content of Cr (34.56±8.78 mg/kg). 
Plants store Chromium in their vacuoles (Shanker 
et al. 2005; Videa et al. 2009). Although there was 
no standard reference for the toxicity concentration 
of Chromium, data previously gathered in this 
study suggests that there is potential for these 
metals to bioaccumulation and be transported 
to higher tropic levels through the food web. 
Meanwhile, a similar observation was made
in Nickel and Iron. 
 Study station 1 (Panyug) was located in an 
area where it was not exposed to strong water 
currents like in a cove. A muddy mix of sand 
and silt characterized sediment in this area. The 
topography, occasional rain, and metabolic rates 
of the leaves in the area, possibly leading to a high 
level of element uptake in the above-ground tissue 
of T. hemprichii, may have also contributed to the 
observed variations. 
 Heavy metal availability can be affected by 
water temperature, sediment cation exchange 
capacity, water, sediment pH, redox potential, 
salinity, organic concentration, and other elements 
(Ward 1989; Govindasamy et al. 2010). Heavy 
metals were accumulated in above-ground tissue 
than below-ground tissue. Because of the leave's 
vacuole (site of photosynthesis), energy from 
photosynthesis and oxygen can also trigger the 
active uptake of the element. These variations 
in the heavy metal accumulation in seagrass 
leaves and rhizomes may also be attributed to 
environmental and metabolic levels depending 
on the phonological stages of the sample
(Fujiyama and Maeda 1979; Eide et al. 1980; 
Govindasamy et al. 2010). Concentration patterns 
of heavy metal in T. hemprichii found in the
study area significantly differed depending on plant 
tissue, sampling time, and sampling sites.

Table 5. Mean values ± SE (n=3) of heavy metal accumulation (mg/kg DW) in six Claver, Surigao Del Norte
sampling stations. 
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Table 6. The trend of heavy metal accumulation in Thalassia hemprichii.
Year Species Richness Abundance

1 Fe> Ni> Cr> Pb> Cd Fe> Ni> Cr> Pb> Cd

2 Fe> Ni> Cr> Pb> Cd Fe> Ni> Cr> Pb> Cd

3 Fe> Ni> Cr> Pb> Cd Fe> Ni> Cr> Pb> Cd

4 Fe> Ni> Cr> Pb> Cd Fe> Ni> Cr> Pb> Cd

5 Fe> Ni> Cr> Pb> Cd Fe> Ni> Cr> Pb> Cd

6 Fe> Ni> Cr> Pb> Cd Fe> Ni> Cr> Cd> Pb

Figure 5. Principal Component Analysis (PCA) of heavy metal uptake by T. hemprichii

Figure 6.  The trend of heavy metal uptake in Thalassia hemprichii leaves and rhizomes 
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4 Conclusion and Recommendations
 
 The diversity of marine benthic macrophytes 
and heavy metal concentration in terms of Fe, Pb, 
Cd, Cr, and Ni present in above-ground tissue and 
below-ground tissue of Thalassia hemprichii among 
selected sampling stations in Cagdianao, Claver, 
Surigao del Norte has been determined in the 
present study. Thirty-seven species of submerged 
marine benthic macrophytes belonging to fifteen 
families were recorded.
 Accumulations of heavy metal in T. hemprichii 
in above-ground tissues (leaves) were much 
higher than in below-ground tissues (rhizomes). 
Concentration patterns of heavy metals in T. 
hemprichii found in the study area significantly 
differed depending on plant tissue and sampling 
sites. 
 Further studies on trace elements such as Al, 
As, Mn, Co, and total Hg should be conducted as 
another basis for biomonitoring. Comprehensive 
research should also be conducted to obtain 
concrete results in analyzing the macrophytes as a 
potential indicator of heavy metals in the aquatic 
environment. It would also be imperative to have a 
map showing the concentration of heavy metals in 
a particular area. The present study provides two-
year data on diversity, species composition, and 
heavy metal concentration in T. hemprichii. These 
data may help coastal resource management plan 
to regulate contamination from mining and other 
anthropogenic inputs along aquatic ecosystems of 
Cagdianao, Claver, and Surigao del Norte.
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 Grasslands are one of the world's major 
ecosystems, covering almost one-third of the
Earth's terrestrial surface (Lemaire et al. 2011). 
Grasses comprise a significant group in the 
flora biota of most campuses. Lawn planting 
appropriately supplemented with ornamental and 
non-grasses can provide aesthetic, recreational,
and hygienic health benefits (Hrabe et al. 2003) 
apart from its functional ecological significance. 
Apart from the environmental relevance of grasses 
on the campuses, landscape aesthetics contribute to 
the cultural ecosystem services, which positively 
affect the recovery of attention, physiological 
stress, and emotional stress of humans (Kaplan and

Kaplan 1989; Komossa et al. 2020). Nonetheless, 
invasive species of grasses are also common as 
these plants quickly adapt and, in the absence of 
their coevolved predators, explode in their new 
environments (Westbrook 1953; Mooney and
Cleland 2001). Invasive plants, especially certain 
species of grasses are silent invaders that constantly 
encroach into parks, preserves, wildlife refuges,
and urban spaces such as schools and campuses 
(Zedler and Kercher 2004). Clearing and other 
human activities encourage the establishment of 
invasive plants. On campuses, clearing land for 
buildings, farming and landscaping disturbs the 
original grass biota (Gelbard and Belnap 2003).
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 Taxonomically speaking, grass is any 
monocotyledonous plant species belonging to the 
big family (Gramineae or Poaceae) with narrow 
leaves, hollow stems, and clusters of tiny, mostly 
wind-pollinated flowers. The Cyperaceae, or sedge 
family, contains 104 genera and an estimated
5000 species, making it the third-largest monocot 
family in the world. They are prevalent all around 
the world, particularly in the tropics. While some 
of its constituents are dangerous agricultural weeds,
others provide animal food and pharmaceuticals 
(David et al. 2021). The Poaceae family is one 
of the most well-known flowering plants, with 
over 600 genera and 10,000 species (Clayton et 
al. 1986). The primary food supply for humans 
worldwide is grasses of the Poaceae family. 
They also dominate ecologically, making up 
an estimated 40% of the Earth's land surface as 
grasslands or bamboo forests (Gibson 2008).
This family of grass can adapt to a variety of 
habitats, including those in the arctic and at high 
elevations where flowering plants cannot thrive; 

ecological dominance in many ecosystems and high 
species richness are only a few of the characteristics 
that may contribute to its success (Linder et
al. 2018). Inventory and diversity of species of
grasses should be documented in the campus 
landscape. Nonetheless, the study would be helpful
for campus conservation efforts to construct green 
infrastructure. The outcomes can also be a basis 
for future planning and conservation initiatives.
 Five sampling stations were established within 
the campus for the grass assessment (Figure 1). 
Approximately 50 m was taken as an interval in each 
established station. In every station, five quadrats 
(1m x 1m dimension) with a grid in each were 
laid as a represented plot, respectively. In station 1 
(oval grounds), only a few buildings have minimal 
vegetation cover. This minimal canopy cover allows 
the grasses to grow faster due to enough access to 
sunlight. Station 2 is situated in the New Science 
Building, where landscape and esthetic views are 
presently improved. The site is close to a route
where people frequently pass. It has little sunlight

Figure 1. Sampling stations inside Caraga State University Main Campus. Station 1 is located at College 
of Agriculture and Agri industries, station 2 is located near New Science Building (NSB), Station 3 is at 
Oval, Station 4 is located at Eco- Park, and lastly, Station 5 is located near DOST building
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due to the large trees surrounding the area.
Station 3 is an open space with dominant shrub 
species and trees.
 Furthermore, station 4 is located in the Eco-
Park, where large trees with broad canopy are 
present. The grasses that thrive in this station have 
only limited access to sunlight. Station 5 is close to 
the DOST building, where a few large mango trees 
exist. On the site, certain portions of the property 
receive plenty of sunlight while others receive less. 
The analysis was carried out during the dry season 
when most plants were at the peak of their growth.
 A GPS camera was used to locate the plots 
per area. After establishing the sampling areas,
a 1m x 1m quadrant was utilized to survey the
present species within the square. A representative 
sample of grass species was collected using 
scissors and placed in plastic zip locks, labeled,
and documented. Photographs of the grass
specimens were taken to aid the identification up to 
the species level.
 The specimens were identified using various 
published articles on weed assessment (Carter 
2005; Bryson and Carter 2010; Soreng et al. 

2017; Larridon et al. 2021). Furthermore, various 
ecological parameters such as percentage cover, 
absolute frequency, relative frequency, density, 
relative density, and Species Importance value were 
calculated using Microsoft excel.
 The survey documented 20 grass species 
belonging to Cyperaceae and Poaceae within 
the campus of CSU. The Cyperaceae family has 
three identified species, while the Poaceae family 
comprises 17 species (Table 1). Furthermore, 
station 3 had the most significant number of species 
compared to stations two and three (Table 2), 
probably due to the large open spaces in this area 
where there is sufficient light for photosynthesis. 
There are differences in the amount of light
available beneath plant canopies, between gap 
and understory areas, and across plant species, as 
well as in their capacity to thrive in various strata 
of the vegetation canopy (Valladares et al. 2016). 
Shade tolerance is typically described as the
species-specific minimal light requirement for 
survival. Station 5 (DOST) only has five identified 
species since the site is partially covered with 
tree canopies, resulting in insufficient sunlight

Species Common Names Family
Station

Distribution Status
1 2 3 4 5

Carex leptalea Wahlenb. Bristly-stalked sedge Cyperaceae / Native

Cyperus brevifolius (Rottb.) Hassk. Shortleaf Spikesedge Cyperaceae / / / / / Native

Fimbristylis miliacea (L.) Vahl Grasslike fimbry Cyperaceae / Native

Agrostis sp. L. Colonial bent Poaceae / Native

Axonopus fissifolius (Raddi) Kuhlm. Common carpet grass Poaceae / Introduced

Axonopus compressus (Sw.) P.Beauv. Broadleaf carpet grass Poaceae / / / Introduced

Arthraxon hispidus (Thunb.) Makino Small carpet grass Poaceae / Native

Cynodon dactylon (L.) Pers. Bermuda grass Poaceae / / Native

Digitaria sp. Haller Tropical-crab grass Poaceae / Native

Digitaria longiflora (Retz.) Pers. Lesser crabgrass Poaceae / / Native

Digitaria sanguinalis (L.) Scop. Hairy crab grass Poaceae / / / Native

Ehrharta stipoides Labill. Weeping grass Poaceae / Native

Eragrostis curvula (Schrad.) Nees Love grass Poaceae / Introduced

Microstegium vimineum (Trin.) A.Camus Japanese stilt grass Poaceae / Native

Muhlenbergia sp1. Schreb. Matted muhly Poaceae / Native

Muhlenbergia sp2. Schreb. Nimblewill- muhly Poaceae / Native

Oplismenus hirtellus (L.) P. Beauv. Basket grass Poaceae / Native

Panicum repens L. Creeping panic Poaceae / Native

Paspalum conjugatum P.J. Bergius Carabao grass Poaceae / / / / / Introduced

Rottboellia cochinchinensis (Lour.) Clayton Itch grass Poaceae / Native

Table 1. Species Identification and Composition of Grasses across five sampling stations established within 
Caraga State University- Main Campus. Documented species from 1 to 3 belongs to Cyperaceae family, and 
species from 4-20 belongs to Poaceae family
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penetration. Shade can decrease photosynthesis 
directly, but it can also indirectly affect the possibility 
of carbon acquisition through morphological and 
physiological acclimation responses (Niinemets 
and Valladares 2004; Niinemets 2007; Laanisto
and Niinemets 2015). Lastly, station 4 (Eco-Park) 
had the least number of species identified because 
the area is almost covered with large trees where 
grasses hardly absorb sunlight. However, most 
grasses are rhizomatic, which means they can 
withstand stresses like fire, drought, and flooding. 
Even if a bare patch appears in the area, rhizomes 
can best fill those gaps (Chick 2021) naturally.
 The analysis for specific ecological parameters 
showed that the family Poaceae has the highest 
percentage cover (85%) over the family
Cyperaceae (15%), probably since Poaceae has a 
cylindrical and hollow stem, two glumes subtend its 
flowers. They contain nodes, which are considered 
essential spots on the plant where vital biological 
processes such as healing and structural support 
occur (Cope and Gray 2009; Clayton and Renvoise 
1986). Unlike in Cyperaceae, these grasses are 

without nodes, and they flower by only one glume, 
which causes weak structural support. However, 
Cyperus brevifolius has the highest relative 
frequency (21.28%), highest relative density 
(16.4%), and highest importance value (37.72%) 
across all the stations (Figure 2).
 Most of the grasses identified were
economically important as feeds, forage for 
livestock, landscaping, soil binder, medicine, 
and some ornamental purposes. In addition, the 
accounted species found mostly appeared to be 80% 
native to the Philippines. Interestingly, areas in the 
university oval and Eco-Park have native species. 
With the advent of infrastructure development 
at Caraga State University, these areas should be 
managed and consider a balance on ecological 
integrity while pursuing the government's initiatives. 
However, specialized designs are necessary to 
expand landscapes, convert concrete areas into grass 
landscapes, and maintain and conserve to allow 
various species to move in and establish themselves. 
Documentation of other plant groups utilized for 
landscaping and other purposes is recommended 

Species % Cover Absolute 
Frequency

R e l a t i v e 
Frequency Density

Relative 
density

Importance 
Value

Importance

Carex leptalea Wahlenb. 4 0.04 2.13 0.008 3.28 5.41 2.7

Cyperus brevifolius (Rottb.) Hassk. 10 0.04 2.13 0.008 3.28 5.41 2.7

Fimbristylis miliacea (L.) Vahl 4 0.24 12.7 0.012 4.92 17.63 8.81

Agrostis sp. L. 4 0.08 4.26 0.008 3.28 7.54 3.77

Axonopus fissifolius (Raddi) Kuhlm. 4 0.04 2.13 0.008 3.28 5.41 2.7

Axonopus compressus (Sw.) P.Beauv. 4 0.12 6.39 0.016 6.56 12.96 6.47

Arthraxon hispidus (Thunb.) Makino 6 0.4 21.28 0.04 16.4 37.72 18.85

Cynodon dactylon (L.) Pers. 8 0.04 2.13 0.008 3.28 5.41 2.7

Digitaria sp. Haller 4 0.12 6.39 0.016 6.56 12.96 6.47

Digitaria longiflora (Retz.) Pers. 4 0.16 8.51 0.024 9.83 18.36 9.17

Digitaria sanguinalis (L.) Scop. 6 0.04 2.13 0.008 3.28 5.41 2.7

Ehrharta stipoides Labill. 4 0.04 2.13 0.008 3.28 5.41 2.7

Eragrostis curvula (Schrad.) Nees 4 0.04 2.13 0.008 3.28 5.41 2.7

Microstegium vimineum (Trin.) A.Camus 4 0.04 2.13 0.008 3.28 5.41 2.7

Muhlenbergia sp1. Schreb. 4 0.04 2.13 0.008 3.28 5.41 2.7

Muhlenbergia sp2. Schreb. 4 0.16 8.51 0.008 3.28 11.79 5.89

Oplismenus hirtellus (L.) P. Beauv. 4 0.04 2.13 0.008 3.28 5.41 2.7

Panicum repens L. 4 0.04 2.13 0.008 3.28 5.41 2.7

Paspalum conjugatum P.J. Bergius 10 0.12 6.39 0.024 9.83 16.24 8.11

Rottboellia cochinchinensis (Lour.) Clayton 4 0.04 2.13 0.008 3.28 5.41 2.7

Total 100 1.88 99.99 0.244 100 200.12 99.94

Table 2. Ecological parameters used to obtain Species Importance value and Percentage Cover across five
sampling stations established within Caraga State University- Main Campus 
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for future studies. It is always ideal to consider 
native grasses to be incorporated into the landscape, 
mainly if the goal is to restore the grass ecosystem. 
Native grass species have been used in the urban 
landscape as a water-conserving alternative to 
the traditional lawn (Knapp and Rice 2015).
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Manuscript format

          Full manuscript should be written in an A4 sized document. The title page includes the title, 
name of the author/s and addresses. The title should not exceed 250 characters, without active 
verbs, abbreviations, and punctuation marks. Write the full name of each author (if more than 1 
author). Give the contact address, phone number, and e-mail address of the corresponding author 
to whom inquiries regarding the paper should be sent. 
 
       The abstract should follow the title of the manuscript and be written in one paragraph, not 
to exceed 250 words. It should summarize the background of the work, the major findings, and 
the implications of the results or the conclusions. Citation of references and use of acronyms are 
not allowed. Since the abstract will be indexed by indexing services, it should capture the main 
content of the paper to be intelligible without the text. On the bottom of the page, at most six 
keywords that reflect the content of the paper should be listed.
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suitable to the discipline. Headings and subheadings should be aligned to the left side of the page 
and set in bold face and italics. The main text of the manuscript should be written in this order:

     •Introduction
     •Materials and Methods
     •Results and Discussion
     •Conclusion
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