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ABSTRACT
Urban development impacts stream ecosystems primarily via changes in
hydrological regime, geomorphology, and in water quality. These changes in
turn have biological effects. The University of the Philippines Diliman
campus, located at the heart of the highly urbanized Quezon City, has gone
through numerous developments in terms of landscape and infrastructure.
Unlike the terrestrial environment, the extent to which these developments
have impacted the campus waterways is unknown. Hence, our research aims
to assess the overall condition of the waterways in the campus based on
the benthic macroinvertebrate assemblages. A total of 19 stream reaches
were sampled in November 2015 and 2016 in the following land use
categories: academic/academic support units (six sites), campus core (eight
sites), and parks and open spaces (f ive sites). One-way analysis of variance
(ANOVA) detected significant spatial difference in several macroinvertebratebased metrics, stream physicochemistry, and in-stream habitat condition
elements. Our study reveals that all sampled stream reaches, regardless of
their land use categories, are under poor to severe pollution conditions. All
macroinvertebrate-based metrics and indices indicate degraded water
quality and stream health. Our results are consistent with urban stream
studies elsewhere, which suggest that land-based activities can be stressful
for some aquatic organisms, and at times, result in reduced abundance and
even reduction in species composition.
Keywords: Biomonitoring, biotic indices, stream habitat assessment, urban
land use, water quality
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INTRODUCTION
Urbanization affects the natural environment worldwide (Pickett et al. 2001; Grimm
et al. 2008). In particular, urban development impacts stream ecosystems primarily
via changes in hydrological regime through increased magnitude and frequency of
high flows or through reduced base flow due to increase in impervious surfaces;
changes in geomorphology through channel alteration; and changes in water quality
through contaminated runoff and from direct point source discharges (Walsh et al.
2005; Moggridge et al. 2014). As a consequence, these physical and chemical
changes have biological effects.
While urban areas, such as the University of the Philippines Diliman campus, can
support a wide range of terrestrial biota (Ong et al. 1999; Vallejo et al. 2009), we
do not know whether the same is true for streams flowing through the urban
landscape particularly in developing and emerging economies (but see Freitag
(2013) wherein he described a new species of hydraenid beetle found in headwater
creeks inside the Ateneo de Manila University campus). This is due to the fact that,
for over the past 10 years, the observed marked increase in research on urban
aquatic ecosystems is biased towards temperate regions and in developed countries
(Francis 2012). A recent study has documented that tropical streams are naturally
flashy due to high precipitation and watershed features, and thus, do not significantly
differ with urban streams (Ramirez et al. 2009). Moreover, Roy et al. (2009) reported
that biological responses to urbanization range from broadly consistent to highly
variable or understudied. Consequently, there is a need for further research to
understand mechanisms of response to urbanization in other regions, such as the
tropics, where cities are larger and growing rapidly.
The University of the Philippines Diliman (UPD) campus, located at the heart of the
highly urbanized Quezon City, has gone through numerous developments in terms
of landscape and infrastructure. However, unlike the terrestrial environment (Vallejo
and Aloy 2014), the extent to which these developments have impacted the
waterways in the campus is unknown as no baseline study was conducted to compare
the current conditions. Meanwhile, evidence that many freshwater species are being
threatened with extinction by urban development are being discovered elsewhere
(Paul and Meyer 2001; Walsh et al. 2005, 2007; Brown et al. 2009; Ramirez et al.
2012).
In 2012, UPD formulated the Master Site Development Plan that serves as a
framework for the university’s physical growth for the next 13 years and as a set of
guidelines for all improvements in the campus, including, among others, land use
allocation, and building and landscape designs (Espina and Espina 2013). In this
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master plan, eight land uses have been recognized: campus core, academic/academic
support units, science and technology park, resource generation zone, residential,
community services, parks and open spaces, and protected forest area. Nonetheless,
we do not know whether the waterways, if any, in these areas are in good condition
to support aquatic biota.
To address this knowledge gap, we investigated the stream macroinvertebrate
biodiversity in UPD campus. Specif ically, we assessed the overall condition of the
waterways based on the benthic macroinvertebrates, water quality, and physical
instream habitats along stream reaches in the following land uses: campus core,
academic/academic support units, and parks and open spaces.

MATERIALS AND METHODS
Study Site
The University of the Philippines Diliman campus located in Quezon City (14° 38’
N, 121° 2’ E) is the flagship and one of the constituent units of the University of the
Philippines System. With an area of 493 ha, the campus is a fully functional
community and a government unit as it hosts an array of facilities, such as academic
units, parks, and residential and commercial areas. Daytime population peaks at
around 40,000 individuals, which are mainly composed of students, faculty,
employees, and some informal settlers (Ong et al. 1999; Vallejo et al. 2008).
Quezon City climate is classif ied as tropical monsoonal with a pronounced dry
season from November to April and wet season from May to October (Figure 1).

Figure 1. Mean rainfall (± standard error) values in Science Garden, Quezon City for
the period 2000-2014, and for years, 2015 and 2016. Data are from the
Climatology and Agrometeorology Division of the Philippine Atmospheric
Geophysical and Astronomical Services Administration (PAGASA).

7

Benthic Macroinvertebrates of the UP Diliman Campus Waterways

Nineteen sampling sites within the campus were selected and sampled in November
2015 and 2016 (Figure 2). These sites were located in the following land use
categories: academic units (AU; 6 sites), campus core (CC; 8 sites), and parks and
open spaces (PO; 5 sites). Because of a strong dry spell prevailing in the country in
November 2015 (mean rainfall ± standard error = 0.54 ± 0.27 mm; Figure 1),
several sites ran dry, and hence, were not sampled. These include preselected
waterways located in other land use categories (e.g. , science and technology park).
Nonetheless, the average (± standard error) rainfall in November 2016 was 3.34
±1.26 mm (Figure 1).

Figure 2. Map of the University of the Philippines Diliman campus in Quezon City
showing land uses and the location of sampling sites.

Benthic Macroinvertebrates
A 50-m sampling reach was established within each land use. Following the method
of de Jesus-Crespo and Ramirez (2011), three collectors handpicked for 15 minutes
all macroinvertebrates from each of the four major habitats (leaf packs, margin
vegetation, pools, and riffles) within the 50-m reach. This procedure was continued
until three replicate samples per habitat (one from each collector) had been
collected. For comparison among sites with different proportions of stream habitat,
an overall habitat-weighted value per taxon per site was calculated (de JesusCrespo and Ramirez 2011).
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All samples were preserved in 95% ethanol and were brought to the Aquatic Biology
Research Laboratory, Institute of Biology, UPD for sorting and identif ication. In the
laboratory, samples were washed and elutriated using a 250-μm sieve to separate
macroinvertebrates from plants, sediment, and other inorganic materials.
Macroinvertebrates were counted and identif ied to genus level under a stereo
microscope. Identif ication was performed using the keys of Dudgeon (1999), Yule
and Yong (2004), and the Mekong River Commission (2006).
Using the macroinvertebrate-habitat weighted value, the following macroinvertebrate
metrics were calculated: total invertebrate density (the number of individual
organisms collected per m2); taxon richness (the number of taxa counted in a sample);
richness of the pollution-sensitive insect orders Ephemeroptera-PlecopteraTrichoptera (EPT) and Ephemeroptera-Plecoptera-Trichoptera-Coleoptera (EPTC);
Simpson’s index of diversity (D); and Simpson’s measure of evenness (E). Moreover,
biotic indices used in stream bioassessment and biomonitoring were calculated to
determine the current condition of the UPD waterways: Hilsenhoff’s family biotic
index, a biotic index for assessing organic and nutrient pollution using tolerance
values of arthropod families (Hilsenhoff 1988); Biological Monitoring Working Party
(BMWP), a standardized score system based on tolerance scores of macroinvertebrate
families to organic pollution (Mustow 2002); Average Score per Taxa (ASPT), a
biotic index which measures river status using the calculated BMWP score divided
by number of taxa (Mustow 2002); Stream Invertebrate Grade Number – Average
Level version 2 (SIGNAL 2), a biotic index for Australian river macroinvertebrates
(Chessman 1995, 2003); Singapore’s stream biotic index score (SingScore), a newly
developed biotic index for measuring the health of Singapore’s streams using benthic
macroinvertebrates (Blakely et al. 2014); and Average Tolerance Score per Taxon
(ATSPT), a biotic index for evaluating stream health integrity using site disturbance
scores and benthic macroinvertebrate abundance (Chessman and Giap 2010).

Physicochemical and Habitat Parameters
In the same stream reach where macroinvertebrates were sampled, various
physicochemical parameters were measured on site at three randomly selected
locations within the 50-m reach: water temperature (°C) and dissolved oxygen
(DO; mg L -1 ) were obtained using a DO meter (YSI EcoSense DO200A; Yellow
Spring Instruments, Ohio, USA), and conductivity (μS/cm) and total dissolved solids
(TDS; mg L -1) with a hand-held meter (YSI EcoSense300A; Yellow Spring Instruments,
Ohio, USA). In addition, stream width (m), depth (cm), flow rate (m s -1), and water
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discharge (m 3 s -1 ) were measured within each reach. These physicochemical
parameters were considered in this study because they have been shown to
influence the abundance and distribution of benthic macroinvertebrates
(Narangarvuu et al. 2014; Yazdian et al. 2014).
To evaluate the riparian zones and instream habitats, the modif ied stream visual
assessment protocol (Magbanua et al. 2013) was used. The protocol is composed of
15 items describing stream environmental condition in relation to channel flow;
depth regime; bank stability; vegetative protection and zone; canopy cover; water
appearance; nutrient enrichment; streambed characteristics, such as sediment
deposition, habitats, habitat complexity, and barriers to movement; and aquatic
macroinvertebrate community. Each item is scored from 1 to 20, and the sum of all
items scored was divided by the number of items scored to assess a site’s habitat
condition. Hence, a site having a score of ≤ 5 is considered poor, 5-10 is marginal,
10-15 is suboptimal, and 16-20 optimal.

Data Analyses
Differences in macroinvertebrate assemblage across land uses were evaluated using
non-metric multidimensional scaling (NMDS) ordination technique through BrayCurtis similarity matrix after fourth-root transformation of assemblage data, followed
by a conf irmatory analysis of similarity (ANOSIM). Global R values less than 0.25
indicate similarity in macroinvertebrate communities (refer to Maroneze et al. (2011)
and Novais et al. (2012)). All analyses were performed using the software PRIMER
6.0 (Primer-E Ltd, Plymouth, UK).
Moreover, we tested differences for the various macroinvertebrate metrics, biotic
indices, and physicochemical and habitat parameters among waterways under
different land uses using analysis of variance (ANOVA) in IBM SPSS Statistics 20.0
(IBM Corp. , New York USA). In the model, land use (academic units, campus core, and
parks and open spaces) was the f ixed main (between-subjects effects) factor. If
analyses of the f ixed main factor showed signif icance, we performed pairwise
comparisons using post hoc tests (Tukey’s HSD). For all signif icant f indings, effect
sizes (ES = partial η2 values, range 0-1; refer to Garson (2012)) were reported to
compare the magnitudes of effects detected (Nakagawa and Cuthill 2007). Where
necessary, data were log 10 (x)- or log 10 (x + 1)-transformed prior to analyses to
improve normality and homoscedasticity (Quinn and Keough 2002).
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RESULTS AND DISCUSSION
Stream Physicochemistry, Riparian Zone and In-stream Habitats
Our results showed that, except for water temperature, all measured physicochemical parameters had significant differences across different land use (P d ≤ 0.048
in all cases; Table 1). Other than DO, all parameters were highest in the parks and
open spaces land use categories. By contrast, among measured riparian and instream habitat parameters, only canopy cover, water appearance, sediment deposition,
and aquatic macroinvertebrate community differed across land uses, with academic
units obtaining the highest score in all four parameters (P ≤ 0.039 in all cases;
Table 1).
Table 1. Summary of the one-way ANOVAs comparing physicochemistry,
habitat parameters, biological response metrics, and biotic ind ices across
d ifferent land uses. Rankings for post hoc tests or specific contrasts
in cases with significant effects are given. P-values < 0.05 are in bold print.
Effect sizes (ES = partial η 2 values; range 0-1; categories:
weak > 0.1, moderate > 0.3, strong > 0.5; Nakagawa and Cuthill 2007)
are given for all significant find ings (in bold).
AU = Academic units; CC = Campus Core; PO = Parks and Open Spaces;
HFBI = Hilsenhoff Family Biotic Index; SingScore = Singapore Score;
BMWPTHAI = Biological Monitoring Working Party THAI version;
ASPT THAI = Average Score per Taxon THAI version;
SIGNAL 2 = Stream Invertebrate Grade Number Average Level version 2;
ATSPT = Average Tolerance Score per Taxon
Parameter
Physicochemistry

Water temperature
Dissolved oxygen
TDS
Conductivity
Stream width
Water depth
Flow rate
Stream discharge

Riparian and
instream habitat

AU

CC

PO

P-value

ES

Ranking

26.74 (0.22)
2.22 (0.26)
160.45
(11.40)
338.26
(10.22)
1.36 (0.01)
8.36 (0.77)
0.09 (0.02)
0.01 (0.002)

27.09 (0.16)
1.36 (0.14)
184.55
(10.89)
360.37
(16.95)
1.84 (0.17)
9.81 ( 0.78)
0.10 (0.02)
0.03 (0.01)

27.45 (0.24)
1.52 (0.21)
209.83
(10.47)
481.00
(27.64)
2.26 (0.22)
13.35 (0.88)
0.19 (0.03)
0.05 (0.01)

0.064
0.005
0.008

0.048
0.090
0.083

AU > (CC = PO)
PO > AU

0.048

0.053

PO > CC

0.001
<0.001
0.003
<0.001

0.124
0.133
0.100
0.131

PO > AU
PO > (CC = AU)
PO > (CC = AU)
PO > (CC = AU)

7.58 (0.87)
8.65 (0.80)
6.76 (0.83)
8.50 (0.86)
9.33 (0.84)

8.67 (0.91)
9.40 (0.98)
8.57 (0.95)
8.90 (0.93)
9.87 (1.11)

0.357
0.102
0.185
0.129
0.465

0.044
0.082
0.066
0.075
0.035

9.50 (0.92)

9.93 (1.05)

0.726

0.018

8.58 (0.88)
4.77 (0.71)
6.69 (0.77)
4.90 (0.67)
4.93 (0.61)
7.83 (0.85)

5.63 (1.03)
4.80 (0.74)
5.97 (0.80)
6.50 (0.71)
6.30 (0.74)
9.57 (1.10)

0.039
0.006
0.725
0.018
0.161
0.109

0.109
0.156
0.018
0.129
0.073
0.080

Channel flow
7.72 (0.90)
Channel alteration
10.06 (0.93)
Depth regime
6.06 (0.77)
Bank stability
7.67 (0.88)
Bank vegetative
9.89 (0.88)
protection
Riparian vegetative
9.53 (0.96)
zone
Canopy cover
8.75 (0.97)
Water appearance
7.69 (0.84)
Nutrient enrichment 6.92 (0.80)
Sediment deposition 6.58 (0.69)
Riffle embeddedness 6.61 (0.73)
Barriers to species
9.92 (0.98)
movement
Fish habitat
6.50 (0.68)
complexity
Aquatic macro8.22 (0.81)
invertebrate habitat
Aquatic macro3.72 (0.13)
invertebrate
community
Overall habitat score 7.72 (0.61)

6.33 (0.65)

6.30 (0.82)

0.872

0.010

8.00 (0.75)

7.90 (0.95)

0.947

0.005

2.29 (0.10)

1.80 (0.10)

<0.001

0.527

6.99 (0.56)

7.34 (0.70)

0.818

0.004

(AU = CC) > PO
AU > (CC = PO)
(AU = PO) > CC

AU > CC > PO
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Table 1. Summary of the one-way ANOVAs comparing physicochemistry,
habitat parameters, biological response metrics, and biotic ind ices across
d ifferent land uses. Rankings for post hoc tests or specific contrasts
in cases with significant effects are given. P-values < 0.05 are in bold print.
Effect sizes (ES = partial η 2 values; range 0-1; categories:
weak > 0.1, moderate > 0.3, strong > 0.5; Nakagawa and Cuthill 2007)
are given for all significant find ings (in bold).
AU = Academic units; CC = Campus Core; PO = Parks and Open Spaces;
HFBI = Hilsenhoff Family Biotic Index; SingScore = Singapore Score;
BMWPTHAI = Biological Monitoring Working Party THAI version;
ASPTTHAI = Average Score per Taxon THAI version;
SIGNAL 2 = Stream Invertebrate Grade Number Average Level version 2;
ATSPT = Average Tolerance Score per Taxon (Cont’n.)
Parameter

AU

Biological response Macroinvertebrate
metrics
density
Taxon richness
EPT taxa richness
EPTC taxa richness
Simpson’s diversity
index
Simpson’s evenness

306.36 (99.46) 121.47 (24.30) 215.77 (34.41) 0.154

0.033

10.47 (0.89)
0.86 (0.14)
1.44 (0.17)
3.02 (0.31)

8.12 (0.60)
0.27 (0.07)
0.83 (0.11)
3.26 (0.63)

8.50 (0.95)
0.20 (0.07)
0.87 (0.15)
2.12 (0.23)

0.344
<0.001
0.020
0.352

0.019
0.160
0.068
0.019

0.36 (0.05)

0.43 (0.08)

0.34 (0.06)

0.803

0.004

Biotic indices

7.76 (0.13)
67.68 (3.29)
2.68 (0.29)
4.12 (0.13)
2.84 (0.07)
57.43 (0.22)

7.97 (0.13)
62.02 (2.07)
2.30 (0.29)
4.10 (0.11)
2.66 (0.05)
58.69 (0.28)

8.14 (0.12)
61.26 (2.76)
2.83 (0.36)
3.89 (0.17)
2.66 (0.06)
58.61 (0.39)

0.095
0.409
0.197
0.097
0.241
0.001

0.044
0.016
0.030
0.043
0.026
0.114

HFBI
SingScore
BMWPTHAI
ASPTTHAI
SIGNAL 2
ATSPT

CC

PO

P-value

ES

Ranking

AU > (CC = PO)
AU > (CC = PO)

(CC = PO) > AU

These f indings are consistent with most urban stream studies done in the past
(e.g. , Couceiro et al. 2007; de Jesus-Crespo and Ramirez 2011; Baltazar et al.
2016; Docile et al. 2016). Increasing loads of organic and inorganic carbon in urban
stream decrease the amount of DO (Daniel et al. 2002; Butman et al. 2015;
Tromboni and Dodds 2017). Moreover, high dissolved solid concentrations had been
observed in UPD streams. Studies conducted by Horn et al. (2017), Taka et al.
(2017), and Toor et al. (2017) all noted that dissolved solids are known to accumulate
in areas with higher rates of inorganic runoff (e.g., industrial sites, residential sites)
and contribute to an increased ion concentration annually. Lastly, changes in land
use and hydrological gradients altered stream channels, depth, flow rate, and
discharge in the campus waterways due to continued habitat degradation, land cover
modif ication, and subsurface drainage, which through time, may negatively affect
local stream habitat and biodiversity (Allan 2004; Potter et al. 2014; Walsh and
Webb 2016; Baumgartner and Robinson 2017).
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In habitat assessment, only canopy cover, water appearance, sediment deposition
and aquatic macroinvertebrate community exhibited marked differences across
different land use types (Table 1). Changes in riverine spatial gradients has been
tagged as major driver in declines of stream biota. Canopy cover is essential for
maintaining lower stream temperature and for increasing the allochthonous source
of energy which in turn promotes diverse stream biotic assemblages (Sponseller et
al. 2001; Kominoski et al. 2011). In urban streams, the amount of detritus breakdown
is lower, leading to a much poorer biotic assemblages (Roy et al. 2005; Martins et
al. 2015). Furthermore, Uriarte et al. (2011) noted that in water appearance the
increasing load of organic and inorganic materials in streams brought by continued
urban runoff and riparian habitat degradation leads to its much poorer state. Likewise,
Extence et al. (2013) reported that sediment deposition also increases in streams
with low flow, modified habitat, and excessive sediment output from the catchment.
The diversity of aquatic macroinvertebrate community heavily depends on the
condition of its habitat, which determines the community that it can support (Weijters
et al. 2009). Modif ied habitats (e.g. , high conductivity, eutrophic streams) tend to
support pollution tolerant taxa, while undisturbed habitats (e.g. , high DO, low water
temperature) support diverse benthic communities comprised mainly of pollutionsensitive taxa (Miserendino et al. 2011).

Benthic Macroinvertebrate Assemblages
A total of 42,663 macroinvertebrates belonging to 45 families and 56 genera were
collected in 19 stream reaches within the UPD campus. Of these 56 genera identified,
10 comprised 93.6% of the total: the non-biting midge Chironomus spp. (67.2%),
the segmented worm Oligochaeta (Genus 1) (11.2%), the non-biting midge Cricotopus
spp. (4.5%), the moth fly Psychoda spp. (3.3%), the lymnaeid snail Radix quadrasi
(1.7%), the shore fly Brachydentera spp. (1.7%), the dragonfly Brechmorhoga spp.
(1.2%), the freshwater leech Helobdella spp. (1.0%), the mayfly Labiobaetis spp.
(1.0%), and the non-biting midge Thienamannimyia spp. (0.9%) (Figure 3).
The results of the ordination analysis reveal weak clustering (2D Stress=0.24)
across different land uses (Figure 4). This was further supported by the global R of
ANOSIM for land uses (Global R = 0.070, P = 0.1), indicating no observable variation
in the macroinvertebrate community. However, among the different biological metrics
analyzed in this study, the richness of the pollution-sensitive insect orders EPT and
EPTC exhibited signif icant differences across different land uses (Table 1).
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Figure 3. Ten most dominant macroinvertebrates across land use types in the
University of the Philippines Diliman campus waterways.
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Figure 4. Two-dimensional non-metric multidimensional scaling (NMDS) plot of
the stream macroinvertebrate community structure across different land uses in
the University of the Philippines Diliman, Quezon City, Philippines.

The resulting similarity of identified macroinvertebrate community across different
land uses is a general trend in urban streams due to higher rates of organic and
inorganic solute contamination along altered riparian and stream reaches (Cuffney
et al. 2010; Ricart et al. 2010). For instance, the presence of pollution-tolerant
taxa (e.g. , Chironomidae, Oligochaeta) and absence of pollution-sensitive taxa (e.g.,
Perlidae, Psephenidae) may contribute to the similar aquatic invertebrate
communities across different land uses, since the former can thrive in urban streams
due to higher rates of water stress, while the latter requires pristine environmental
conditions (de Paiva Silva et al. 2010; Chang et al. 2014; Mehring et al. 2017).
UPD streams are dominated by several members of the family Chironomidae (e.g. ,
Chironomus spp. , Cricotopus spp. , Thienamannimyia spp.) and Oligochaeta, both of
which are pollution-tolerant. These organisms can tolerate a wide range of
environmental conditions (e.g., low DO concentration, high dissolved solids); thus,
allowing them to thrive in all types of habitat, ranging from pristine to heavily
degraded streams (Cortelezzi et al. 2011; Frizzera and Alves 2012; Rosa et al.
2014).
However, the marked differences in EPT and EPTC taxa richness across different
land uses indicated the capacity of UPD streams to be inhabited by these taxa.
Similar f indings had been observed in the studies of Lenat and Crawford (1994)

15

Benthic Macroinvertebrates of the UP Diliman Campus Waterways

and Violin et al. (2011), wherein these authors observed EPT and EPTC taxa in urban
sites. Nonetheless, it should be noted that these identif ied taxa (e.g. , Baetidae,
Hydrophilidae) are considered mildly tolerant to pollution by others (e.g. , RizoPatron et al. 2013; Chang et al. 2014), similar to the EPT and EPTC taxa identif ied
in UPD streams. Furthermore, higher rates of organic runoff in urban streams can
signif icantly increase the density of pollution-tolerant invertebrates and prevent
possible colonization of pollution-sensitive taxa (Roy et al. 2003; Niyogi et al.
2007; Shin et al. 2011).

Stream Cond ition Based on Macroinvertebrate Biotic Ind ices
All measured biotic indices reveal that, across different land uses, only ATSPT (P =
0.001) showed marked difference (Table 1). In addition, the high pollution tolerance
score of collected and identified invertebrates in UPD waterways led to poor stream
condition ratings in all biotic indices across different land uses (Table 2).
Table 2. Mean (± standard error) values of computed biotic ind ices
and the correspond ing cond ition ratings across d ifferent land uses.
HFBI = Hilsenhoff Family Biotic Index; SingScore = Singapore Score;
BMWPTHAI = Biological Monitoring Working Party THAI version;
ASPTTHAI = Average Score per Taxon THAI version;
SIGNAL 2 = Stream Invertebrate Grade Number Average Level version 2;
ATSPT = Average Tolerance Score per Taxon
Biotic
Index

Academic units
Cond ition
Index
rating
score

Campus core
Index
Cond ition
score
rating

Parks and open spaces
Index
score

Cond ition
rating

HFBI

7.76 (0.13)

Very poor

7.97 (0.13)

Very poor

8.14 (0.11)

Very poor

SingScore

67.68 (3.29)

Poor

62.02 (2.07)

Poor

61.26 (2.76)

Poor

BMWPTHAI

2.68 (0.29)

Very bad

2.30 (0.29)

Very bad

2.83 (0.36)

Very bad

ASPTTHAI

4.12 (0.13)

Bad

4.10 (0.11)

Bad

3.89 (0.17)

Bad

SIGNAL2

2.84 (0.07)

Probable severe
pollution

2.66 (0.05)

Probable severe
pollution

2.66 (0.06)

Probable severe
pollution

ATSPT

57.43 (0.22)

Unhealthy

58.69 (0.28)

Unhealthy

58.61 (0.39)

Unhealthy

Changed ATSPT values depict the quality of UPD streams across different land
uses, indicating the importance of riparian habitats in supporting diverse biotic
communities (Poff and Zimmerman 2010). Nonetheless, our results underscored
the poor water quality condition of UPD streams, regardless of land use (Table 2).
Biotic indices assign numerical value to a specif ic taxon with a corresponding
tolerance score based on its tolerance to pollution (Zimmerman 1993). In the case
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of UPD’s macroinvertebrate assemblage, the abundance of tolerant taxa resulted in
the streams’ poor condition ratings. Lastly, the biotic indices used in this study are
all derived from other countries and have failed to consider local taxon that has no
pre-assigned tolerance value, and thus, may not provide a true picture of the streams
in regions outside its origin (Zeybek et al. 2014).

CONCLUSION AND RECOMMENDATION
Globally, urban streams generally have higher loads of organic and inorganic
pollution, compromised stream and riparian areas, abundant pollution-tolerant taxa,
and poor water and habitat quality. Our results reveal poor to severe stream
conditions across land uses. Marginal habitat assessment scores and sub-optimal
physicochemical parameters in all streams supported these f indings, reflecting
the intensity of riparian and stream modification. Similarly, water quality based on
considered variables also indicated poor quality, which is consistent with the stream
biota dominated by pollution-tolerant taxa. These resulted in lower biotic index
scores, providing further support for the severity of the conditions of UPD streams.
Our f indings reflect similar patterns observed in urban streams, which may persist
if UPD streams and riparian habitats are not protected and restored. Therefore, we
recommend a campus-wide restoration of streams and waterways, as well as
improvement of the wastewater treatment facility in the campus. We also suggest
monitoring the streams and waterways during wet and dry seasons to provide a
complete picture of the conditions of these waterways. This bioassessment may
provide additional knowledge on the benthic macroinvertebrate community
structure and the possible effects of environmental flow on these urban
communities.
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