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Supplementary material for Moritz et al., 2017, Functional preservation and variation in the 
cone opsin genes of nocturnal tarsiers, Phil. Trans. R. Soc. B. doi: 10.1098/rstb.2016.0075

Figure 1: Global distribution of all cyclones between 1950-2000 [1]. In contrast to the 
Philippines, Borneo has not witnessed a cyclone in 50 years.



This link provides detailed information about original data. 

https://data.nodc.noaa.gov/cgi-bin/iso?id=gov.noaa.ncdc:C00834

This link is to an interactive map tools for downloading 
cyclone/hurricane tracks over various locations/time periods.

https://coast.noaa.gov/hurricanes/?redirect=301ocm

This is the link to the International Best Track Archive for Climate 
Stewardship (IBTrACS). Only data from the WMO RSMCs are 
provided by this subset.

https://www.ncdc.noaa.gov/ibtracs/index.php?name=wmo-data

For data from other agencies (e.g., JTWC, CMA, etc.), access the 
complete IBTrACS dataset.

https://www.ncdc.noaa.gov/ibtracs/index.php?name=status



Palanan Permanent 
Forest Dynamics Plot

(Palanan PFDP)



Palanan Forest Dynamics Plot

• 70 – 125 m asl

• 340 cm annual 
precipitation

• clay loam soils



16 hectares
All trees ≥1 cm dbh
Censused every 6 years



Summary Statistics of 
the Palanan PFDP

Plot Size: 16 ha

Year Initiated: 1994 (8-ha); 1998 (16-ha)

Recensus:  2004 (Supertyphoon Imbudo (Category 4) hit in July 2003, before recensus)
2010 (Supertyphoon Meji (Category 5) hit in October 2010, after recensus)
2016 (Supertyphoon Haima (Category 5) hit in October 2016, after recensus)

1998 2004 2010 2016
Species : 308 322 323 331
Trees: 61660 77586 74606 82788*
*recensus completed October 2016, numbers under review

Mortality Rates
Growth Rates
Colonization Rates
Impact of Typhoons
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Community Structure and 
Habitat Use of Fruit Bats in 
Tropical Lowland Forests,

Palanan, Isabela
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Capture and processing of bats in the field

A B C D

E F G H
Figure 2.  Field activities include: capturing of bats through misnets (A), measuring of morphometrics (B), assessing reproductive status of bats (C), 

collecting biopsy wing punches (D), tagging of bats using ballchains (E nd F), collection of fecal and pollen samples (G), and releasing of processed 

bats (H).



• Characterized the three habitat types based on 
species diversity, tree density, tree height, crown 
cover etc

• Conducted phenology in each of the habitat type

• A total of 10 species of fruit bats and 8 species of 
insectivorous bats were recorded

Fruit bats recorded within 
the six study sites.
Frugivores (a). Ptenochirus
jagori, (b). Cynopterus
brachyotis, (c). 
Haplonycteris fisheri, (d). 
Pteropus vampyrus, (e). 
Desmalopex leucopterus, 
and (f). Acerodon jubatus.  
Nectarivores (g). Rousettus
amplexicaudatus, (h).  
Macroglossus minimus, (i). 
Eonycteris robusta and (j). 
Eonycteris spelaea (ES).



Partial summary of marked and recaptured 
fruit bats for April and May 2017 

in the lowland forest of Palanan, Isabela

Species
Total 

Captured
Total 

Tagged Total Recap % recap

Ptenochirus jagori 52 41 12 29.27

Cynopterus brachyotis 28 21 7 33.33

Macroglossus minimus 9 9 0 0.00

Haplonycteris fischeri 25 20 6 30.00

Eonycteris robusta 13 11 0 0.00
Rousettus
amplexicaudatus 31 31 0 0.00

Eonycteris spelaea 3 1 0 0.00

Desmalopex leucopterus 7 5 1 20.00

Total 168 139 26



Partial summary of marked and recaptured 
fruit bats for April and May 2017 

in the mangrove forest of 
Palanan and Divilacan, Isabela

Species
Total 

Captured
Total 

Tagged
Total 

Recap % recap

Ptenochirus jagori 18 6 3 50.0

Cynopterus brachyotis 10 10 0 0.0

Macroglossus minimus 26 32 3 9.0

Eonycteris robusta 7 5 2 40.0

Rousettus
amplexicaudatus 1 1 0 0.0

Total
62 54 8



Pollen Resources of 
Phytophagous Bats in the 
Tropical lowland Forests 

Palanan, Isabela



Bat swab collections (April 2016 – June 2017)
Summary

Apr-

16

May

-16

Jun-

16

Aug

-16

Sep

-16

Oct-

16

Nov

-16

Dec

-16

Feb-

17

Mar-

17

Apr-

17

May

-17

Jun-

17
TOTAL

Ptenochirus

jagori
147 68 54 66 108 84 60 93 17 37 57 14 10 815

Cynopterus

jagori
87 33 64 68 69 39 39 44 7 2 27 30 11 520

Macroglossus

minimus
34 17 10 17 20 25 14 17 12 6 40 29 15 256

Haplonycteris

fischeri
22 13 5 7 26 11 18 12 3 7 23 20 6 173

Eonycteris

robusta
33 26 60 41 37 19 6 1 4 2 27 7 4 267

Rousettus

amplixicaudat

us

4 11 126 71 29 78 48 8 10 2 29 8 87 511

Eonycteris

spelaea
24 6 8 1 9 6 1 - - - 1 3 2 61

Desmalopex

leucopterus
1 5 10 7 8 9 1 5 4 2 8 8 2 70

Acerodon

jubatus
- - - - 1 - - - - - - - - 1

Pteropus

vampyrus
- - - - - - - 1 - - - - - 1

TOTAL 352 179 337 278 307 271 187 181 57 58 212 119 137 2675



Positive readings of bat swab samples

April 

2016

May 

2016

June 

2016

Augu

st 

2016

Septe

mber 

2016

Octob

er 

2016

Novem

ber 

2016

Decem

ber 

2016

Februa

ry 

2017

March 

2017
Total

Eonycteris

robusta
15 23 11 35 26 12 3 1 3 2 131

Ptenochirus

jagori
23 38 12 57 55 62 33 13 8 14 315

Desmalopex

leucopterus
3 2 7 7 9 2 3 33

Haplonycteris

fischeri
6 4 3 6 12 8 16 7 3 6 71

Rousettus

amplexicaudatu

s

5 57 58 11 38 33 1 1 1 205

Macroglossus

minimus
3 11 2 11 12 8 11 7 10 7 82

Cynopterus

brachyotis
17 22 19 55 24 21 24 10 7 199

Eonycteris

spelaea
3 1 4 1 9 6 1 25

Acerodon

jubatus
1 1

Total number (+) 

readings
67 107 110 230 157 164 123 39 35 30 1062

(April 2016 to March 2017)



Pollen Types from 
Bat Swabs

(A-B) Anacardiaceae
(C) Leguminaceae/Fabaceae
(D) Poaceae/Pandanaceae type 
(E-F) Anacardiaceae
(G-J) Euphorbiaceae
(K-L) Liliaceae type 
(M) Acanthaceae
(N) Arecaceae
(O) Moraceae
(P-S) Unidentified.



Phenology monitoring 
110 species, 42 families 



Diet Analysis of Fruit Bats 
Using Metagenomics 

to Assess Plant Dispersal in the 
Tropical Lowland Forests of 

Palanan, Isabela



FRUIT BAT SPECIES

TOTAL NUMBER OF FECAL SAMPLES COLLECTED

Year-1 (UP-OVPAA)
Year-2
(DOST-

PCAARRD) TO
TA

L2016 2017

APR
MA

Y
JUL

AU
G

SEP
T

OCT
NO
V

DEC FEB
MA

R
APR

MA
Y

Ptenochirus jagori 45 16 5 13 16 18 15 44 8 21 21 1 223

Cynopterus brachyotis 26 4 10 9 8 11 10 18 3 2 7 6 114

Desmalopex leucopterus 0 1 2 2 2 0 0 0 0 1 1 1 10

Haplonycteris fischeri 4 3 1 1 5 0 2 5 0 5 4 3 33

Rousettus amplexicaudatus 2 5 14 13 4 19 12 1 1 0 26 0 97

Macroglossus minimus 9 1 3 2 9 12 10 4 1 0 2 3 56

Eonycteris robusta 8 5 7 8 12 7 0 0 3 2 6 6 64

Eonycteris spelaea 7 0 3 0 2 4 0 0 0 0 0 2 18

TOTAL
10
1

35 45 48 58 71 49 72 16 31 67 22 615

Summary of Total Fecal Samples of Eight Fruit Bat Species 
collected from April 2016 to May 2017 in the Tropical   
Lowland Forests of Palanan, Isabela.



FRUIT BAT SPECIES

TOTAL NUMBER OF FECAL SAMPLES WITH SEEDS COLLECTED

Year-1 (UP-OVPAA)
Year-2
(DOST-

PCAARRD) TO
TA

L2016 2017

APR
MA

Y
JUL

AU
G

SEP
T

OCT
NO
V

DEC FEB
MA

R
APR

MA
Y

Ptenochirus jagori 5 10 3 1 2 3 4 12 4 9 4 1 58

Cynopterus brachyotis 0 4 2 3 1 0 4 5 2 1 2 4 28

Desmalopex leucopterus 0 0 1 1 1 1 0 0 0 0 0 0 4

Haplonycteris fischeri 0 0 0 0 0 0 0 3 0 1 0 0 4

Rousettus amplexicaudatus 0 1 1 1 0 1 0 0 0 0 7 0 11

Macroglossus minimus 0 0 0 0 0 0 1 1 0 0 0 0 2

Eonycteris robusta 0 1 0 1 0 0 0 0 0 0 0 0 2

Eonycteris spelaea 0 0 0 0 0 0 0 0 0 0 0 0 0

TOTAL 5 16 7 7 4 5 9 21 6 11 13 5 109

Summary of Total Fecal Samples with Seeds of Eight Fruit 
Bat Species collected from April 2016 to May 2017 in the 
Tropical Lowland Forests of Palanan, Isabela.



MONTH COLLECTED REMARKS SORTED BY

APRIL 2016
Completely sorted; not yet
Identified

Medeva Jay Busaing (former RA)

MAY 2016 Completely sorted; some Identified Karen Mae R. Lego (URA-I)

JUNE 2016
Completely sorted; not yet
Identified

(hired Herbarium Aides)

AUGUST 2016
Completely sorted; not yet
Identified

(hired Herbarium Aides)

OCTOBER 2016 Partially sorted; not yet identified (hired Herbarium Aides)

NOVEMBER 2016 Unsorted and not yet identified N/A

DECEMBER 2016
Completely sorted; not yet
Identified

(hired Herbarium Aides)

JANUARY 2017
Completely sorted; not yet
Identified

(hired Herbarium Aides)

FEBRUARY 2017
Completely sorted; not yet
Identified

(hired Herbarium Aides)

MARCH 2017 Unsorted and not yet identified N/A

APRIL 2017 Unsorted and not yet identified N/A

TOTAL
7 completely sorted; 1 partially sorted; 3 unsorted; most not yet
identified

Status of Seed Traps collected and processed April 2016-May 2017



Random placement of the seed traps locations in Palanan Forest 
Dynamic    Plot (PFDP) along with the tree species around each 
traps (Total seed trap = 100).



PUBLICATION

Expected Outputs

Capability  building on Long Term 
Ecological Research:
• Post graduate and 

undergraduate students
• Faculty and Researchers

PEOPLE

• At least six (6) Thomson-Reuters- or 
Scopus Indexed Journals

• 1 Field Guide to the Pollens from Bat-
pollinated plants of Tropical Lowland 
Evergreen Forests 

• 1 Field Guide to Bat-dispersed seeds 
of Tropical Lowland Evergreen 
Forests

PLACES

Establishment of FERN (Forest Ecological 
Research Network) with the Palanan
Permanent Forest Dynamocs Plot (PFDP) as 
the center of Long Term Ecological Research in 
the country.   Currently part of the 
Smithsonian Institution-Center for Tropical 
Forest Science (SI-CTFS) as well as the 
International Long Term Ecological Research 
Network (ILTERnet)

• Palanan, Isabela

POLICY

• Explore the development of a 
model for Research Toursim

• At least 1 National Workshop 
on Long Term Ecological 
Research on Tropical Lowland 
Evergreen Forest



Philippine LTER Sites (ILTER)

Palanan Forest 
Dynamics Plot,
Isabela

Pantabangan Forest 
Dynamics Plot,

Nueva Ecija

Apo Island Marine Sanctuary,
Negros Oriental

Leyte Forest Dynamics 
Plot, Leyte

Mt. Makiling Forest Reserve,
LagunaBac-Man Forest Dynamics Plot,

Albay-Sorsogon

Northern Negros Forest Dynamics Plot,
Negros Occidental

Southern Negros Forest 
Dynamics Plot,

Negros Oriental

Silago Forest Dynamics Plot,
Southern Leyte

Mt. Kitanglad, Bukidnon

Mt. Musuan Ecological 
Research, BukidnonMt. Malindang,

Misamis Occidental

Mt. Apo Forest Dynamics Plot,
North Cotabato

Mt. Hamiguitan,
Davao Oriental



PhiLTERNet Sites (UP Biology)

Palanan Forest Dynamics Plot, Isabela

CTFS Forest GEO & 
ILTER
Palanan FDP, 
Isabela



First Gen Hydro Power Corporation
Pantabangan Forest Dynamics Plot, Nueva Ecija

FGEN Biodiversity 
Conservation and 

Monitoring Program

Rafflesia
consueloae Biology 

& Ecology 

Pantabangan FDP
Forest Succession

PhiLTERNet Sites (UP Biology)



PhiLTERNet Sites (UP Biology )

Holcim Biodiversity Action Plan

Holcim 
BAP 

La Union 
Site,

La Union

Holcim BAP
Agno Site,

Pangasinan

Holcim BAP
Norzagaray Site,
Bulacan

Holcim BAP 
Puning Cave Offset Site,
Doña Remedios Trinidad, 
Bulacan

Holcim BAP
Maasim Site,

Sarangani

Holcim BAP
Initao-Libertad PLS 

Offset Site
Misamis Oriental

Holcim BAP
Lugait Site,

Misamis Oriental

Holcim BAP
Bunawan Site,
Davao City

Holcim BAP
Mati Site,
Davao Oriental



EDC BCMP
Bacon-Manito Site,
Albay-Sorsogon

Energy Development Corporation
Biodiversity Conservation and Monitoring Program

EDC BCMP
Ormoc City Site,
Leyte

EDC BCMP
Northern Negros 

Site,
Negros Occidental

EDC BCMP
Southern Negros 

Site,
Negros Oriental

EDC BCMP
Mt. Apo Site,
North Cotabato

PhiLTERNet Sites (UP Biology)



PEP Calbiga & Taft
Survey Sites,
Samar

PEP Burauen & 
Baybay
Survey Sites,
Leyte

PEP Mt. Nacolod
Survey Site,
Southern Leyte

UP-DENR-PEFI Philippine Eagle Project

PhiLTERNet Sites (UP Biology)



Various Partners

CHED BaR,
Palanan FDP, 
Isabela

Emerging Interdisciplinary 
Research,
Palanan FDP, 
Isabela

ACB Biodiversity 
Assessment Mt. 

Tapulao Site, Palauig,
Zambales

NewCAPP Biodiversity 
Resource Assessment

Mts. Iglit-Baco Site,
Mindoro Occidental

Pangolin Forensics,
Puerto Princesa,

Palawan

CHED BaR,
Silago FDP, 
Southern Leyte

PhiLTERNet Sites (UP Biology)



Biodiversity Assessed and Monitored

• Species Assemblages and Abundance
– Plant
– Mammals
– Birds

• Ecosystems
– Terrestrial (12 forest formations)
– Freshwater
– Marine

• Ecosystem services
– Pollination
– Seed Dispersal
– Productivity (Fish)
– Resilience (recovery from catastrophic disturbances)



Lessons Learned
• Biodiversity (and ecosystem services) can only be observed 

in the field! Nothing can replace field work.

• Doing fieldwork is not easy.  It is hard work and requires 
sacrifices. Needs a team of dedicated field staff.

• Resources badly needed to collect other long term data to 
better understand how biodiversity is maintained and how 
ecosystem provides services

• Long term research needs long term support and resoruces
to ensure continuity and getting comprehensive 
understanding of systems and processes

• Local Issues, Global Implications – International 
Cooperation



Opportunities
• Historical data should be included in analysis (models to 

make accurate hindcasts to increase reliability of forecasts)

• Resources should be equally allocated to field work and 
data processing

• Advances in Technology require changes in mindsets on 
how biodiversity and ecosystem services can be understood

• Data integration and analysis of different domains (e.g., 
health, environment –green, blue and brown, education, 
disasters, climate change) should to synthesize lessons 
from these domains (e.g., cutting across domains, cutting 
across geographical boundaries)

• International Cooperation – no need to reinvent the wheel, 
avoiding overlaps, maximizing limited resources



Cảm ơn!
Arigatou gosaimasu!

谢谢
Gamsahamnida

Terima kasih!
Thank you!
Salamat po!


