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The PERFECT PROTEIN*
 Abundant, fast growing, 

high recruitment rates
 Affordable seafood
 Cheapest source of omega-

3 polyunsaturated  FA
New “poor man’s fish”

 Sardines – top fish in Philippine capture F (since 2008)
 High annual production in Zamboanga peninsula 
 Multi-million post-harvest  industry 

*Book by Sharpless and Evans (2013), Oceana International Bluer Oceans, Greener Earth

(in the PH, sardines had replaced our iconic “galunggong” or 
roundscad   



Northern coast of the Zamboanga Peninsula 
a major upwelling zone 

’ One of 3 major upwelling 
regions in Phils. 

’ Strong NE monsoon winds 
parallel to NZP coast triggers 
upwelling

’ Drives Chl a  during NEM = 
abundant food for small fish

’ Colder sea surface temp 
(SST) than surrounding areas

’ In Bohol Sea, nutrients are 
driven by riverine systems

Cold SST
Villanoy et al. 2011



Declining annual sardine 
catch trends between 
2002-2010 Seasonal Closure of Sardine 

Fisheries in Zamboanga 
Peninsula (JAO No. 1, s. 2011; BAC 
255, s. 2014)

Closed Fishing on sardine by Commercial 
(Industrial) Fishing fleet between Dec 1-
March 1;  Artisanal fishers allowed to fish.

Government Intervention



Motivation for our research
3-yr DOST-SarDyn Program (2011-2014)

Program Goal:  Provide  basis for improving policy (e.g. 
SFC in ZP) toward sustainable sardine management

Development of robust tools for managing sardine fisheries in the 
Philippines: Zamboanga Upwelling-Bohol Sea System (SarDyn program)

 Conventional methods of assessing fisheries production, 
e.g. dockside or fish landing surveys constrained by the 
absence of spatially explicit catch/effort data

 Need to identify spawning areas for major sardine stocks 
to inform adaptive & ecosystem-based FM



novel strategy - first time implemented in the 
Philippines at the time
obtains area-specific and accurate fisheries production 

data on sardines using vessel tracking by GPS
Participatory-collaboration with commercial and 

municipal fishers along the NZP and Bohol Sea corridor

“Can accurately identify the specific fishing area 
for a target fishery” , and insights into where 

sardines spawn and juveniles are found

 Research in Sardine Volunteer Program (RSVP)



Methods 16 Monitoring Sites in Northern 
Zamboanga-Bohol Sea Corridor

• Consultative meetings 
with fishing industry 

• Deployment of battery-
operated bluetooth GPS 
data loggers to volunteer 
fishers

• Logbook recording of gear 
catches 

• Data downloading & data 
processing

• Collection of fish samples 
for biological analysis      

• gonadal maturity 
• Gonado-somatic index 

(GSI)



Sardinella lemuru is the dominant sardine in 
Northern Mindanao

Spawning peak: November-January (a second, 
minor peak between May-Aug (observed in NZP)

Sardinella  lemuru (Bali sardine)

Sardinella pacifica
(f. fimbriata )

Sardinella  gibbosa (gold-line 
sardinella)

Amblygaster sirm
(Spotted sardine)

S. lemuru
93.7%

A. sirm
0.01%

D. acuta
0.03%

S. fimbriata
1.1%

S. gibbosa
0.6%

Sardine 
juvenile

4.7%

Sardine Catch Composition in NZP-Bohol Sea

Project Results: Catch composition



Total sardine production in all  monitored bays in NZP and Bohol Sea 
System (mean annual prod’n = 39, 496 mt) bet. 2011-2014

Project Results: Catch trends

Dap-Dip-
Sindangan 

Bay
45%

Iligan Bay
13%

Macajalar 
Bay
20%

Butuan Bay
13%

Gingoog Bay
9%



Project Results: Sample of recorded data 

Municipality/City Gear Type Date Time Species Volume (kg) Latitude Longitude
Leon B. Postigo BN 6/28/2012 10:06pm S. lemuru 80 8.176061 122.883841
Dipolog City RN 7/15/2012 10:35pm S. lemuru 2920 8.622471 123.288196
Jasaan BN 7/4/2012 2:15am S. lemuru 40 8.765305 124.732555
Oroquieta City RN 8/5/2012 10:59pm S. lemuru 320 8.525132 123.867301
Opol RN 11/23/2012 1:55am S. lemuru 245 8.55554 124.591989
Kandiis DGN2 11/12/2012 8:30pm S. lemuru 120 8.989002 125.117012
Sindangan BN 12/22/2012 6:40pm Mene maculata 160 8.254092 122.961024
Buenavista DGN 1/12/2013 7:30pm S. lemuru 79 9.121676 125.288657
Buenavista DGN 2/2/2012 12:01am S. lemuru 96 9.18007 125.243128
Cabadbaran DGN 2/4/2013 9:00pm S. lemuru 110 9.277814 125.381532
Cabadbaran DGN 2/12/2013 8:10pm S. lemuru 150 9.212769 125.337789
Oroquieta City EGN1 2/11/2013 10:13am Tamarong 120 8.407026 123.837733
Oroquieta City EGN1 2/12/2013 3:00pm Auxis rochei 200 8.438957 123.833888
Tubay EGN2 5/28/2013 8:40pm S. lemuru 170 9.209989 125.492188
Tubay EGN2 6/14/2013 10:00pm S. lemuru 137 9.179551 125.486289
Lunao DGN 6/14/2013 7:45pm S. lemuru 240 8.862083 125.08398
Lunao DGN 6/15/2013 6:15pm S. lemuru 10 8.86672 125.090741
Dapitan City RN 7/10/2013 12:38am S. lemuru 3000 8.559694 123.232835
Dapitan City RN 7/11/2013 12:13am S. lemuru 1240 8.708368 123.323705

Sample Fishing Boat Tracks



Results
Spatial map of fishing effort tracked under RSVP



How compliant were fishers of the SFC?



Number of samples by gear type
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Samples of mature Bali sardine by bay

Spawning period of S. lemuru peaks bet. Nov & Jan (NEM) 



Mean GSI by bay 

GSI data on S. lemuru also peak bet. Nov & Jan (NEM) 



Geo-referenced spatial map of potential 
sardine spawning grounds

LEGEND: % mature gonad

= 1-20% 
= 21- 40% 
= 41 – 60%
= 61 – 80%
= 81 – 100% 

Sardine spawning occurs close to shore



Generalizations
 Limitations of GPS tracking and data logging 

technique
 Data downloading encountered compatibility and 

internet problems
 Satellite-based: No signal, no tracking
 Reluctance of some volunteers in constant 

maintenance  (e.g. battery charging) and 
accountability of equipment



 Limitations of GPS tracking and data logging 
technique in identifying spawning ground

Preference of volunteer fishers tend to fish 
near shore, rather than, in deeper waters 
Thus, whether spawning of sardines occur in 

deeper waters of the bays or outside them 
cannot be determined from the available 
data



 Although limitations are noted, the RSVP 
approach accomplished its objective:
Produce time-series, area specific catch and effort 

information 
Temporal changes in fish stock abundance in the 

fishing ground
More importantly, GPS tracking provides geo-

referenced data on potential spawning grounds
based on gonadal analysis of fish samples



 This novel approach demonstrates 

 the benefits of combining geo-referenced 
information on fisheries data and biological 
surveys into time-series resource maps

 invaluable participation of fishers in producing 
spatially explicit information for fisheries 
management



Need for longer time-series sample collection 
and mapping of  gonadal maturity
Use of acoustic surveys (using sonar) to show if 

sardines do migrate to deeper waters
Test fishing in deeper waters using purse seine 

or bigger deep sea fishing boat to obtain a 
more complete picture of spawning patterns in 
sardine

Recommendations



Project funding from DOST-
PCAARRD
RSVP Partners: 
 Fisher Associations (CFAMO, 

MOFBA) 
 Commercial and municipal 

sardine fishers  in Northern 
Zamboanga Peninsula and 4 
bays in northern Mindanao
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