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1. Introduction
Fishery-dependent monitoring of reef fish stocks in the Northern Reefs (NR) of Palau began in August
2012 by TNC, with the assistance of Dr Jeremy Prince, with the aim of providing baseline information to
improve the management of fish stocks in the NR (Prince et al., 2015). In 2015, the Northern Reef
Fisheries Cooperative (NRFC) was established with the aim of recovering fish stocks and promoting
sustainable fisheries to benefit local communities and protect marine resources and biodiversity.
Ngarchelong and Kayangel states also enacted legislation in the NR in 2015, placing a three-year
moratorium on certain grouper species and in 2016 and 2017 minimum size limits were implemented
for additional reef fish species (Table 1) (The Nature Conservancy, 2016). To monitor the response of
fish stocks to these new management regulations, TNC carried out further fishery-dependent
monitoring in Ngarchelong and Kayangel, with assistance from the Palau International Coral Reef Center
(PICRC). This report provides a summary of the findings from the fishery-dependent monitoring carried
out in the NR from 2012 to 2019.
Table 1: Fisheries regulations implemented in Ngarchelong and Kayangel
Ngarchelong
Species
Lutjanus
bohar
Lethrinus
olivaceus
Cetoscarus
ocellatus
Chlorurus
microrhinos
Hipposcarus
longiceps
Lutjanus
gibbus
Naso unicornis
Lethrinus
xanthochilus
Plectropomus
leopardus
Plectropomus
areolatus
Plectropomus
laevis
Epinephelus
fuscoguttatus

Kayangel

Minimum
size (cm)

Implementation
date

Moratorium

Minimum
size (cm)

Implementation
date

Moratorium

40

May 2017

-

46

April 2016

-

40

May 2017

-

46

April 2016

-

28

May 2017

-

33

April 2016

-

28

May 2017

-

33

April 2016

-

25

May 2017

-

30

April 2016

-

25

May 2017

-

30

April 2016

-

-

-

-

40

April 2016

-

-

-

-

33

April 2016

-

28

After 3-year ban

33

After 3-year ban

36

After 3-year ban

40

After 3-year ban

56

After 3-year ban

61

After 3-year ban

36

After 3-year ban

40

After 3-year ban

July 2015 –
July 2018
July 2015 –
July 2018
July 2015 –
July 2018
July 2015 –
July 2018
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August 2015 –
August 2018
August 2015 –
August 2018
August 2015 –
August 2018
August 2015 –
August 2018
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Epinephelus
polyphekadion

36

After 3-year ban

July 2015 –
July 2018

40

After 3-year ban

Variola louti

25

May 2017

-

-

-

August 2015 –
August 2018
August 2015 –
August 2018

2. Methods
2.1 Data collection
From August 2012 to November 2013, fish length data, mostly from reef fish landings, were manually
collected by Palauan fishers after they were trained in data collection methods. Following the creation
of the NRFC in 2015, there were three distinct monitoring periods; June 2015 to March 2016 (20152016) (Lindfield, 2016), March 2017 to April 2018 (2017-2018) and August 2018 to December 2019
(2018-2019). During this time, fishermen selling their fish to the NRFC were asked to answer a short
interview and a 3D camera was used to film or take photos of their fish landings at the main ports in
Ngarchelong and Kayangel. Since the data from 2015 onwards was only collected from fishermen selling
their catch to the NRFC, the results of this report are only informative of the NRFC fishery and are not
representative of the whole NR fishery.

2.2 Data processing and analysis
Catch per unit effort (CPUE) was calculated from interview datasets by dividing the total catch of each
fishing trip by the total number of hours fished during that trip (time spent fishing*number of fishers).
Mean fishing cost per pound of fish caught, which is a good proxy for fishing profitability, was calculated
by dividing the total daily expense (fuel and ice) of each fishing trip by the total catch of that trip. Mean
CPUE, daily expenses, cost per pound of fish and total catch were compared between survey periods.
Since fishing method will directly affect expenses and total catch, data was split into different methods
and compared between survey periods for methods with sufficient sample size. Prior to statistical
analysis, interview data was checked for normality using histograms and the Shapiro-Wilk test. Nonnormal data were log- or square root-transformed and re-tested for normality. Normal data were
analyzed using a one-way ANOVA. Non-normal data were analyzed using the Kruskal-Wallis test.
3D videos of landings were analyzed using the EventMeasure software. All fish in the videos were
identified to the lowest possible taxonomic level and fork length measurements were made for each
fish. Where it was not possible to get a length measurement, due to overlapping of fish or part of the
fish being cut off from the video, a 3D point was added instead. Fish weight was then calculated using
the total length-based equation:
3
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𝑊 = 𝑎𝑇𝐿𝑏
Where W is the weight of the fish in grams, TL is the total length of the fish in centimeters, and a and b
are constant values that were derived from published biomass-length relationships (Kulbicki et al., 2005;
Kamikawa et al., 2015) and Fish Base (Froese and Pauly, 2019).
Length-frequency histograms were plotted to assess the size structure of nine species which had a
minimum of 50 length measurements (Schultz et al., 2016), from two distinctive time-periods (20122013 and 2018-2019 or 2012-2013 and 2017-2018) in order to detect changes in size structures after
regulations were implemented. The lowest minimum size limit from either Ngarchelong or Kayangel is
indicated in the plots. Histograms were then re-plotted excluding fish below the minimum size limit in
order for the distributions to be comparable across timeframes and a Kolmogorov–Smirnov test
performed to compare the distribution before (2012-2013) and after (either 2018-2019 or 2017-2018)
regulations were implemented. All statistical analysis was completed using R software.

3. Results
3.1 Survey effort
A total of 439 fisher interviews were completed during the whole project, including 53 in 2015-2016,
130 in 2017-2018 and 256 in 2018-2019. A total of 340 landings that were recorded with the 3D camera
were usable for analysis, including 46 in 2015-2016, 74 in 2017-2018 and 220 in 2018-2019. Figure 1
shows the number of interviews and landing videos collected over time. In 2012-2013 a total of 3,268
fish were measured, in 2015-2016 a total of 1,896 fish were measured, in 2017-2018 a total of 951 fish
were measured, and in 2018-2019 a total of 2,659 fish were measured.
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Figure 1. Number of usable fish landing videos and fisher interviews collected in each month and year of
the project. The three monitoring efforts are shown (2015-2016 = June 2015 to March 2016; 2017-2018
= March 2017 to April 2018; and 2018-2019 = August 2018 to December 2019). Red line = NRFC
established in 2015. Purple line = Ngarchelong Coastal Fisheries Management Act passed in July 2015.
Green line = Kayangel Coastal Fisheries Management Act passed in August 2015. Green dotted line =
Kayangel size limits implemented & NRFMP published in April 2016. Purple dotted line = Ngarchelong
size limits implemented in May 2017.

3.2 Interview data
3.2.1 Fishing method
Fishing methods associated to NRFC landings have fluctuated over time, with an overall decrease in
spear fishing seen (Figure 2). In 2015-2016, handline was the most popular fishing method (37.7%),
followed closely by spear fishing (34%). In 2017-2018, trolling was the most popular fishing method
used, with more than half of all fishing trips using this method (57.7%), whereas spear and handline
fishing use decreased from the last monitoring period (16.9% and 13.8% respectively). In 2018-2019,
there was a decrease in trolling, however this method still remained the most popular (44.1%), with
handline fishing being the second most popular fishing method (36.3%).
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Figure 2. Percentage of fishing trips that used different fishing methods in each survey period.
3.2.2 Habitat fished
Over time there has been an increase in channel and offshore fishing and a decrease in lagoon patch
reef fishing (Figure 3). In 2015-2016, the habitat that was fished the most was lagoon patch reef (30.2%).
In 2017-2018, habitat type was not provided for more than a quarter of interviews, however with the
information provided the habitat fished the most was offshore (20%). In 2018-2019, the habitats fished
the most were channel (26.2%) and offshore (25%).
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Figure 3. Percentage of fishing trips that fished in different habitats in each survey period.
3.2.3 Daily expenses and cost per pound of fish
Mean daily expenses, including fuel and ice, which were recorded during fisher interviews, were similar
between all three survey periods at around $ 45-46 (Figure 4a). Mean daily expenses by fishing method
were highest for trolling in all three time periods, followed by handline and spear fishing. None of the
three fishing methods were significantly different across periods (Figure 4b). Not enough data was
available to assess other fishing methods.
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Figure 4. Mean daily expenses (fuel and ice) in each survey period (a) and by fishing method with
sufficient data (b).
Mean fishing cost per pound of fish caught, was significantly higher in 2018-2019 (1.02 ± 0.07 $ per lb)
compared to 2017-2018 (0.53 ± 0.05 $ per lb) for all fishing methods combined (p<0.001). Mean fishing
cost per pound of fish caught by trolling also doubled from 0.55 ± 0.06 $ per lb in 2017-2018 to 1.18 ±
0.16 $ per lb in 2018-2019 (p<0.001) (Figure 5). Not enough data was available to assess other fishing
methods.
1.4
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All methods
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0
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2018-2019

Figure 5. Mean fishing cost per pound of fish caught in each survey period for all fishing methods and for
trolling. Total catch data was not collected in 2015-2016.
3.2.4 Catch per unit effort (CPUE) and total catch
Mean CPUE for all fishing methods combined was similar in 2017-2018 and 2018-2019, at around 7-8 lbs
per hour. There was also no significant difference in mean CPUE from trolling between 2017-2018 and
2018-2019 (Figure 6a). However, mean total catch for all fishing methods combined was significantly
8
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higher in 2017-2018 compared to 2018-2019 (p<0.001). Mean total catch by trolling was also
significantly higher in 2017-2018 (95.5 ± 8.9 lbs) compared to 2018-2019 (71.2 ± 5.3 lbs) (p<0.05) (Figure
6b).
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Figure 6. Mean catch per unit effort (CPUE) (a) and mean total catch (b) in each survey period for all
fishing methods and for trolling. Total catch data was not collected in 2015-2016.

3.3 Species data
3.3.1 Species contribution to landings
In 2012-2013, Lethrinus olivaceus contributed the highest percentage by weight to landings (13.5 % 338 kg), followed by Lutjanus gibbus (12.3 % - 307 kg) and Chlorurus microrhinos (10.3 % - 257 kg)
(Figure 7 and Appendix 1). In 2015-2016, Chlorurus microrhinos made up almost a quarter of the
landings by weight (23.8% - 391 kg). In 2017-2018, Sphyraena barracuda had the highest contribution
(17.7 % - 543 kg), followed by Thunnus albacares (14.6 % - 447 kg) and Chlorurus microrhinos (11.4 % 350 kg). In 2018-2019, Plectropomus areolatus had the highest contribution (22.5 % - 1311 kg), followed
by Sphyraena barracuda (14.4 % - 841 kg). From 2012-2013 to 2018-2019, the biggest differences in
species contribution to landings were a 14.8 % increase in Plectropomus areolatus, 13.8 % increase in
Sphyraena barracuda and a 10.4 % decrease in Lutjanus gibbus (Figure 8). See Appendix 1 for total
weight of important fish species per survey period.
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Figure 7. Species contribution to landings (%) over time by weight. Reef fish-dominated landings in
2012-2013, and NRFC landings thereafter. Only species contributing >1% to landings are shown.
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Figure 8. Difference in species contribution between reef fish-dominated landings in 2012-2013, and
NRFC landings from 2018-2019 (% of total weight).
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3.3.2 Species size structure
There was only sufficient data available to conduct overtime size-structure comparisons for nine species
(Plectropomus areolatus, Lutjanus gibbus, Lethrinus olivaceus, Lethrinus xanthochilus, Plectropomus
leopardus, Variola louti, Lutjanus bohar, Chlorurus microrhinos and Cetoscarus ocellatus). Of those,
seven species had minimum size regulations established in 2016 and/or 2017 (Lutjanus gibbus, Lethrinus
olivaceus, Lethrinus xanthochilus, Variola louti, Lutjanus bohar, Chlorurus microrhinos and Cetoscarus
ocellatus). In addition, a full harvest ban was in place between 2015 and 2018 for three of those species
(Plectropomus areolatus, Plectropomus leopardus and Variola louti).
Plectropomus areolatus
From 2012-2013 to 2018-2019 there was a clear shift from smaller to larger fish being caught; however,
in 2018-2019 there were still some fish (1.62% of total landings) being caught that were below the
minimum size limit (Figure 9a and Table 1). When fish below the minimum size limit were excluded, the
distribution was found to be significantly different between the two time periods, as larger fish were
found in landings from 2018-2019 (p<0.001) (Figure 9b). We also examined the changes between the
peak month of landings right after the 3-year moratorium was lifted and a year later (November 2018
and November 2019). Analysis revealed a significant shift to smaller fish from 2018 to 2019 (p<0.001),
with only 14.6 % of fish larger than 500 mm caught in November 2019, one year after the three-year ban
was lifted, compared to 32.3 % in November 2018 (Figure 9c). The size structure observed in the peak
November month of 2019 highly resembled that of 2012-2013.
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Figure 9. Length-frequency distribution for Plectropomus areolatus, a) including all data (2012-2013
n=166; 2018-2019 n=803), b) excluding fish below the minimum size limit (2012-2013 n=143; 2018-2019
n=790) and c) excluding fish below the minimum size limit for November 2018 and 2019 (2018 n=383;
2019 n=226). Length was binned into 10 mm size classes. The red dashed line indicates the lowest
minimum size limit of 355.6 mm (14 in) in Ngarchelong implemented after the 3-year moratorium.
Lutjanus gibbus
From 2012-2013 to 2018-2019, there was a clear shift from smaller to larger fish being caught, however
in 2018-2019 there were still some fish (9.66 % of total landings) being caught below the minimum size
limit (Figure 10a and Table 1). When fish below the minimum size limit were excluded, the distribution
was found to be significantly different between the two time periods (p<0.001) (Figure 10b).

Figure 10. Length-frequency distribution for Lutjanus gibbus, a) including all data (2012-2013 n=811;
2018-2019 n=176) and b) excluding fish below the minimum size limit (2012-2013 n=382; 2018-2019
n=159). Length was binned into 10 mm size classes. The red dashed line indicates the lowest minimum
size limit of 254 mm (10 in) in Ngarchelong.
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Lethrinus olivaceus
From 2012-2013 to 2018-2019 the length-frequency distribution shifted to fewer small fish being
caught, however in 2018-2019 there were still fish (7.69 % of total landings) caught that were below the
minimum size limit (Figure 11a and Table 1). When fish below the minimum size limit were excluded, the
distribution was found to be significantly different between the two time periods (p<0.01) (Figure 11b).

Figure 11. Length-frequency distribution for Lethrinus olivaceus, a) including all data (2012-2013 n=232;
2018-2019 n= 130) and b) excluding fish below the minimum size limit (2012-2013 n=155; 2018-2019
n=120). Length was binned into 10 mm size classes. The red dashed line indicates the lowest minimum
size limit of 406.4 mm (16 in) in Ngarchelong.
Lethrinus xanthochilus
From 2012-2013 to 2018-2019, fewer small fish were caught, however there were still fish (4.71 % of
total landings) caught below the minimum size limit in 2018-2019 (Figure 12a and Table 1). When fish
below the minimum size limit were excluded, the distribution was found to be significantly different
between the two time periods (p<0.01) (Figure 12b).
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Figure 12. Length-frequency distribution for Lethrinus xanthochilus, a) including all data (2012-2013
n=90; 2018-2019 n=85) and b) excluding fish below the minimum size limit (2012-2013 n=65; 2018-2019
n=81). Length was binned into 10 mm size classes. The red dashed line indicates the minimum size limit
of 330.2 mm (13 in) in Kayangel. There is no size limit for this species in Ngarchelong.
Plectropomus leopardus
From 2012-2013 to 2018-2019 the length-frequency distribution remained similar (Figure 13a) and in
2018-2019 there was still a small percentage of fish below the minimum size limit (0.77 % of total
landings) (Table 1). When fish below the minimum size limit were excluded, the distribution was not
significantly different between the two time periods (Figure 13b). There was insufficient data for a
comparison after the 3-year ban, between November 2018 and November 2019.

Figure 13. Length-frequency distribution for Plectropomus leopardus, a) including all data (2012-2013
n=96; 2018-2019 n=130) and b) excluding fish below the minimum size limit (2012-2013 n=86; 2018-
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2019 n=129). Length was binned into 10 mm size classes. The red dashed line indicates the lowest
minimum size limit of 279.4 mm (11 in) in Ngarchelong implemented after the 3-year moratorium.
Variola louti
From 2012-2013 to 2018-2019 there was a large shift in the length-frequency distribution from the
majority of fish being caught below the minimum size limit (60.6 %), to almost all fish being caught
above the minimum size limit in 2018-2019, apart from 1.79 % of total landings (Figure 14a and Table 1).
When fish below the minimum size limit were excluded, the distribution was found to be significantly
different between the two time periods (p<0.001) (Figure 14b). There was insufficient data for a
comparison after the 3-year ban in Kayangel, between November 2018 and November 2019.

Figure 14. Length-frequency distribution for Variola louti, a) including all data (2012-2013 n=376; 20182019 n=56) and b) excluding fish below the minimum size limit (2012-2013 n=147; 2018-2019 n=55).
Length was binned into 10 mm size classes. The red dashed line indicates the minimum size limit of 254
mm (10 in) in Ngarchelong. There is no size limit for this species in Kayangel.
Lutjanus bohar
From 2012-2013 to 2018-2019 there was a clear shift from smaller to larger fish being caught, however
there were still fish (9.09 % of total landings) caught below the minimum size limit in 2018-2019 (Figure
15a and Table 1). When fish below the minimum size limit were excluded, the distribution was found to
be significantly different between the two time periods (p<0.001) (Figure 15b). The sample sizes for L.
bohar were low and the results should therefore be treated with caution.
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Figure 15. Length-frequency distribution for Lutjanus bohar, a) including all data (2012-2013 n=61; 20182019 n=66) and b) excluding fish below the minimum size limit (2012-2013 n=21; 2018-2019 n=60).
Length was binned into 20 mm size classes due to small sample sizes. The red dashed line indicates the
minimum size limit of 406.4 mm (16 in) in Ngarchelong and Kayangel.
Chlorurus microrhinos
The length-frequency distribution was similar between 2012-2013 and 2017-2018 (Figure 16a). When
fish below the minimum size limit were excluded, there was no significant difference between the two
distributions (Figure 16b).

Figure 16. Length-frequency distribution for Chlorurus microrhinos, a) including all data (2012-2013
n=91; 2017-2018 n=121) and b) excluding fish below the minimum size limit (2012-2013 n=88; 20172018 n=121). Length was binned into 10 mm size classes. The red dashed line indicates the lowest
minimum size limit of 279.4 mm (11 in) in Ngarchelong.
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Cetoscarus ocellatus
The length-frequency distribution was similar between 2012-2013 and 2017-2018, with a slight shift
towards larger fish (Figure 17a). However, when fish below the minimum size limit were excluded, there
was a significant difference between the two distributions (p<0.01) (Figure 17b).

Figure 17. Length-frequency distribution for Cetoscarus ocellatus, a) including all data (2012-2013 n=81;
2017-2018 n=78) and b) excluding fish below the minimum size limit (2012-2013 n=78; 2017-2018
n=78). Length was binned into 10 mm size classes. The red dashed line indicates the lowest minimum
size limit of 279.4 mm (11 in) in Ngarchelong.

4. Discussion
Many of the findings in this report cannot be extrapolated with confidence to the overall NR fishery due
to the limited number of fishermen selling their catch to the NRFC and subsistence fishing activity not
being captured in the data. Based on the list of fishing permits from Ngarchelong issued in 2017 and
2018, an estimated 22.3% of key fishermen sold their catch to the NRFC during the 2015-2016 period,
increasing to 28.6% in 2017-2018 and 29.5% in 2018-2019. In addition, a recent study from 2018 found
that only 11% of fish caught in Ngarchelong are sold (James, 2019), whereas a study by the Ebiil Society
in 2011 and 2012, estimated that around 42% of the fish caught in Ollei Port, Ngarchelong were used for
commercial or sales purposes (Singeo et al., 2012). Using the total catch data for November 2011 to
November 2012 collected by the Ebiil Society as an estimate of the overall annual landings, an estimated
19% of fish landed in Ollei were sold to the NRFC from November 2018 to November 2019. This is a very
rough estimate since total catch data was missing for numerous fishing trips from both 2011-2012 and
2018-2019 but still gives an indication of how the data is limited to a small percentage of fish sold to the
NRFC.
17

PICRC Technical Report 20-13
Findings related to fishing methods, habitat types and CPUE are especially affected by specific fisher
behavior. Fishermen selling to the NRFC may use certain fishing methods over others and target certain
habitats and species which also affects CPUE, therefore the data could potentially be very biased. The
increase in trolling and fishing in channel and offshore habitats and decrease in spear fishing observed
from 2015-2016 to 2018-2019 is likely due to changes in fishermen selling their catch to the NRFC over
time. The proportion of fishing trips using trolling was much lower in 2011-2012 (13%) (data from the
Ebiil Society study - Singeo et al, 2012) compared to 2018-2019 (44%). The change in methods may also
explain the lower CPUE (7-8 lbs per hour) seen in 2017-2018 and 2018-2019 compared to an average of
13.8 lbs per hour in 2011-2012 (Singeo et al., 2012), since trolling is a less efficient fishing method
compared to other methods (e.g. Western Pacific Regional Fishery Management Council, 2019). The
significantly higher mean cost per pound of fish in 2018-2019 (1.02 ± 0.07 $ per lb) compared to 20172018 (0.53 ± 0.05 $ per lb) is consistent with a significantly lower mean total catch in 2018-2019 (62.6 ±
3.0 lb) compared to 2017-2018 (103.3 ± 8.4 lb) for all fishing methods combined. The same pattern was
seen for trolling. This may indicate that in 2018-2019 more money was spent on a daily basis to catch
less fish compared to 2017-2018, however total catch data was missing for fishing trips from both 20172018 and 2018-2019 so these results and results for CPUE may not be reliable.
Similar biases can be expected regarding catch composition, and this is closely linked to fishing methods
used by fishers. It is noted that the data only represents what fishers were able to allow NRFC to collect
and does not represent all fishing activities that may have occurred in the NR. The shift in species
contribution to a higher percentage of pelagic species such as Sphyraena barracuda, Acanthocybium
solandri, Scomberomorus commerson, Sphyraena qenie and Thunnus albacares and fewer reef species
such as Lutjanus gibbus, Lethrinus olivaceus and Chlorurus microrhinos being caught in 2018-2019
compared to 2012-2013 corresponds to the increase in offshore and channel fishing and the increase in
trolling. A probable driver of the observed changes is the fact that landings recorded in 2012-2013
included a wider representation of NR fishers, including many spearfishes that exclusively target reef
fishes, and whose landings were absent in later monitoring periods. While links to changes in regulations
are not clear, NRFC efforts to encourage a shift from reef fishing to pelagic fishing may also be a
contributor to this change. Additionally, the Ministry of Education is the largest fish vendor for the NRFC
and they preferentially purchase larger fish for the public-school feeding program, which may influence
whether fishers target reef or pelagic fish.
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From 2012-2013 to 2018-2019, the biggest difference in species contribution was a substantial increase
in Plectropomus areolatus landings. This increase is probably associated with the 3-year ban being lifted
in 2018 that lead to a noticeable increase in fishing of this species. Interestingly, stock gains made by this
species over the 3-year ban were apparently lost over the course of the next year following reopening,
as reflected by a significant shift in the size structure. From November 2018 to November 2019 an
increase in smaller fish and decrease in larger fish was seen, with a similar size structure to 2012-2013
seen in November 2019. Low numbers of fish in larger size classes can indicate high mortality of adult
fish (Neumann and Allen, cited in Schultz et al., 2016) and the increased reliance of NRFC landings on a
vulnerable grouper species whose stocks are in very poor condition in Palau is of concern (Rhodes, 2018;
Sadovy, 2007).
Findings related to species-specific size structures are perhaps more robust than interview data,
especially because limited effects of changing fishing methods were found, making these findings
potentially more representative of the NR stock status. After minimum size limit regulations were
introduced in 2016 and 2017 there was a general shift to more large fish and fewer small fish being
caught for seven of the nine species from 2012-2013 to 2018-2019 or 2017-2018 (Table 2). This indicates
that the regulations implemented have worked to encourage a reduction in fishing of smaller fish, and
that a shift in population structure towards larger fishes is occurring. However, in 2018-2019, there were
still fish being caught by fishermen and bought by the NRFC that were below the minimum size limit, for
seven of the nine species (Table 2). Some of this can be explained by the accuracy of length
measurements, by the fishermen, NRFC and EventMeasure program, however some fish were well
below the minimum size limit. In addition, anecdotal evidence suggests poorer compliance by fishers
who don’t sell their catch. This indicates that better enforcement needs to be implemented for fish
below the size limits to not be caught. It is noted that a minimum sample size of 50 was used for lengthfrequency histograms due to a lack of data, however, larger sample sizes are needed for a more
accurate assessment of size structure, especially for larger-bodied fish (Vokoun et al., 2001). Some
species, including Lethrinus xanthochilus, Plectropomus leopardus, Variola louti, Lutjanus bohar,
Chlorurus microrhinos and Cetoscarus ocellatus, had a sample size <100 for one or both time periods;
the results for these species should therefore be interpreted with caution.

19

PICRC Technical Report 20-13
Table 2. Summary of changes in size structure over time for nine species with sufficient data (excluding
fish below the minimum size limit) and number of fish recorded below the minimum size limit in 20182019 or 2017-2018.
Percentage of fish
Change in size
Species
Period
below minimum size
structure over time
limit (%)
Lutjanus gibbus
Yes
2012-2013 to 2018-2019 9.66
Lutjanus bohar
Yes
2012-2013 to 2018-2019 9.09
Lethrinus olivaceus
Yes
2012-2013 to 2018-2019 7.69
Lethrinus xanthochilus
Yes
2012-2013 to 2018-2019 4.71
Variola louti
Yes
2012-2013 to 2018-2019 1.79
Plectropomus areolatus Yes
2012-2013 to 2018-2019 1.62
Plectropomus leopardus No
2012-2013 to 2018-2019 0.77
Chlorurus microrhinos
No
2012-2013 to 2017-2018 0.00
Cetoscarus ocellatus
Yes
2012-2013 to 2017-2018 0.00

6. Recommendations
Due to limited length data, it was only possible to analyze the overtime changes of size structure for
nine species. Other species that were under the 3-year moratorium (Plectropomus laevis, Epinephelus
fuscoguttatus and Epinephelus polyphekadion) and have minimum size limits (Hipposcarus longiceps and
Naso unicornis) were not able to be assessed. In order to be able to accurately assess the size structure
of all species of interest and be able to do further analysis such as estimating spawning potential ratio,
more length data is needed from each time period for each species.
A lot of data from both fisher interviews and fish landing videos that could have been used was lost due
to poor data collection. Interview forms from 2015-2016 didn’t include a field for catch weight but only
the number of fish caught, meaning CPUE, cost per pound of fish and total catch could not be calculated
for this time period. In addition, a large amount of important information was missing from many
interview forms such as fishing method, habitat, expenses, number of people fishing, time spent fishing
and catch weight. Many fish landing videos were not usable due to overlapping of fish, part of the fish
being cut off from the video, poor image quality such as videos taken at night with poor lighting or fish
not being videoed close enough or at an angle that didn’t allow for the lowest taxonomic identification.
In addition, sometimes fish written on the form were different or did not match up to the species in the
videos.
In order to assess the status of fish stocks in the NR, good quality fish landing data representative of the
whole NR fishery and not only from fishermen selling their catch to the NRFC should be collected. This
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would allow a comparison of current data to data collected in 2012-2013, before the NRFC was created.
The response of fish species to fishing regulations and comparison of vulnerable grouper species before
and after the harvest ban across the whole NR fishery could be assessed. To improve data collection, it is
suggested that standardized survey methods are used by trained personnel. This would include using a
standardized interview form containing all information required for the desired analysis filled out
correctly and in full and good quality fish landing videos allowing for identification and length
measurements of all fish landed.
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Appendices
Appendix 1. Total weight (kg) of important fish species caught per period calculated from length data
Reef species
Siganus lineatus (Kelsebuul)
Siganus argenteus (Beduut)
Naso unicornis (Chum)
Naso lituratus (Cherngel)
Lethrinus olivaceus (Melangmud)
Lethrinus obsoletus (udech)
Lethrinus xanthochilis (Mechur)
Lutjanus bohar (Kedesau)
Lutjanus gibbus (Keremlal)
Caranx ignobilis (Erobk)
Caranx melampygus (Oruidel)
Scarus spp. (Mellemau)
Hipposcarus longiceps (Ngeaoch)
Valamugil seheli (Kelat)
Liza vaigiensis (Uluu)
Siganus fuscescens (Meyas)
Plectropomus areolatus (Tiau)
Plectropomus leopardus (Tiau)
Plectropomus laevis (Tiau, Katuu’tiau,
Mokas)
Epinephelus fuscoguttatus
(Meteungerel’temekai)
Epinephelus polyphekadion (Kesau’temekai)
Kyphosus vaigiensis (Komud, Teboteb)
Plectorhinchus albovittatus (Melim ralm,
Kosond/Bikl)
Siganus puellus (Reked)
Siganus punctatus (Bebael)
Cetoscarus ocellatus (Beyadel/ngesngis)
Lethrinus rubrioperculatus (Rekruk)
Chlorurus micorhinos (Otord)
Scarus prasiognathus (Udouungelel)
Pelagic species
Sphyraena barracuda (Ai)
Sphyraena qenie (Meyai)
Acanthocybium solandri (Keskas, Mersad)
Thunnus albacares (Tekuu)
Scomberomorus commerson (Ngelngal)
Elagatis bipinnulata (Desui)
Euthynnus affinis (Soda)
Coryphaena hippurus (Ersuuch)

2012-2013

2015-2016

2017-2018

2018-2019

5.55

3.13

15.00
1.68
338.00
35.62
76.32
80.08
307.05

20.97
87.42
48.83
11.39
24.71
20.55
94.20
8.12
9.72

1.89
0.30
13.76

0.57
2.95
14.52
14.92
250.57
1.31
89.76
215.36
109.05

18.82
37.73

37.58
4.04
2.80
0.78

94.61
54.05
84.92
57.06
26.10
31.57
19.58

31.36
21.09

191.85
56.08

0.53
1310.72
88.91

47.23

35.98

13.15
11.16
3.36

7.36
26.87

14.28
0.90
11.38

0.19
0.48
95.28
125.90
256.87
35.98
17.10
6.97
98.74
20.08
5.24
0.77
23

7.79
129.86
47.02
391.01
3.16
65.13
55.19
123.81
18.14
10.11
13.15
53.15

59.88

75.39

111.28
1.68
349.94
3.62

1.30
19.19
1.66
95.67
4.65

542.97
181.03
213.29
447.34
298.70
12.26
79.41

840.83
349.60
447.71
396.24
421.38
35.21
83.63
68.07
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Katsuwonus pelamis (Katsuo)

1.36

24

2.08

15.75

