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FOREWORD 
 
 
Maria Lourdes D. Palomares 
Sea Around Us, University of British Columbia, Vancouver, Canada 
 
 
The workshop entitled “Training on the use of CMSY for the assessment of Indian 
fish stocks in a data-poor environment” held on 5-6 October 2017 at the Central 
Marine Fisheries Research Institute in Kochi (CMFRI, Kerala, India) was sponsored 
by the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ). The main 
objective of the workshop was to introduce Indian fisheries stock assessment 
scientists to a new method using time series of catch data and estimates of resilience. 
 
The course was based on the method for estimating MSY from catch and resilience of 
Martell and Froese (2013), which was elaborated by Froese et al. (2016a), and 
applied to 397 stocks in 14 European ecoregions by Froese et al. (2016b). 
 
The biological data used to estimate resilience was supplied by FishBase 
(www.fishbase.org), created by Rainer Froese and Daniel Pauly in the 1990s, and 
which is the information system of choice on fish by more than half a million users 
worldwide. Rainer Froese established the estimation of priors for this CMSY method, 
which is integrated in FishBase for most exploited species. The FishBase team 
reviewed the biological data for species identified by the participants via the training 
needs assessment process. Gaps in life traits pertinent to the estimation of the CMSY 
prior “r” (intrinsic rate of population increase) were filled in FishBase for fishes and 
in SeaLifeBase for invertebrates. 
 
The workshop participants consisted of 18 CMFRI staff from five Divisions (i.e., 
Fishery Resources Assessment, Pelagic Fisheries, Demersal Fisheries, Molluscan 
Fisheries, and Crustacean Fisheries), two from the Department of Fisheries - 
Bangladesh, and two from the Bay of Bengal Program - IGO, Chennai (see Annex A). 
Seven of the about 700 commercially exploited species in India, were identified by 
the participants as the major species of concern for stock assessment. Results of the 
CMSY analyses are presented in the section on “Analysis of some Indian stocks”. 
 
This workshop is unique in that the main lecture by Dr. Rainer Froese (see the 
section on “Data-Limited Stock Assessment using CMSY/BSM”) was delivered via 
Skype. The excellent facilities at the CMFRI in Kochi permitted the use of modern 
technology that brought Dr. Froese’s voice and expertise from Kiel (Germany) into 
the training room in Kochi (Kerala, India). The review by Dr. Froese of the results of 
the first and second rounds of analyses via a Skype forum on the second day of the 
workshop, demonstrated that a critical look at the data forms an integral part of the 
analysis. The two rounds of analyses and ensuing discussion of results permitted the 
timely drafting of the group reports presented here. 
 
In the interest of improving the application and use of CMSY/BSM method, we 
summarized the installation issues and possible solutions (relative to the user guide 
presented in Annex B), as well as some frequently asked questions relating to the 
application of the method to real data (as opposed to simulated data), in Annex C. 
 
Overall, the sponsors, participants and organizers considered this workshop as a 
success as can be deducted from the workshop evaluation results (see Annex D) and 
from the CMFRI media release printed by The Hindu (see Annex E). 
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WORKSHOP PROGRAMME 
 
 
Thursday 
5 Oct 2017 Activity Resource person 

08:30 Registration  
09:00 Welcome address CMFRI 
09:15 Welcome address GIZ 
09:30 Introductions 5 minutes per participant 
10:00 Coffee break; setting up of computers, 

connecting to internet for Skype lecture 
 

10:30 Introducing FishBase and SeaLifeBase; 
Obtaining priors for CMSY analyses 

Dr M.L. Deng Palomares, 
University of British Columbia, 
Canada 
Ms Crispina Binohlan, FIN, 
Philippines 

11:00 Form participant groups (assign group 
leaders); 
Installing R Studio and libraries; 
Formatting catch data and FishBase 
priors into CMSY input files 

Dr Palomares and Ms Binohlan 
hands on with participants 

12:00 Lunch  
13:00 Continue data formatting and preparing 

CMSY input files 
Participants 

13:30 Introduction to CMSY/BSM Dr Rainer Froese, GEOMAR, 
Helmholtz-Centre for Ocean 
Research, Germany (via Skype, 
10:00 German time) 

15:00 Coffee break  
15:30 Running CMSY analyses Participants guided by Dr 

Palomares and Ms Binohlan 
17:00 Preparing results for presentation; 

Documenting participants’ analyses 
(including learning experience on 
CMSY) into a technical report 

Dr Palomares 

17:30 Open forum  
18:00 Close of Day 1  

Friday 
6 Oct 2017 Activity Resource person 

09:00 Presentation of results by participants Group leaders 
10:00 Coffee break; setting up of computers, 

connecting to internet for Skype lecture 
 

10:30 Collaborating with FishBase and 
SeaLifeBase 

Ms Binohlan 

12:00 Lunch  
13:00 Documenting participants’ analyses 

(including learning experience on 
CMSY) into a technical report 

Dr Palomares 

13:30 Participants to follow the report 
template to write their technical reports 

 

14:00 Forum with Dr Rainer Froese including 
interpretation of participants’ results 

Via Skype 

15:00 Coffee break  
15:30 Continue report writing  
17:00 Closing remarks CMFRI and GIZ 
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DATA-LIMITED STOCK ASSESSMENT USING CMSY/BSM 
 
 

INTRODUCTION TO CMSY/BSM1 
 
 

Rainer Froese 
GEOMAR, Helmholtz-Centre for Ocean Research, Kiel, Germany 

 
 
This study presents a Monte Carlo method (CMSY) for estimating fisheries reference 
points from catch, resilience, and qualitative stock status information on data-limited 
stocks. It also presents a Bayesian state-space implementation of the Schaefer 
production model (BSM), fitted to catch and biomass or catch per unit of effort 
(CPUE) data. Special emphasis was given to derive informative priors for productivity, 
unexploited stock size, catchability, and biomass from population dynamics theory. 
Both models gave good predictions of the maximum intrinsic rate of population 
increase r, unexploited stock size k and maximum sustainable yield MSY when 
validated against simulated data with known parameter values. CMSY provided, in 
addition, reasonable predictions of relative biomass and exploitation rate. Both 
models were evaluated against 128 real stocks, where estimates of biomass were 
available from full stock assessments. BSM estimates of r, k, and MSY were used as 
benchmarks for the respective CMSY estimates and were not significantly different in 
76% of the stocks. A similar test against 28 data-limited stocks, where CPUE instead 
of biomass was available, showed that BSM and CMSY estimates of r, k, and MSY 
were not significantly different in 89% of the stocks. Both CMSY and BSM combine 
the production model with a simple stock-recruitment model, accounting for reduced 
recruitment at severely depleted stock sizes.2 
 
 

                                                 
1 Cite as: Froese R. (2017) Introduction to CMSY/BSM. PowerPoint Lecture Conducted via Skype. In: 
Palomares M.L.D., Froese R. (eds.) Training on the use of CMSY for the assessment of fish stocks in 
data-poor environments, p. 4-16. Workshop report submitted to the GIZ by Quantitative Aquatics, Inc. 
Q-quatics Technical Report No. 2, 58 p.  
2 Rainer Froese, Nazli Demirel, Gianpaolo Coro, Kristin M. Kleisner, Henning Winker. 
Abstract. In: Rainer Froese, Nazli Demirel, Gianpaolo Coro, Kristin M. Kleisner, Henning 
Winker. Estimating fisheries reference points from catch and resilience. Fish and Fisheries. DOI 
10.1111/faf.12190. (2016) 
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ANALYSIS OF SOME INDIAN STOCKS 
 
 

SUMMARY OF WORKSHOP RESULTS3 
 
 

Maria Lourdes D. Palomares 
Sea Around Us, University of British Columbia, Vancouver, Canada 

 
 
Participants of the Kochi CMSY workshop identified seven species for which data are 
available and which are of major interest in their fisheries, viz.: Nemipterus 
japonicus from the Chennai coast (see Dash et al., this volume); Rastrelliger 
kanagurta from South Kerala (see Sathianandan et al., this volume); Sardinella 
longiceps from Kerala (see Ganga et al., this volume); Saurida undosquamis from 
the east coast of India (see Kizhakudan et al., this volume); Tenualosa ilisha from 
Bangladesh (see Al-Mamun et al., this volume); Thunnus albacares from the Indian 
Ocean (see Vivekanandan et al., this volume); and Trichiurus lepturus from 
Karnataka (see Dineshbabu, et al., this volume). 
 
The catch and effort data used by the participants (with the exception of yellowfin 
tuna catch data from the IOTC and the hilsa shad data from the literature) were 
extracted from the CMFRI database of catch time series by gear, by fishing area (i.e., 
by state), by species, supplemented with real-time fisheries survey abundance data 
conducted by the Fishery Survey of India (see Pillai and Katiha, 2004; Pillai et al., 
2007; Srinath and Jayasankar, 2007). These data were obtained using a multistage 
stratified random sampling design stemming from the work of Banerji and 
Chakraborty (1973) and improved over the years as the fishery evolved (see Devaraj 
and Vivekanandan, 1999; Mohan Joseph and Jayaprakash, 2003; Srinath et al., 
2006). 
 
Participants’ first insights on the CMSY/BSM method include the following: a) gear 
efficiency in these fisheries evolved over time, which requires standardization of 
CPUE; b) catch data, in general, have a wide range of variability, which produced, in 
some cases, a Monte-Carlo viable r-k log space that widens instead of the expected 
tapering to the lower right corner of the space; c) catch data source inconsistencies, 
e.g., when survey data was used to raise the landings sample to the catch, are likely 
sources of variability; d) sensitivity of species to environmental factors was suspected, 
in some stocks, to affect the distribution of the species, and therefore their availability 
to the fishery, which in turn might be responsible for the variability in the catch data. 
 
In response to these, Dr. Gianpaolo Coro, one of the co-authors of the CMSY/BSM 
software, commented that: “CMSY can account for errors in the data when these are a 
small percentage in the whole time series. Sometimes it is useful to cut-off pieces of 
the time series and make CMSY fill the gaps. However, this requires expert 
knowledge of which segments of the time series are more reliable.” In addition, the 
CMSY user guide (see Annex D) indicates the use of CPUE from the most dominant 
gear type, i.e., that which catches more than 50% of the landings. 
 

                                                 
3 Cite as: Palomares M.L.D. (2017) Summary of workshop results. In: Palomares M.L.D., Froese R. 
(eds.) Training on the use of CMSY for the assessment of fish stocks in data-poor environments, p. 17-
19. Workshop report submitted to the GIZ by Quantitative Aquatics, Inc. Q-quatics Technical Report 
No. 2. 58 p. 
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Dr. Coro also points out that “CMSY does not estimate the general resilience and 
productivity of the species, but produces a "local" estimate, explicit to the stock, 
which accounts for a number of factors that may also include climate change as far as 
the Schaefer equilibrium curve correlating biomass and yield remains valid. One 
assumption of CMSY is that the calculated r and k estimates are specific to a stock 
and do not refer to the species in general. This means that species interactions and 
environmental impact are implicitly considered in these estimates, because the 
intrinsic rate of population increase and the carrying capacity are measured with 
respect to a certain marine area. The r and k parameters estimated by CMSY 
summarize these life-history traits in a certain marine area, given the species’ 
interactions in that specific environment. Thus, the CMSY estimates indirectly 
involve natural mortality caused by predation and somatic growth depending on 
available food resources, and recruitment conditioned by environmental conditions 
and by parental egg production. This assumption means that interactions between 
different stocks are implicitly taken into account by CMSY, when employed in a 
multi-species model on a certain area." The reader is thus encouraged to keep these 
comments in mind when perusing the seven assessments presented in the following 
sections. 
 
Assessments of the 2006-2008 landings against the historical maximum catches 
(1971-2005) from Karnataka (see Mohamed and Veena, 2016) indicate that some of 
these stocks are abundant, at least in the west coast (Nemipterus sp., Saurida sp., 
Sardinella longiceps, Trichiurus lepturus); while Rastrelliger kanagurta is now on a 
declining trend. It is interesting to note that the results of the CMSY/BSM analyses 
performed by the workshop participants indicate that, in general and over the last 
decade, these species (with the exception of T. lepturus) are exploited at F/Fmsy>1, 
with B/Bmsy just about the 0.5 limit. That is, given the high exploitation rate, the 
abundance of these species are likely threatened because they are harvested at a rate 
at which the remaining biomass are reduced to a level that might not be sufficient for 
regeneration, and if sustained, might lead to stock depletions. It would thus be 
prudent for CMFRI scientists to rerun these analyses using their most recent catch 
and CPUE data, and to consult with the authors of the CMSY/BSM method with 
regards the interpretation of new results. 
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STOCK STATUS OF NEMIPTERUS JAPONICUS ALONG THE CHENNAI COAST4 

 
 

Gyanranjan Dash 
Crustacean Fisheries Division, Digha Centre  

Central Marine Fisheries Research Institute, India 
 

Jasmin F. 
Molluscan Fisheries Division, Visakhapatnam Centre 

Central Marine Fisheries Research Institute, India 
 

Kavitha M. 
Molluscan Fisheries Division, Tuticorin CentreI 

Central Marine Fisheries Research Institute, India 
 
 
Introduction 
 
Threadfin breams are one of the major demersal fishery resources, contributing 4.6% 
to the total marine landings of India. Total Indian landings of threadfin breams in 
2016 were about 160,000 tonnes and 17.3% of the total demersal catch. Almost 90% 
of the threadfin bream fishery of India is contributed by two species, Nemipterus 
japonicus and N. randalli. 
 
N. japonicus has a widespread distribution throughout the Indian Ocean (Russell, 
1990). This fish is mostly caught in trawls all along the Indian EEZ. It is a fast 
growing species with a life span of around 3-4 years (Gulati, 2007; Devaraj and Gulati, 
1988). They are targeted due to the high demand for surimi-based processing 
industries (Swatipriyanka Sen et al., 2014). The total fish production of Tamil Nadu 
was about 700,000 tonnes in 2012 (CMFRI, 2011-2012). About 46% of the Tamil 
Nadu catch was caught from the Coromandel coast. The pelagic fisheries dominated 
the Coromandel coast (Chennai); however, demersal fisheries contributed about 30-
35%. N. japonicus constitutes nearly 4.3% of the total trawl catch along the Chennai 
coast. 
 
Methods and Data 
 
The trawl landings along the Indian coast is collected by the modified Multistage 
Stratified Random sampling method where, depending on the landing proportion 
suitable subsamples of fishing boats were thoroughly sampled for the commercial 
fish landings during certain randomly selected observation days. Landings of such 
boats were averaged and raised for daily catch by multiplying with actual numbers of 
boat landed during that fishing observation day. The landings of the observation days 
were raised to monthly catch with a raising factor based on number of fishing days in 
that particular month.  Then such monthly catch data were summed up for the 
annual catch or landing data. The actual fishing hours were used for the effort 
calculation. Catch and effort data of N. japonicus during 1979 to 2003 were used for 
CMSY analysis using R studio software (Froese et al., 2017). Resilience was set to 

                                                 
4 Cite as: Dash G., Jasmin F., Kavitha M. (2017) Stock status of Nemipterus japonicus along the 
Chennai Coast. In: Palomares M.L.D., Froese R. (eds.) Training on the use of CMSY for the assessment 
of fish stocks in data-poor environments, p. 20-23. Workshop report submitted to the GIZ by 
Quantitative Aquatics, Inc. Q-quatics Technical Report No. 2. 58 p. 
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Medium and the r-range was set to 0.42 to 1.86, both taken from FishBase 
(www.fishbase.org). 
 
 Results and Discussion 
 
The first analysis (see Figure 1) with start 1979 and end year 2003 (25 years) showed 
a divergence between CMSY and BSM, caused by an unrealistically low start CPUE 
and a too high prior range for r. To deal with the unrealistically low CPUE in 1979, 
the start year was set to 1985 with a prior start biomass set to 0.4 to 0.8. To deal with 
the unrealistically high r-range, the range was removed (set to NA in the ID file), 
which forces the code to use the default range (0.2-0.8) for Medium resilience. To 
account for the low CPUE at the end of the time series, the prior end biomass was set 
to 0.01-0.3 in the ID file. Then the analysis was re-run. 
 
 

 
Figure 1. First run of the CMSY analyses on Nemipterus japonicus catch 
data (1979-2003) from the Chennai Coast, using prior r and CPUE without 
start or end biomass priors. 

 
 
The results of this second run (see Figure 2) showed a much better agreement 
between the catch-based CMSY and the catch and CPUE based-BSM models. The 
viable r-k combinations showed a good overlapping of CMSY (blue cross) and BSM 
(red cross) at the lower right end (Figure 2; upper panel). The exploitation rate of 
CMSY (blue) shows a similar trend to the exploitation rate of BSM (red). The points 
in the equilibrium curve are well scattered which showed the fluctuating behaviour of 
the fishery. The MSY predicted by BSM was about 1,000 t. During 1990 to 2003, the 
catch was above MSY in most of the years because of high exploitation, most likely 
linked to the increased demand from the surimi industry. Both the biomass and 
exploitation graphs (Figure 2; lower panel) show a narrow range of uncertainty with 
high exploitation and most of the area is covered under 95% confidence level. The 
management would be well advised to reduce the effort for the sustainability of the 
stock. 
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Figure 2. Second run of the CMSY analyses on Nemipterus japonicus 
catch data (1985-2003) from the Chennai Coast, with priors of start 
biomass set to 0.4 to 0.8 and end biomass set to 0.01-0.3. 
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USE OF CMSY AND BSM FOR THE ASSESSMENT OF INDIAN MACKEREL, 

RASTRELLIGER KANAGURTA ALONG THE SOUTH KERALA COAST5 
 
 

Sathianandan T.V., Kuriakose S., Mini K.G., Varghese E. 
ICAR-Central Marine Fisheries Research Institute, Kochi, Kerala, India 

 
 

Introduction 
 
Indian mackerel, Rastrelliger kanagurta, 
is an important pelagic fish resource of 
Kerala. The resource exists as a single 
stock along the Kerala coast. Several 
gears have been found to harvest 
mackerel almost throughout the year. 
Like any other tropical pelagic fish, 
mackerel also exhibited seasonal and 
annual fluctuations in landings. 
 
Methods and Data 
 
The mackerel catch was estimated from the commercial landings along the southern 
coast of Kerala, based on a scientifically planned sampling design based on a 
stratified multi-stage random sampling technique, where the stratification is over 
space and time. The present analysis focused on the estimation of CMSY and BSM for 
mackerel resource off South Kerala.  Time series catch data from 1991 to 2014 was 
used for the analysis. The resource is exploited mainly by seines, gillnet and trawl. 
CPUE was estimated by using standardised fishing effort for the same period. 
 
Results and Discussion 
 
Figure 2A shows in black the time series of catches of Indian mackerel during 1991-
2014 and in blue the three-years moving average with indication of highest and 
lowest catch in 1994 and 2006 respectively. This has been used in the estimation of 
prior biomass by the default rules. 
 
Figure 2B shows the explored r-k log space and in dark grey the r-k pairs, which were 
found by the CMSY model to be compatible with the catches and the prior 
information. Figure 2C shows the most probable r-k pair and its approximate 95% 
confidence limits in blue. The black dots are possible r-k pairs found by the BSM 
model, with a red cross indicating the most probable r-k pair and its 95% confidence 
limits. Altogether 477 viable trajectories for 455 r-k pairs were found by the CMSY 
analysis and the final estimates are, viz.: r= 1.11, 95% CL=0.869-1.43, k=127, 95% 
CL=97.7-164; MSY=35.3, 95% CL=31.8-39.1. Results from Bayesian Schaefer model 
(BSM) using catch & CPUE are, viz.: q=15.4, lcl=13.2, ucl=18; r=1, 95% CL=0.878-
1.15; k=148, 95% CL=124-178; MSY=37.3, 95% CL=32.1-43.3. The values of r and 
MSY by both the methods seem to be at par.  
 
                                                 
5 Cite as: Sathianandan T.V., Kuriakose S., Mini K.G., Varghese E. (2017) Use of CMSY and BSM for 
the assessment of Indian mackerel, Rastrelliger kanagurta along the South Kerala coast. In: Palomares 
M.L.D., Froese R. (eds.) Training on the use of CMSY for the assessment of fish stocks in data-poor 
environments, p. 24-26. Workshop report submitted to the GIZ by Quantitative Aquatics, Inc. Q-
quatics Technical Report No. 2. 58 p. 

 
Figure 1. Indian mackerel, Rastrelliger 
kanagurta from the Kerala Coast. Photo by 
FAO. 
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Figure 2. Preliminary results of the CMSY analysis of Indian mackerel catch 
and CPUE data for the period 1991-2014 and with the following priors: initial 
relative biomass=0.1-0.5 default; intermediate rel. biomass=0.01-0.4 in year 
2002 default; final relative biomass=0.2-0.6 default; r=0.6-1.5 default, prior 
range for k=35.6-356; q = 11.8-37.3. 

 
 
Figure 2D shows the available abundance data in red, scaled to the BSM estimate of 
Bmsy = 0.5 k, and in blue the biomass trajectory estimated by CMSY. Dotted lines 
indicate the 2.5th and 97.5th percentiles (see Table 1). Vertical blue lines indicate the 
prior biomass ranges. Figure 2E shows in red the harvest rate (catch/abundance) 
scaled to the r/2 estimate of BSM, and in blue the corresponding harvest rate from 
CMSY. Incorporation of CPUE in the analysis resulted in an increase in the 
exploitation rate from 0.894 to 1.66. 
 
 
Table 1. Results of the CMSY/BSM estimates presented in Figure 2D. 
Analysis Relative 

biomass in last 
year 

2.5th percentile 97.5th percentile Exploitation 
F/(r/2) in last 
year 

CMSY  0.575 0.294 0.6 0.894 
BSM  0.294 0.205 0.444 1.66 
 
 
Figure 2F shows the Schaefer equilibrium curve of catch/MSY relative to B/k, here 
indented at B/k < 0.25 to account for reduced recruitment at low stock sizes. The red 
dots are scaled by BSM estimates and the blue dots are scaled by CMSY estimates. 
 
The results based on BSM analysis (Figure 3), indicates that catch declined from 
2001 onwards and the exploitation rate is mostly too high throughout the period 
under study. Catches should be reduced so that F falls just below Fmsy. After 2-3 
years, when stock biomass has recovered above Bmsy, catches can be maintained at 
about 90% of MSY. 
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Figure 3. Results of the BSM analysis for Indian mackerel catch data for the 
period 1991-2014: Fmsy=0.502, 95% CL=0.439-0.575 (if B>1/2 Bmsy then 
Fmsy=0.5r); Fmsy=0.502, 95% CL=0.439-0.575 (r and Fmsy are linearly 
reduced if B<1/2Bmsy; MSY=37.3, 95% CL=32.1-43.3; Bmsy=74.2, 95% 
CL=61.9-89; Biomass in last year=43.6, 2.5th percentile=30.5,97.5th 
percentile=65.9; B/Bmsy in last year=0.587, 2.5th percentile=0.411, 97.5th 
percentile=0.888; Fishing mortality in last year=0.832, 2.5th 
percentile=0.55, 97.5th percentile=1.19. 
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Introduction 
 
Indian oil sardine (Sardinella longiceps; 
see Figure 1) is the largest contributor to 
the marine fish landings of India peaking 
at 15-20% of the total marine fish 
landings in the 1980s (see Balan, 1984). 
It is managed as a single stock with 
distribution in the Arabian Sea (West 
coast of India) and Bay of Bengal (East 
coast of India; see Pillai et al., 2003). There are several local spawning stocks as 
inferred from samples collected on size groups in different fishery centres along the 
Indian coast and recent genetic studies. It has an ‘r’ type growth pattern with short 
lifespan, rapid growth, high fecundity and resilience. The average size of the smallest 
mature fish obtained in the catch is 120 mm; while 50% of the fishes in the catch are 
mature individuals are on average of 145 mm length, and >90% are 170 mm (see 
Figure 2). 
 
Seasonal, annual and decadal fluctuations have been observed in its fishery and 
several reasons attributed to these fluctuations include fishing, biological stress, and 
unfavorable environmental conditions prevailing in the sea, and climate change (see 
Raja, 1969). Environmental factors such as rainfall, SST, and currents play a major 
role in its distribution, abundance patterns and spawning and recruitment success 
(Vivekanandan et al., 2009). For instance, 2012 was a very favourable year, which 
benefited from the strong 0-year class of the previous year. Succedding year classes 
(2013 onwards) were adversely affected by the southwest monsoon (rainfall) and 
warmer SST, which inadvertently affected maturation and spawning/recruitment of 
the Indian oil sardine.  
 
Historically, catches have seriously collapsed during the early 40s, mid 60s and in 
1994 to gradually recover a few years later (Pillai et al., 2003). The fishery regained 
normalcy in 2000-2010. Seines of generally 18-22 mm mesh size are the most 
popular gear deployed for harvesting the oil sardine in India. Fishing effort varies 
depending on the wide range of crafts employed in the fishery (overall length of craft, 
engine power, fish finding devices, fish hold capacity, manpower employed) and 
complicates gear standardisation efforts (Abdussamad et al., 2015). The worst year in 
recent history of oil sardine fishery according to fishers is 2014. Over capacity and 
higher than desirable fishing effort by ring seines has also been reported (see CMFRI 
Annual Reports available at eprints@cmfri.org.in), which aggravated the effects of an 
environmentally unfavourable year. Thus, a minimum legal size of 12-13 cm was 
introduced as a first step towards responsible fishing in an open-access fishery, and 
which will be reviewed after a period of 5 years (Ramachandran and Mohamed, 2015). 
                                                 
6 Cite as: Ganga U., Rajesh K.M., Vivekanand B. (2017) CMSY for stock assessment of the Indian oil 
sardine. In: Palomares M.L.D., Froese R. (eds.) Training on the use of CMSY for the assessment of fish 
stocks in data-poor environments, p. 27-30. Workshop report submitted to the GIZ by Quantitative 
Aquatics, Inc. Q-quatics Technical Report No. 2. 58 p. 

Figure 1. The Indian oil sardine, Sardinella 
longiceps. Photo by Dr K.M. Rajesh 
(CMFRI). 
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Figure 2. Some life history parameters of the Indian oil sardine. MLS=minimum legal size; 
MSM=minimum size at maturity; SFM=size at first maturity; Lopt=the length at which a 
fishery would obtain the maximum possible yield if it were to catch only fish of this size. 
 
 
Methods and Data 
 
Data on oil sardine landings along the Kerala coast was collected following the 
Stratified Multistage Random Sampling Method developed by ICAR–CMFRI (Srinath 
et al., 2005) to estimate the marine fish landings by the Fishery Resources 
Assessment Division and available at its National Marine Fisheries Data Centre. The 
fishery had shown a collapse in 1994 and the biomass was very low the following year, 
which gradually recovered. Data on catch and CPUE for seines, from 2000-2015 were 
used for the CMSY analysis (see Froese et al., 2017), which was a period where effort 
levels by the ringseiner units in the fishery had reached its peak and become stable. 
The analysis was run with resilience=high (adapted from FishBase, 
www.fishbase.org7), and the prior start biomass at 0.01-0.4 to account for the effect 
of the stock collapse in 1994. 
 
Results and Discussion 
 
Results indicated that the fishery is declining from 2012 after having attained peak in 
the same year. The exploitation has increased considerably after 2010 and is reflected 
in a decline in biomass (Figure 3 Upper Panel). The estimated Maximum Sustainable 
Yield (MSY) is only about 250,000 t  but the catch level was > 300,000 t during the 
2011  and 2012 period making it vulnerable to serious collapse which eventually did 
occur. The estimates obtained from the CMSY analysis MSY=251,000 t (CI=210,000-

                                                 
7 FishBase version of 06/2017; http://www.fishbase.org/summary/Sardinella-longiceps.html, accessed 
October 5 2017. 
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299,000 t) and BSM=239,000 t (CI=214,000-266,000 t) indicated the estimates to 
be in close proximity. 
 
The indicators from monitoring of the oil sardine catches (size groups available, their 
biological condition, (maturity, feeding, condition factor)  and presence of new 
recruits in the fishing grounds as recorded from surveys with the fishermen have 
reiterated observation of a much lower biomass in the region post 2012 and confirm 
the conclusions drawn with the CMSY method. The overfishing is evident in the 
exploitation rate being consistently over the optimum level except for 3 years (2001, 
2009 and 2010) during the period analysed and that peaked in 2012. Later 
exploitation rate decreased due to cutting down of fishing trips by the seine boats due 
to non-availability of sardine in the fishing grounds. El Nino resulting in erratic 
rainfall had seriously affected the spawning and recruitment of the fishes during 
2013-15 period. Overfishing coupled with the unstable environmental conditions can 
seriously affect the fishery leading to its collapse which appears to be true for oil 
sardine fishery for Kerala. 
 
Resilience of the species is high but  it takes 6-10 years for recovery after a severe 
decline for oil sardine (Mohamed and Veena, 2016). Already, the fishers due to the 
perceived unavailability in the normal fishing grounds during the 2013-15 period 
have reduced their fishing trips. It is suggested that the fishing effort may be 
continued to be kept low for at least two more years, to allow the stock to revive. The 
effort standardisation given the open-access nature of marine fisheries in India 
remains a hurdle in using CPUE indicators and the CMSY method appeared to give a 
reliable assessment of the fishery in a data poor environment. 
 
References 
 
Abdussamad E.M., Ganga U., Koya K.P.S., Prakasan D., Gireesh R. (2015) Ring seine 

fishery of Kerala: An overview. Marine Fisheries Information Service Technical 
and Extension Series, 225: 3-8. CMFRI, Cochin, India. 

 
Balan V. (1984) The Indian oil sardine fishery: a review. Marine Fisheries 

Information Service Technical and Extension Series, 60: 1-10. CMFRI, Cochin, 
India.  

 
Froese R., Demirel N., Coro G., Kleisner K.M., Winker H. (2017) Estimating fisheries 

reference points from catch and resilience. Fish and Fisheries, 18: 506-526. 
 
Mohamed K.S., Veena S. (2016) How long does it take for tropical marine fish stocks 

to recover after declines? Case studies from the southwest coast of India. 
Current Science, 110 (4): 584-594. 

 
Pillai N.G.K., Ganga U., Jayaprakash A.A. (2003) Indian Oil Sardine. In: Status of 

Exploited Marine Fishery Resources of India, pp. 18-24. CMFRI, Cochin. 
 
Raja B.T.A. (1969) The Indian oil sardine. Bulletin of the Central Marine Fisheries 

Resesarch Institute No. 16. Mandapam Camp. India. 
 
Ramachandran, Mohamed (2015) Responsible Fisheries Kerala Fish worker open 

new path in co-governance. Economic & Political Weekly, 1 (35). 
 
 



 

 30

 
 

 
Figure 3. Results of the CMSY/BSM analysis using the method of Froese et al. 
(2017) on catch and CPUE data of the Indian oil sardine from Srinath et al. 
(2005). 
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Introduction 
 
The brushtooth lizardfish, Saurida 
undosquamis, is a commercially 
important demersal fish resource 
along the southeast coast of India 
(see Figure 1). The species ranges in 
distribution from the eastern Indian 
Ocean to southwestern Australia 
(Russell, 1999). It is an active, 
voracious predator feeding on fishes 
particularly those inhabiting 
demersal and mesopelagic waters. It 
also feeds on shrimp and squid. 
Cannibalism is prominent. Sexes 
are separate, and spawning is seen 
year round, with a prominent peak 
during Oct-Dec in the region (Kadharsha et al., 2013). The resource is primarily 
consumed fresh in the region. The stock of S. undosquamis along the east coast of 
India is considered to be a single stock. Mechanized trawlers operating in the region 
take this resource. The trawl fleet operating off Chennai covers an area from 
Nizamapatnam in the north to Nagapattinam in the south. 
 
Methods and Data 
 
For the purposes of the CMSY training workshop, we used trawl fishery landing of S. 
undosquamis (in tonnes) and fishing effort data (in actual fishing hours) from 
Chennai for the years 1987-2009 (CMFRI). The data was collected following the 
Stratified Multi-stage Random Sampling method (Srinath et al., 2005). The catch per 
unit effort (CPUE) in kg/h was estimated by dividing the landings (in kg) with the 
fishing hours. Both the landings data and CPUE data was used for the analysis. 
 
Results and Discussion 
 
Landings of S. undosquamis by mechanized trawlers operating off Chennai ranged 
from 454 t (2005) to 2645 t (1996). The average landing during the time period was 
1277 t. CPUE ranged from 0.4 kg/h to 7.5 kg/h with an average of 2.9 kg/h. Landings 
showed a declining trend overall with a sharp decline from 1995 to 1999. During the 
1980s, lizardfish contributed nearly 10-11% of trawl landings at Chennai, which 
subsequently fell to about 2-3% during the 1990s. 

                                                 
8 Cite as: Kizhakudan S.J., Menon M., Najmudeen T.M. (2017) Report on the analysis of Saurida 
undosquamis using CMSY/BSM. In: Palomares M.L.D., Froese R. (eds.) Training on the use of CMSY 
for the assessment of fish stocks in data-poor environments, p. 31-34. Workshop report submitted to the 
GIZ by Quantitative Aquatics, Inc. Q-quatics Technical Report No. 2. 58 p. 

 
Figure 1. Landings of brushtooth lizardfish, 
Saurida undosquamis, from the southeast coast of 
India. Photo by Dr. T.M. Najmudeen (CMFRI). 
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Prior to 1990, S. undosquamis was the sole species of lizardfish landed at Chennai. 
Since then, the contribution of the species to lizardfish landings at Chennai fell 
continuously and by 2009 it formed only 27% of lizardfish landings. 
 
  

 
 

 
Figure 2. Results of the CMSY/BSM analyses for the brushtooth lizardfish, Saurida 
undosquamis, from the southeast coast of India. Upper panel: Fitting of r and k priors to the 
catch and catch-per-unit-of-effort data. Lower panel: management analyses based on BSM. 
Results for management based on BSM analysis: Fmsy = 0.461, 95% CL = 0.413 - 0.515 (if B > 
1/2 Bmsy then Fmsy = 0.5 r); Fmsy = 0.289, 95% CL = 0.259 - 0.323 (r and Fmsy are linearly 
reduced if B < 1/2 Bmsy); MSY = 1.66, 95% CL = 1.55 - 1.78; Bmsy = 3.61, 95% CL = 3.26 - 
3.99; Biomass in last year = 1.13, 2.5th perc = 0.688, 97.5 perc = 2.16; B/Bmsy in last year = 
0.314, 2.5th perc = 0.191, 97.5 perc = 0.6; Fishing mortality in last year = 0.696 , 2.5th perc = 
0.364 , 97.5 perc = 1.15; Exploitation F/Fmsy = 2.4, 2.5th perc = 1.26, 97.5 perc = 3.96. 
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Output of CMSY Analysis 
 
The results (see Figure 2) suggest declining catch and declining stock. The current F 
is always higher than the Fmsy, with F/Fmsy increasing from 1 to 3. The biomass is 
initially higher than the Bmsy, but then decreases and falls below Bmsy, with B/Bmsy 
ratio decreasing from 1.3 to 0.4. 
 
The initial range of biomass set to 0.6-0.8 seems reasonable as the catch was high in 
the initial years and the resource has been an important component of trawl catches 
in past years. The intermediate biomass set to 0.1-0.4 at the intermediate year 1998 is 
also acceptable, as the catch had started declining gradually. The final biomass of 
0.01-0.3 is also acceptable as the catch continued to decline. 
 
The data presented is for the period 1987-2009. Post 2009, the catch of this species 
continued to decline, and it currently contributes to 1-2% of the lizardfish landings in 
Chennai. The mean size of the species in the fishery has also declined from 190-200 
mm to 150-160 mm, and there has been an increase in the quantum of juveniles 
landed. This could also have contributed to the decline in landings. 
 
 

 
Figure 3. Details of the biomass priors used as input parameters in the 
CMSY/BSM analysis of Saurida undosquamis from the southeast coast of 
India. 

 
 
 Management Suggestions 
 
 It is evident that the stock has declined considerably over the 21-year time period, 
which calls for serious and immediate fishery management actions, which can 
include: 
 

• Minimum legal size at capture; 
• Mesh size regulation; 
• Demarcation of juvenile grounds for seasonal closures; 
• Reduction in fishing effort. 

 
However, this resource is not a targeted one and management actions need to be 
interpolated to measures derived for other important commercial resources. Thus, 
mesh size regulation and reduction in fishing effort would be subject to parallel 
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management needs for other resources, and would have to be part of a multispecies 
fishery management module. 
 
The role of S. undosquamis in the trophic network would also have to be considered 
to understand the impact of its removal from the ecosystem on other resources, and 
the imbalance created by changes in its abundance. 
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Introduction 
 
Hilsa (Tenualosa ilisha) is the largest fishery of Bangladesh. It is also the national 
fish of the country with deep cultural root.  Hilsa belongs to the family Clupeidae 
(herrings). Hilsa has a wide range of distribution and occurs in marine, estuarine and 
riverine environments. It is a shared stock amongst Bangladesh, India and Myanmar 
and is found in the rivers of Eastern and Western India, the Irrawaddy of Myanmar, 
and the Padma, Jamuna, Meghna, Karnafully and other coastal rivers of Bangladesh. 
The major portion of hilsa (about 95%) is caught by Bangladesh, India and Myanmar. 
Note that results of genetic studies indicate that hilsa in Bangladesh waters is made 
up of more than one gene pool (see Rahman and Naevdal, 2000). 
 
Hilsa fisheries in Bangladesh is carried out in artisanal (98%) and industrial sector 
(2%).  The artisanal hilsa fishery is mainly a gill net fishery and fishing is done almost 
throughout the year. The peak season is September/October, some minor peaks 
occur in February, April and June. In the artisanal gill net fishery, mechanised and 
non-mechanised boats are engaged. Other types of gear employed for hilsa fishing are 
clap net, seine net, barrier net, and fixed bag net; the largest contribution, however, 
comes from gill/drift nets. Mechanised fishing with gillnets accounts for the bulk of 
the landings from the sea. 
 
Methods and Data 
 
The catch (landings) data is collected from the Statistical Yearbook published by the 
Department of Fisheries, Government of Bangladesh (DoF-BD) for the period 1987-
2016. The information on landings is collected by the Fisheries Resources Survey 
System (FRSS), DoF-BD through random sampling method for artisanal fishery and 
through logbooks for industrial fishery. 
 
The Catch per Unit of Effort (CPUE) data for artisanal fishery is not collected. The 
information is adopted from Momi (2007) for the years 1987-2005. It may be noted 
that CPUE data in Momi (2007) was arrived at simply dividing the catch by number 
of fishing vessels, i.e., catch per boat. 
 
The prior “r” was obtained using the formula r ~ 3k (Jensen, 1996), using the VBGF 
parameters Linf=56.4 cm and K=0.91 year-1 (van der Knaap et al., 1987), i.e., the 

                                                 
9 Cite as: Al-Mamun M.A., Mohanta S.J., Mukherjee R. (2017) Estimation of CMSY for Hilsa fish 
(Tenualosa ilisha). In: Palomares M.L.D., Froese R. (eds.) Training on the use of CMSY for the 
assessment of fish stocks in data-poor environments, p. 35-38. Worskhop report submitted to the GIZ 
by Quantitative Aquatics, Inc. Q-quatics Technical Report No. 2. 58 p. 



 

 36

median record from the list of growth parameters for hilsa in FishBase 
(www.fishbase.org)10. 
 
The initial analysis is carried out for the period 1987 to 2016 using CMSY model 
following Froese et al. (2017). The result was inconclusive and contrary to field 
observation (Figure 1), likely due to value of ‘r’ used, and the period considered for 
the analysis.  
 
 

 
 

 
Figure 1. Results of the first run of CMSY/BSM analysis (Froese et al., 2017) 
on catch (from Department of Fisheries of Bangladesh, 1987-2016) and CPUE 
data (from Momi, 2007) for the hilsa shad, Tenualosa ilisha, from 
Bangladesh. 

 
 
A modified model was run for the period 1990-2016 with high resilience (discounting 
the prior r) and a relative prior biomass (B/k) of 0.4-0.8 for the first year (Figure 2). 
The prior biomasses for the intermediate and final year were set by the built-in 
default rules of the CMSY method. 
 

                                                 
10 See http://www.fishbase.se/summary/Tenualosa-ilisha.html; accessed October 5 2017. 
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Figure 2. Results of the CMSY/BSM analysis on the catch of hilsa shad from 
Bangladesh for the period 1990-2016 with resilience=high, and start biomass 
(B/k)=0.4-0.8. 

 
 
Results and Discussion 
 
Owing to its high fecundity, short generation time and high resilience, the hilsa 
fishery is relatively stable. Only recently, catches seems to have crossed the MSY level 
(Figure 2). The MSY level for hilsa is approximately 210,000 tonnes (200,000 – 
250,000 tonnes). However, the current landings of 278,948 tonnes in 2016 is above 
the MSY level. This has led to decline in biomass. 
 
The analysis shows there is excess fishing effort and causing stock depletion. 
Therefore, the immediate measure needed is to control fishing effort. 
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Introduction 
 
Yellowfin tuna (Thunnus albacares (Bonnaterre, 1788)) is a highly migratory and 
commercially important fish resource in the Indian Ocean. Many countries in the 
region as well as distant fishing nations harvest the resource and report the catch 
data to Indian Ocean Tuna Commission (IOTC). The IOTC has expressed concern on 
the declining standing stock biomass of this species in the last few years and 
emphasised the need for sustainable management of the resource (IOTC, 2015). 
Hence there is a need for assessing the resource by estimating maximum sustainable 
yield (MSY) for the Indian Ocean. In the training workshop on the use for the 
assessment of Indian fish stocks in a data poor environment held at Kochi, India 
during  5-6 October 2017, we selected the yellowfin tuna (YFT) for estimation of MSY 
in the Indian Ocean by applying Catch-MSY method (CMSY). 
 
YFT is considered a single stock in the entire Indian Ocean and so the catch data 
collected from IOTC data base is considered to have come from a single stock 
(Durand et al., 2005). 
 
Methods and Data 
 
The catch data for the years 1950-2016 was collected from the IOTC database. The 
IOTC gathers catch data from member countries and presents gear-wise catch data in 
a consolidated format in their website. However fishing effort data could be gathered 
only for the gillnet fishery for a five year period from 1985 to 1989 (also from the 
IOTC database). 
 
As per the requirement of the CMSY method (Froese et al., 2017), two basic input 
files namely the data file and ID file were created. The data file comprised of four 
columns namely stock, year (yt), catch (ct) and cpue (bt). In the cpue column barring 
the five consecutive years (1985 to 1989) the remaining cells were marked as ‘”NA”. 
The main input parameters of the ID file namely resilience “r“ were adapted from 
FishBase and the remaining cells were marked as default values. 
 
Results and Discussion 
 
The catch of YFT in the Indian Ocean ranged from 4296 t in 1950 to 455961 t in 2003 
(Figure 1A). The plot of viable r-k pairs (Figure 1B) showed a decreasing trend with 
                                                 
11 Cite as: Vivekanandan E., Jayasankar J., Pillai S.L. (2017) CMSY estimate for yellowfin tuna of 
Indian Ocean. In: Palomares M.L.D., Froese R. (eds.) Training on the use of CMSY for the assessment 
of fish stocks in data-poor environments, p. 39-42. Workshop report submitted to the GIZ by 
Quantitative Aquatics, Inc. Q-quatics Technical Report No. 2. 58 p. 
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increasing r, but the data points did not converge and were distributed up to the 
maximum r value. However, the BSM and CMSY optima (Figure 1C) were lying close 
to each other. Relative biomass decreased below 0.5, but, CPUE was erratic and did 
not show any trend (Figure 1D). The exploitation rate exceeded 1.0 in 2003 and 
remained near 1.0 during 2008 to 2016 (Figure 1E). The BSM and CMSY points in 
the equilibrium curve did not overlap and were distributed as two different clusters 
(Figure 1F). 
 
 

Figure 1. Initial CMSY analysis for the year 1950 to 2016. Input parameters: CPUE (from 
gillnet fishery) for period 1985-1989; resilience=medium and r=0.27-1.34 (adapted from 
FishBase12). 
 
 
The two evaluation reports by Dr. Rainer Froese suggested improving the analysis in 
the following ways: 
 

a. Change the start biomass as 0.6-1.0, because the stock was only lightly 
exploited at that time, and set final biomass as 0.1-0.5, because the stock is 
known to have decreased in recent years.  

b. Remove the r value and maintain the resilience as Medium, to use the default 
r-range of 0.2-0.8.  

c. Set the start year as 1980 to account for uncertainty in old data 
d. Set “force.cmsy” to TRUE to ignore cpue data. 

 
The rerun by following the above measures produced better results (Figure 2). The 
biomass declined with increasing exploitation rate (Figure 2D). The points clustered 
around the equilibrium curve (Figure 2F). The exploitation ratio is high and biomass 
is reduced below the optimum (BMSY) (Figure 3). However the confidence band shows 

                                                 
12 FishBase (www.fishbase.org) version 06/2017 at http://www.fishbase.org/summary/Thunnus-
albacares.html. 
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wider range towards the end years in the exploitation plot. The F/FMSY – B/BMSY plot 
also had a high confidence band width.  
 

Figure 2. Modified CMSY analysis. Input parameters: start year=1980; start biomass=0.6-
1.0; end biomass=0.1-0.5; resilience set to medium (reflecting r prior range); CPUE 
discounted. Results: r = 0.566 , 95% CL = 0.407 - 0.785 , k = 2414 , 95% CL = 1638 – 3559; 
MSY = 341 , 95% CL = 303 – 384; Relative biomass last year = 0.352 k, 2.5th = 0.121 , 97.5th 
= 0.492; Exploitation F/(r/2) in last year = 1.71. 
 
 
Conclusion 
 
CMSY estimate heavily depends upon the catch and r values. Uncertainties in these 
two values will substantially weaken the results. The analysis is also subjected to 
several assumptions and interventions to the data. It is suggested that r value maybe 
estimated for the stock at the local level based on sound biological information 
available, but may not yet be published. The data on biomass, even if it is available for 
very short time period, may be given due importance as an input parameter to the 
analysis. We believe that these interventions will improve the overall performance of 
the CMSY analysis. 
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Figure 3. Results based on CMSY analysis: Fmsy = 0.283 , 95% CL = 0.204 - 0.392 (if B > 
1/2 Bmsy then Fmsy = 0.5 r); Fmsy = 0.283 , 95% CL = 0.204 - 0.392 (r and Fmsy are linearly 
reduced if B < 1/2 Bmsy); MSY = 341, 95% CL = 303 – 384; Bmsy = 1207, 95% CL = 819 – 
1779; Biomass in last year = 851, 2.5th perc = 292, 97.5 perc = 1187; B/Bmsy in last year = 
0.705, 2.5th perc = 0.242, 97.5 perc = 0.983; Fishing mortality in last year = 0.484, 2.5th perc 
= 0.347, 97.5 perc = 1.41; F/Fmsy = 1.71, 2.5th perc = 1.23, 97.5 perc = 5. 
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CMSY ESTIMATE OF RIBBONFISH EXPLOITED OFF KARNATAKA, INDIA13 

 
 

Dineshbabu, Geetha Sasikumar, K. Mohammed Koya 
Central Marine Fisheries Research Institute, Kochi, Kerala, India; 

corresponding author’s email: gs.pallath@gmail.com 
 
 
Introduction 
 
The ribbonfish, Trichiurus lepturus, is a cosmopolitan coastal pelagic fish inhabiting 
warm and warm temperate shelf waters in various parts of the world (Nakamura and 
Parin, 1993). Ribbonfish is one of the most important pelagic fish of the Indian 
Exclusive Economic Zone forming 6.2% of the total catch. On account of its demand 
for export to China and other Southeast Asian countries, a targeted fishery for this 
resource is prevalent in all the coastal states (Nair and Prakasan, 2003). In Karnataka, 
the ribbonfish fishery, which formed 6.2 to 12.4% of the total trawl catch during the 
study period, is sustained mainly by a single species, Trichiurus lepturus, which also 
represents 95% of all ribbonfish landings in India (Pillai, 2004). Ribbonfishes are top 
predators and thus play an important role in controlling populations of lower trophic 
level species including fish, crustaceans and cephalopods.  
 
Methods and Data 
 
The study area was in the Arabian Sea, off the southwest coast of India between 
latitude 11.80 to 15.60N and longitude 73.4o to 75.3oE. The coastline is influenced by 
run off from the Nethtravathi and Gurupur Rivers of Mangalore during the monsoon 
season (June to September). T. lepturus samples landed by trawlers were collected on 
a weekly basis from the Mangalore Fishing Harbour between January, 2005 and 
December 2015. Multistage stratified random sampling design was followed for 
estimating the monthly and annual catch of T. lepturus landed at Karnataka during 
the study period. 
 
Results and Discussion 
 
Figure 1A indicates little contrast in the catch data, which shows a wide range of 
uncertainty.  Figure 1C, the most likely r-k pairs found by CMSY only from catch data 
and by BSM from catch and CPUE data overlap closely, giving confidence in the 
results. The resulting intermediate and final prior biomasses seem too high, given the 
high catches. To correct for this, the intermediate and final prior start and end 
biomasses were set to 0.3-0.7, and the analyses were rerun (see Figure 2) with these 
values. 
 
 
 

                                                 
13 Cite as: Dineshbabu, Sasikumar G., Koya K.M. (2017) CMSY estimate of ribbonfish exploited off 
Karnataka, India. In: Palomares M.L.D., Froese R. (eds.) Training on the use of CMSY for the 
assessment of fish stocks in data-poor environments, p. 43-45. Workshop report submitted to the GIZ 
by Quantitative Aquatics, Inc. Q-quatics Technical Report No. 2. 58 p. 
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Figure 1. Results of the CMSY analysis on ribbonfish, Trichiurus lepturus, 
from Karnataka, India. 

 
 

 

Figure 2. Results of the CMSY analysis on ribbonfish, Trichiurus lepturus, 
from Karnataka, India after adjusting the intermediate and final prior 
biomasses. Altogether, 19255 viable trajectories for 3711 r-k pairs were found 
(B); r=0.566, 95% CL=0.407-0.785, k=248143, 95% CL=133708-460519; 
MSY=35,083, 95% CL=19849-62009 (C); Relative biomass in last 
year=0.543k, 2.5th perc=0.312, 97.5th perc=0.696 (D); Exploitation F/(r/2) 
in last year=0.467 (E). 

 
 
Results based on BSM analysis (see Figure 3) indicate the following suggested 
management options: maintain Fmsy at 0.228 (95% confidence intervals=0.143-
0.364) for a targeted MSY at 27,393 t (95% confidence intervals=20,735-36,190 t), 
which should maintain Bmsy at around 120,219 t (95% confidence intervals=83,366-
173,362 t). These are based on BSM results indicating that biomass in the last year 
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would be at 104,451 t (2.5th percentile=66,561 t; 97.5th percentile=170,802 t); B/Bmsy 
in the last year would be at 0.859 (2.5th percentile=0.554; 95.5th percentile=1.42); 
fishing mortality in the last year would be at 0.17 (2.5th percentile=0.104; 95.5th 
percentile=0.267); and that Exploitation F/Fmsy would be at 0.748 (2.5th 
percentile=0.457; 95.5th percentile=1.17). 
 
 

 
Figure 3. Results of the BSM analyses after adjusting the intermediate and  
final prior biomasses. Estimates include: q=5.51e-08, lcl=4.09e-08, ucl=7.43
e-08; r=0.456, 95% CL=0.286-0.727, k=240437, 95% CL=166733-346724; 
MSY=27,393, 95% CL=20735-36190; Relative biomass in last year=0.434k, 
2.5th perc=0.277, 97.5th perc=0.71; Exploitation F/(r/2) in last year=0.748. 
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ANNEX B 
A SIMPLE USER GUIDE FOR CMSY AND BSM (VERSION “Q”)  
 
R. Froese, N. Demirel, G. Coro, K. Kleisner and H. Winker  
published online at http://oceanrep.geomar.de/33076/ on 27 October 2016  
 
This is a copy of the accompanying document for Froese R., Demirel N., Coro G., 
Kleisner K.M., Winker, H. (2016). Estimating Fisheries Reference Points from Catch 
and Resilience. Fish and Fisheries, DOI: 10.1111/faf.12190. CMSY is a Monte-Carlo 
method that estimates fisheries reference points (MSY, Fmsy, Bmsy) as well as 
relative stock size (B/Bmsy) and exploitation (F/Fmsy) from catch data and broad 
priors for resilience or productivity (r) and for stock status (B/k) at the beginning and 
the end of the time series. Part of the CMSY package is an advanced Bayesian state-
space implementation of the Schaefer surplus production model (BSM). The main 
advantage of BSM compared to other implementations of surplus production models 
is the focus on informative priors and the acceptance of short and incomplete (= 
fragmented) abundance data. This document provides a simple step-by-step guide for 
researchers who want to apply CMSY or BSM to their own data. 
 
The CMSY version referred to in this guide (CMSY_O_7q.R) is newer than the one 
used in Froese et al. (2016). The main differences are faster execution because of 
parallel processing and more emphasis on management than on evaluating CMSY. 
Also, estimation of priors has been improved and some labels in the input files have 
changed, as indicated below. 
 
The required R-code (CMSY_O_7q.R) and some example input files 
(O_Stocks_Catch_15_Med.csv and O_Stocks_ID_18_Med.csv) can be downloaded 
from http://oeanrep.geomar.de/33076/  



 

 49

Installation instructions 
 
1) Install a recent version of R on your computer. CMSY was tested under R version 

3.3.1, available from http://www.r-project.org/, but newer versions should also 
work.  

2) We suggest using RStudio as an R development environment. RStudio is a free 
software that is available for several Operating Systems (Windows, OS, Linux) 
can be downloaded at http://www.rstudio.com/products/rstudio/download/.  

3) Install the Gibbs sampler JAGS for your Operating System from the following 
web site: http://sourceforge.net/projects/mcmc-jags/files/JAGS/3.x/. 

 
If you are using an Operating System different from MS Windows, please comment 
(#) all the lines in the code containing the windows(..) function. 
  
4) In order to run the code, several R-packages are required. In the R Console 

execute the following commands (i.e. cut & paste into the Console window, then 
hit Enter and wait):  
install.packages("R2jags")  
install.packages("coda")  
install.packages("lattice")  
install.packages ("parallel") [note that it may not be necessary to install this 
package as it might already be in the default R package]. 
install.packages ("foreach")  
install.packages ("doParallel")  
install.packages ("gplots")  
 
[pay attention to possible required sub-packages, as alerted in warning/error 
messages form the R installer, and install missing packages if needed]. 
  

5) Two different data files are required by CMSY, which should be placed in the 
same directory as the script. The names of these files are specified in the code 
(lines 30 and 31). Examples are provided with the code and their structure is 
specified in next section.  

6) Make sure that the source file and the downloaded R script are in the same 
directory.  

7) Open the downloaded CMSY R script (CMSY_O_7p.R) in RStudio. Use the tab 
“Session” and select “Set Working Directory” -> “To Source File Location”, so that 
the code will find the data files.  

8) If you want to use your own input files, just change the file names in the 
catch_file and id_file variables in the “Required settings, File names” section of 
the code. If you create your own input files, make sure you use the same headers 
(case sensitive) as in the provided example files. Make sure you are using comma-
delimited (.csv) files (look at the data in a simple text editor such as Notepad to 
check for consistent use of commas; semi-colons are not accepted). 

9) The R-code can either analyze all stocks in the data files (default) or a single stock 
can be specified in the “Select stock to be analyzed” section of the code, according 
to the stock identification specified at line 42. To specify the stock to analyze just 
enter the unique fish stock name or identifier of the stock there (e.g. stocks <- 
“cod-scow”). To make the code run on all the stocks in the files, just comment out 
line 42 (put # in front). You can analyze the stocks in alphabetic order or in the 
sequence in the ID file or by Region or subregion, according to settings in lines 
219 – 221. Uncomment (remove #) the code you want to use.  

10) In RStudio, click on “Source” (or press Ctrl+A followed by Ctrl+R or Ctrl + Shift + 
S) to execute the code. 
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11) When the analysis is complete, results can be found in the console window as well 
as in the CMSY graphs window (which can be saved manually) and in an 
output .txt file (having the “Out_” prefix), whose name depends on the date of the 
execution. An output file in .csv format containing the results is also created in 
the same directory, which can be opened in Excel for example. The titles of the 
columns are in the same order as the results in the console. 

 
Structure of the input files  
 
Structure of the catch file (.csv)  
 
For each stock, the following information must be specified (in the corresponding 
columns):  

 
Stock: a unique fish stock name or identifier (e.g. “cod-2532”), repeated for each 
year  
yr: the reporting year of the catch (e.g. 2004). One row for each year.  
ct: catch value, in tonnes (e.g. 12345). One row for each year. Gaps with no 
entries are not accepted at the moment and must be filled by interpolating 
missing or incorrect values.  
bt: the value of the biomass (in tonnes, e.g. 34567), or the value of the CPUE or 
stock size index (e.g. 0.123), or NA if there is no information. Gaps filled with NA 
are acceptable for bt, i.e., abundance data can be fewer than catch data.  

 
Structure of ID file (.csv)  
 
For each stock, the following information must be specified (in the corresponding 
columns): 
 

Region: a string indicating the catch area, e.g. “Northeast Atlantic”  
Subregion: a string indicating the subarea, e.g. “Baltic Sea”  
Stock: a unique fish stock name or identifier (corresponding to the one in the 
‘Stock’ column in the catch file)  
Name: optional; a common name of the species, e.g. “Makala”  
EnglishName: optional; a common English name of the species, e.g. “Greater 
forkbeard”  
ScientificName: optional; the scientific name of the species, e.g. “Phycis 
blennoides”  
SpecCode: optional; the code number used in FishBase for fish or SealifeBase 
for non-fish  
Group: optional; the functional group that a species belongs to, e.g. “Large 
predators” or “Pelagic plankton feeders” or “Benthic organisms”.  
Source: optional; the source where the data were taken from, e.g. 
http://www.ices.dk/sites/pub/Publication%20Reports/Advice/2014/2014/gfb-
comb.pdf  
MinOfYear: the start year of the catch report  
MaxOfYear: the last year of the catch report  
StartYear: the start year of the catch time series to be used for the analysis 
(from when on the data are thought to be reliable)  
EndYear: the end year of the catch time series to be used.  
Flim, Fpa, Blim, Bpa, Bmsy, FMSY, MSYBtrigger, B40, M, Fofl, SSB: 
optional; fisheries reference points from assessments, for comparison, not used in 
the analysis 
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Resilience: prior estimate of resilience, corresponding to intrinsic growth rate 
ranges (see next section). Allowed values are “High”, “Medium”, “Low”, “Very 
Low”. Get default values from www.FishBase.org  
r.low / r.hi: an optional pair of parameters to specify the range of intrinsic 
growth rate for the species. Set these to NA to use the range specified in 
Resilience. If values are given, the Resilience column will be ignored. Check 
www.FishBase.ca for prior estimates.  
stb.low / stb.hi: the prior biomass range relative to the unexploited biomass 
(B/k) at the beginning of the catch time series (see next section).  
int.yr: a year in the time series for an intermediate biomass level. Set it to NA to 
have it estimated by default rules.  
intb.low / intb.hi: the estimated intermediate relative biomass range (see next 
section). Set it to NA to have it estimated from maximum or minimum catch, 
according to some simple rules (note: these may not be appropriate for your 
stock).  
endb.low/ endb.hi: the prior relative biomass (B/k) range at the end of the 
catch time series (see next section). Set to NA if you want to use the defaults.  
q.start / q.end: the start and end year for determining the catchabilitiy 
coefficient. Set to a recent period of at least 5 years where catch and abundance 
were relatively stable or had similar trends. If set to NA the default is last 5 years 
(or last 10 years in slow growing species).  
btype: the type of information in the bt column of the catch file. Allowed values 
are “biomass” (when total biomass is reported), “CPUE” (when cpue or cpue 
index or SSB are reported) or “None” (if no abundance data are available).  
force.cmsy: set to TRUE if the management analysis should use the CMSY 
results rather than available BSM results. Useful when the abundance data are 
deemed unreliable. Default is FALSE or F.  
Comment: a comment on the stock or the quality of the analysis or special 
settings. This comment is shown in the output. 
 

Remember that the files must be saved in “csv” (comma delimited) format. Double-
check that indeed a comma (and not a semi-colon) is used as delimiter. 
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Suggestions for parameters settings  
 
Table 1 reports a set of questions that can help to set the CMSY input parameters. 
Please note that priors can also be derived with other stock assessment tools, such as 
length frequency analysis or catch per unit of effort. 
 
 
Table 1. Example of questions to be put to experts to establish priors for 
CMSY analysis. 

Prior Question to experts 

Start year for catch time series From what year onward are catch data 
deemed reliable? 

Relative start and end biomass 
B/B0 

What is the most likely stock status for the 
beginning and end of the time series: 
lightly fished, fully exploited, or 
overfished? 

Relative intermediate biomass 
B/B0 

Is there an intermediate year where 
biomass is considered to have been 
particular low or high, e.g., exploitation 
changed from light to full, or where an 
extraordinary large year class entered the 
fishery? 

Resilience prior 
r 

What is your best guess for the range of 
values including natural mortality of 
adults (M)? Consider the empirical 
relationship r ≈ 2 M 

Resilience prior 
r 

What is your best guess for the range of 
values including maximum sustainable 
fishing mortality (Fmsy)? Considering the 
relationship r ≈ 2 Fmsy 
 
Use this question to reinforce or change 
the answer to previous question 

 
 
Alternatively, you can get preliminary estimates of r from the following empirical 
relations: 
 

r ≈ 2 M ≈ 2 Fmsy ≈ 3 K ≈ 3.3/tgen ≈ 9/tmax  
 
where r is the intrinsic rate of population increase, M is the rate of natural mortality, 
Fmsy is the maximum sustainable fishing mortality, K is the somatic growth rate 
(from the von Bertalanffy growth equation), tgen is generation time, and tmax is 
maximum age. If point estimates are very close to each other, assume a range of 
uncertainty of +/- 50%. Give more weight to traits giving low estimates of r, as these 
will act as bottle neck for population growth. Consider that low annual fecundity 
(<100) will further reduce r. This is already considered in prior r estimates available 
from FishBase. 
 
Table 2 suggests ranges for relative biomass to be used as input parameters, 
depending on the depletion status of the stock. 
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Table 2. Prior relative biomass (B/k) ranges for CMSY. 
Very strong 

depletion 
Strong 

depletion 
Medium 

depletion Low depletion 

0.01 – 0.2 0.01 – 0.4 0.2 – 0.6 0.4 – 0.8 
 
 
Table 3 reports the r ranges automatically assigned by CMSY based on resilience 
categories. 
 
 

Table 3. Prior ranges for 
parameter r, based on 
classification of resilience. 
Resilience prior r range 
High 0.6 – 1.5 
Medium 0.2 – 0.8 
Low 0.05 – 0.5 
Very low 0.015 – 0.1 

 
 
When setting an intermediate biomass, it often improves the CMSY analysis if the 
end of a period with low biomass is indicated by setting the intermediate year to the 
last year with low biomass, and indicating a respective relative range, e.g. as 0.01 – 
0.3. Similarly, indicate a period of large biomass by setting the intermediate year to 
the last year with high biomass and indicate a respective range, e.g. as 0.4 – 0.8. In 
general, the width of relative biomass windows should not be less than 0.4, unless the 
stock is known to be very strongly depleted, in which case ranges of 0.01-0.3 or 0.01 
– 0.2 are appropriate. Setting a range of 0 to 1 is also possible, and would indicate no 
information at all about stock status, which is, however, unlikely. If a stock is fished it 
must be smaller than 1. If it is delivering decent catches, it must be larger than 0.01. 
See Table 1 for guidance on how to get priors from interviews with fishers or experts 
(or yourself). 
 
Note that if abundance information are provided, an additional surplus production 
analysis is performed with an advanced Bayesian state-space implementation of a 
Schaefer model (BSM). This analysis is then used for management advice, because it 
contains more information. If instead you want to use the CMSY results, set 
“force.cmsy” to TRUE in the ID file. 



 

 54

ANNEX C 
USING CMSY/BSM14 
 
Known issues encountered in installing CMSY software 
 

• Installation of software on Mac Os: The Windows graphing commands 
“windows()” in lines 380 and 1098 may cause the could not find function 
"windows" error. Comment out (with #) lines 380 and 1098. Note that the 
equivalent OS command, “quartz()”, in lines 399 and 1097 assure that the 
plots are displayed on a different RStudio window. Some warnings may still 
be displayed (for example concerning the Windows command mode(title)); 
however, if the CMSY analyses results are displayed in the R Console (bottom 
left of the RStudio panel), then these warnings can be ignored. 

• Errors on loading packages on RStudio and running the program on some 
units where older versions of R and RStudio have been installed. Older 
versions of Windows can use the combination of R-3.3.2 and RStudio-1.0.136 
with JAGS-4.2.0, while newer versions of Windows will work with the 
combination of R-3.4.1, RStudio-1.0.153 and JAGS-4.2.0. OS versions 10.X 
will work with R-3.3.3, RStudio-1.0.153 and JAGS 4.2.0. 

 
Frequently asked questions 
 

1. What are the minimum data requirements (i.e., number of records) for the 
tool to work? 
A minimum of 10 consecutive years of catch data is required. 

2. Can you use catch data from different years? 
Yes, as long as the data is continuous for 10 years or more. In cases where 
data is missing for some in between years, a reconstruction of that data would 
be necessary, for instance, by interpolating data between years. Methods of 
catch data reconstruction are available via the work of the Sea Around Us 
(Institute for the Oceans and Fisheries, University of British Columbia, 
Vancouver, Canada). 

3. Can you use abundance data from different years? 
Yes, even if the abundance data is not continuous for 10 years it can be used. 
A minimum of three data points is needed for this to be of value to the 
analysis. 

4. Can the data be assessed per gear used? 
If catch data is available for multiple gears, data with the gear that represents 
most of the catches in the area would be used. 

5. Can this method be used for bays? 
If the data for a bay is representative of the whole stock, that is including the 
part of the stock that goes in and out of the bays, then that data can be used 
for the analysis. However, in most cases, such data only represents a part of 
the stock, and would therefore lead to an incomplete picture of the state of the 
stock. Ideally, the total catch for the complete distribution area of the stock is 
used. 
 

                                                 
14 Based on CMSY User Guide in Annex B. 
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ANNEX D 
WORKSHOP EVALUATION 
 

Summary of Results 
 

Prepared by Joann Glorioso 
FishBase Information and Research Group, Los Baños, Laguna, Philippines 

 
 
Ratings given were either Excellent or Good. No one gave a Poor nor Very Poor rating 
in any item. 
 
Almost all aspects were rated Excellent by the majority of the participants except for 
"Level of achieving your expectation" wherein 58% rated this item as Good (11 out of 
19); 42% gave it an Excellent rating. 
 
Only 10 out of the 19 (53%) who submitted evaluation forms left a comment: 
 

− A follow-up program would be good! 
− There should be a provision to reflect the development in fishing technology 

interfering with CPUE such as multi-dayfishing engine power enhancement, 
etc.  

− Training was very informative to us as it introduced us to a new stock 
assessment methodology which is simple to comprehend and apply in marine 
fisheries data analysis. 

− Skype lecture is not very effective comparing with the live lecture due to 
sound and presentation problem. 

− Would appreciate more examples on how the model works e.g. 
CPUE/BIOMASS data, short time series, multiple y/gear, etc. Will there be 
any post program support? 

− Quite professional in the academic pursuit except for some procedural blips 
like creation/upload a template etc. wherein the licenses could have been 
given more leeway. Thanks a lot! 

− Slides were a bit hazy and the skype audio clarity could have been better. 
Thanks for an excellent training! 

− The new tool CMSY can be used for analyzing our data after little 
modifications and it will be useful for the management of fisheries in a 
sustainable way. 

− The discussions following presentations of results were very useful. 
− Overall training was very good and helped me in enriching my knowledge. 
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Table 1. Response per item by each of the 19 respondents of the workshop evaluation. E = Excellent; G = Good; P = Poor; VP = Very Poor; NA = No Answer. 
EVENT MATERIALS FACILITIES ADMIN 

Resp. No. 
Agenda Structure/ 

Format Content Expectations 
met 

BG 
mats Conf Kit Visuals/ 

Acoustics 
Meetingsp

ace 

Food/Stay/ 
Other 

Argmnts 

Pre-conf 
support & 
info prov 

Support 
during 
conf 

1 E E E E E E E E E E E 
2 G G G G G G E E E E E 
3 E E E E E E E E E E E 
4 E G G G G G E E G E E 
5 E G G G G G E E G E E 
6 E E E G E G G G G G E 
7 E E E G G E E G G G E 
8 E E E E E G E E G G E 
9 G G G G E E G E G G G 

10 E E G G E G G G G E E 
11 NA E G G G E G E G E E 
12 E E E G G E G E E G G 
13 E E E E E E G E E E E 
14 NA E E G E E G E E E E 
15 G E E G E E E E E E E 
16 E E E E E E E E E E E 
17 E E E E E E E E E E E 
18 E E E E E E E E E E E 

19 E E E E E E E E E E E 

E 14 15 13 8 13 13 12 16 11 14 17 
G 3 4 6 11 6 6 7 3 8 5 2 

NA 2           

% (top 
answer) 73.68 78.95 68.42 57.89 68.42 68.42 63.16 84.21 57.89 73.68 89.47 
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ANNEX E 
MEDIA COVERAGE 
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URL: https://goo.gl/o7LpTu 
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