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INTRODUCTION 



 

 

The marine aquarium trade supports coastal fisherman not as the typical food fishery but as 

a supplemental source of encome/livelihood.  As an a demand world industry, it is the 

highest added value to coral reef resources.  This high economic value per sold organism is 

a powerful drive to overexploitation.  On the other hand, the economic importance of 

targeted aquariums is also an incentive to develop management strategies to make fishing 

sustainable especially when properly explained to fisherman, government officials, and other 

stakeholder (e.g. Divers Association).  At the moment, there are no management strategies 

on aquarium fishing even in the Philippines and Indonesia.  Output controls through fishing 

limits or total allowable catch (TAC) is a potential mechanism to sustain aquarium fishing in 

Papua New Guinea.  This mechanism has the potential to be useful since under the MAC 

certification standards, fishing is based on an order system and fishing limits a requirement.   

However, like any other fisheries in the developing countries, the challenges will lie in 

conceptualizing the scientific framework and the reasonable implementation for such system 

with the view of long-term sustainability.  The scientific framework for developing this system 

is explained in this manual.    

It is important to note that the development and implementation of total allowable catch is 

one of several management strategies proposed for sustainable aquarium fishing.  Another 

related tool is monitoring the trends in catch-per-unit-effort (but this will be done separately), 

a proxy to monitoring temporal trends in species abundance.  This is a fisheries-dependent 

monitoring system.  Licensing system, is another resource management tool, would have a 

meaningful implementation if based on catch limits.  This manual gives some guidance on 

implementation of catch limits and catch-per-unit effort computation.        

 

SPECIAL NOTE 

The formula that uses in this manual has no difference on the formula used in MAQTRAC. 

The TAC is design and used in Marine Aquarium Trade Coral Reef Monitoring Protocol 

(MAQTRAC) which is developed by Reef Check’s reef monitoring specialists and other 

scientists designed the protocol on behalf of the Global Coral Reef Monitoring Network 

(GCRMN), the international network of scientists who develop reef assessment methods. 

The design involved two international peer-review workshops, one in Indonesia by April 

2001, and Hawaii in August 2001), extensive literature reviews and discussions with 

stakeholders.  

This was tested in Philippines, Indonesia, Fiji, Hawaii and the Maldives from June 2001 

through December 2002. The resource assessments carried out in the first two Marine 



 

 

Aquarium Council (MAC) Certified collection areas in the Philippines. A total of seven (7) 

certified fishing areas in Philippines; seven (7) certified fishing areas in Indonesia.  

      

 

 

 

 

 

CHAPTER 1 

DATA COMPILATION AND  

“DATA SCRUBBING” 

 

1. STEPS ON DATA SCRUBBING 

For Vertebrates (Fish) and Invertebrates only; 

 

1.1 Data compilation 

1.1.1 Data Sheets synchronization 

✓ All data should be encoded in RAM data sheets in excel format (see appendix xxx). 

Encoders enters the fundamental information’s in correct order as follows; Date, 

Province, District, Fishery Management Area (FMA), Type of Survey, Transect 

Name, Recorder, Reef Zone, Habitat, Depth (Meter), Visibility, Target Group, Class, 

Trade Name (Common Name), Species (Scientific Name), Count, Size (Centimeter), 

and Notes is optional. 

 

 



 

 

 

 

1.1.2 Combine all data from various surveyor and check the following; 

✓ Combine the Rapid Resource Assessment (RRA) and Full Resource Assessment 

(FRA) data. Note: the duration of the survey between RRA and FRA should not be 

long more than 6 months (This is to avoid the bias due to seasonality, and month 

interval, TAC should be calculated and use within the year after the survey has been 

executed. If so just used the FRA survey data to compute TAC. 

 

 

Important: Do not combine Vertebrates and Invertebrates data in an FMA, this should be 

separated for analytical purposes.  

 

✓ Dive site labeling on the reefs name is very important.  The proper way to label each 

site is “the full name of the reef+site number and team_type of the reefs+replicate/s 

(e.g.Gadogado1A_SH1 and it represent as one survey site or dive replicate, if there 

are two replicate it will continue such as Gadogado1A_SH2 and there should be two 

survey site names meaning two 500m2 reefs surveyed in one dive site).  



 

 

Important: Transect name of vertebrates and invertebrates should be the same.  

✓ Synchronize the dates, district, area/FMA name, habitat, and the depth for 

vertebrates and invertebrates data. 

 

1.2 Data Standardization for consistency. 

✓ Highlight all by clicking the diamond at the upper leftmost corner. 



 

 

 

 

✓ Click view and then highlight and click formatting toolbar 

 

 

✓ Click Font and select and click it e.g. Arial, font should be the same across the excel 

worksheets. 



 

 

 

✓ Go to Size (font) click size e.g. 12, font size should be the same across the excel 

worksheets. 

 

 

✓ Click Alignment and Spacing, under horizontal, click Align text left. 



 

 

 

✓ Close Formatting Palette 

✓ Highlight the active data cells only. 

 

 

✓ Click Edit 



 

 

 

 

✓ Click Find 

 

 

✓ Click Replace 



 

 

 

 

✓ Go to Replace with, then type 0 (zero) in the “Replace with box” and click the box of 

Find entire cells only. 

 

✓ Click Replace all, click ok and then close. 



 

 

 

Note: If it says nothing found it’s ok, meaning no blank space on the active 

spreadsheets. 

1.3 Data Cleaning for consistency. 

✓ Highlight the active data cells again. 

 

 

✓ On the standard toolbar Click Data and then click Sort. 



 

 

 

 

 

✓ Inside the sort toolbar, click the drop down arrow in sort by and go click species 

 

 

✓ Click Ascending and click OK 



 

 

 

 

✓  Notice the alphabetical order of the species; again highlight the active data in the 

spreadsheets. 

 

 

✓ Highlight the Species active data column only. 



 

 

 

 

✓ On the standard toolbar click Data; click Advance Filter then click, Advance Filter. 

 

 

✓ In Advance Filter toolbox; click the “copy to another location” under action toolbox, 

then double check the “List range”, then click “Copy to” space box and select an 

empty space at the end of the active data spreadsheet. And then click the box of 

“Unique records only”, then click OK. 



 

 

 

 

✓ Observe the filtered data at the end of the data sheets. Check the spelling, 

duplication of the species list.  

 

 

Notice: Carefully double-check the following; the wrong spelling may double up the 

species and need to redo again the data cleaning. Or else the data is wrong. 

I. Different factors on the duplications of species names after the filtration. 

➢ Spelling of the scientific name,  

- Wrong spelling; e.g. Amphiprion pecula, the right is Amphiprion 

percula 

- Insertion of additional letter; e.g. Culcita novaeiguiea, the right is 

Culcita novaeguinea. 

➢ Using “sus” and “a” at the end of species name (this is actually correct but be 

consistent and use only one name across the survey data). 

- “sus” or “a” at the end of the species name; e.g. Centropyge 

bispinosus or Centropyge bispinosa. 

➢ Wrong spacing before the scientific name and spacing between Genus and 

Species name. 



 

 

- Space before the scientific name; e.g. 

 

- No space and double space in between Genus and Species name. 

 

➢  

 

II. Avoid using old references and old catalogue to circumvent using old 

scientific names.  

➢ Old Scientific name; e.g. 

Euxiphipops xanthometapon while the latest is Pomacanthus xanthometapon. 

Recommendation: Always used reference books printed in early 1900’s.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

CHAPTER II 

NATURAL MORTALITY AND YEILD-PER-RECUIT 

(from MAQTRAC Data Analysis & Interpretation Manual 2006) 

 

Population parameters (growth, mortality and relative yield-per-recruit estimation) were 

derived for various species that had representative size class data using FiSat software.  

(The FiSat software can be downloaded free of charge from the website 

http://www.fao.org/fi/statist/fisoft/fisat/downloads.htm.)  

 

http://www.fao.org/fi/statist/fisoft/fisat/downloads.htm.)


 

 

 

 

Fig. xxx FiSAT (FAO-ICLARM Stock Assessment Tools) is the product that resulted from merging the 

LFSA (Lengthbased Fish Stock Assessment) developed at FAO (Sparre, 1987) with the Compleat 

ELEFAN (Electronic Length Frequency Analysis) package developed at ICLARM* (International 

Center for Living Aquatic Resources Management) (Gayanilo, Soriano and Pauly,1989).  

 

All routines in the earlier packages are included in FiSAT II. To be representative, the 

analysis requires size class data from recruits, juveniles and adults of a minimum of 150 

individuals. Typically, it is NOT possible to obtain this number of observations from a single 

population of aquarium fish species such as the Emperor Angelfish; therefore other methods 

must be used. But for naturally abundant species such as Green Chromis, these data 

provide a view of the population growth trajectory, which is the basis for this type of stock 

assessment.  Length-at-first capture data (the smallest size of the species fished for the 

trade) were obtained from catch records of fisherman.  The latter data are important in 

relative yield-per-recruit analysis.  

  

A step-by-step list is given below regarding how to calculate natural mortality and analyze 

relative yield-per-recruit for vertebrates (fish) and invertebrates (except corals) using FiSat 

software. Corals require a different approach.  

 



 

 

After downloading the FiSAT II software, install it to the hardrive, and then click the FiSAT II 

to start. Here is the page below. 

 

 

1.  Acquire size class data for a species including recruits to adults with a total of 150- 

200 individuals, while for bigger fishes recruits to adults with a total of 30 individuals 

and above. All family groups should have a representative species for size class 

data. The data are input to the FiSat software for the following steps.  

Example: 



 

 

 

2. Divide the size data into several classes.  We recommend a 1 cm interval for 

damselfish size classes and for other fishes that have a maximum size of around 5 to 

6 cm; 2 to 3 cm size class intervals for Anemonefishes; 3 to 4 cm size class intervals 

for Butterflyfishes and other fishes that have a maximum size from 15 to 20 cm; and 

5 cm groupings for the bigger angelfishes (e.g. Pygoplites diacanthus) and other 

fishes with maximum size more than 20 cm.  (Encode data in the necessary query in 

FiSAT II.);  

 

Table xxx. Sample of family groups and its species representatives in each surveyed FMA. 

Family Group Size data representative 

Chaetodonthidae (Butterflyfishes) Chaetodon vagabundus 

Pomacanthidae (Big) Pygoplites diacanthus 

Pomacanthids (Small) Centropyge bicolor 

Pomacentridae (Damselfishes, Chromis) Chromis viridis, Chrysiptera cyanea 

Labridae (Wrasses) Thalassoma lunare, Halichoeres hortulanus 

Amphiprion (Clownfishes) Amphiprion clarkii 

Acanthuridae (Tang, Surgeonfishes) Paracanthurus hepatus, Acanthurus pyroferus 

Cirrhitidae (Hawkfishes) Cirrhitichthys falco 

Anthiinae (Anthias) Pseudanthias squamipinnis 

Serranidae (Grouper) Epinephelus merra 

Apogonidae (Cardinalfishes) Apogon chrysopomus 

Scorpoaenidae (Lionfishes) Pterois volitans 

Mullidae (Goatfishes) Parupeneus cyclostomus 

Balistidae (Triggerfishes) Sufflamen chrysopterus 



 

 

Tetraodonthidae (Pufferfishes) Canthigaster papua 

  

 

 

3. The population parameters of selected fish as determined by FiSAT II. 

Species K L-infinity M (Mortality rate Z) E E-40 

      

      

      

      

      

      

      

 

4.   

5. To start add files to the FiSAT system click “New”. 

 

 

6.  Type the file name for the file, and then click save. 



 

 

 

 

7.  Fill up the species name, click the unit of measurement in centimeter (cm), the type of 

measurement should Total length (TL), input the mid-length, and class interval. And 

then input the series of data from the period of surveys. Then click save and close. 

 

 

8. To estimate the growth coefficient k and L-infinity, go to  

 

 

(a) Assess query; (b) to direct fit of length frequency data; (c) to ELEFAN 1 



 

 

 

 

 and then (d) click k scan;  

 

 

 

Then it will give you 9.45 L-infinity. 



 

 

 

 

then click “compute”, will give a k 0.060 

 

 

9. To estimate total mortality rate (Z), go to (a) Assess; then to (b) Mortality Estimation; 

then to (c) Z from steady-state sample; then to (d) Length converted catch curve; 

 



 

 

 

 

 

 

10. And then to (e) Catch Curve; and enter the L-infinity and k. 

 

 

 

11. and then to click Catch Curve; and click “compute data points”. 



 

 

 

 

12.  

 

13. To estimate the natural mortality rate (M), go to (a) Assess; then to (b) Mortality 

Estimation; then to (c) Natural Mortality; and then to (d) Pauly’s M equation.   

 

 

14. Enter the L-infinity, k (1/year) and use 280C for temperature in tropical situations.   

 



 

 

 

The inverse of the natural log of natural mortality M is a provisional catch limit 

estimate, and is expressed as a percentage of the standing stock (M (1/year) is 

0.39069.  

 

Species K L-infinity M (Mortality rate) E E-10 

Amphiprion clarkii 0.060 9.45 0.39069   

      

      

 

 

For a fishery with historical catch records proceed to yield-per-recruit analysis: 

 

15. Calculate separately the ratio of M/k and Lc/L-infinity.  The number Lc (length-at- 

first-capture) is the smallest size collected for that species in the ornamental trade.  

 

e.g.  for M/k and Lc/L-infinity 

 

= .39069/.060 while 3cm/9.45 

= 6.5115 and .31745 

 

 



 

 

16. For relative yield-per-recruit analysis, go to (a) Assess; then to (b) Beverton-Holt Y/R 

Analysis; then to (c) Knife-edge; and then (d) fill-in the value M/k and lc/L- infinity. 

 

then 

 

 

17. Note the reference point E-10, the exploitation rate reference point.  



 

 

         

 

 

 

 

 

 

 

 

 

 

 

CHAPTER III 

Total Allowable Catch (TAC) Computation Formula 

 



 

 

How is a TAC figure determined?  

The TAC figure is a recommended fraction of the stocks of a certain species for sustainable 

collection, e.g. twenty percent (20%) of the estimated stocks of Blue Tang in a body of 

water.  Now, this brings us to two more questions: 

 

1. How are the stocks of a certain fishery estimated? 

2. How is the percentage of the estimated stock that can be sustainably collected 

determined? 

 

1. How are the stocks of a fishery estimated? 

The marine aquarium stocks inside an FMA’s water are estimated through RAM surveys.  

RAM surveys are underwater census of all target marine aquarium species and newly 

introduced and are usually done by marine biologists. If the surveys have already been done 

in a FMA. Then, the results of these surveys as future reference in estimating the stocks of 

marine aquariums.  

 

Some species of marine ornamental organisms that are traded are not seen during RAM 

surveys. It is therefore not possible to estimate the stocks of these species through a RAM 

survey. It is recommended to take note the species and be the main target for the next years 

survey. It is recommend also to get the GPS or dive sites of where the no TAC species are 

being caught from fisherman or FFD monitoring teams.  

 

In RAM surveys, sites that can represent as a sample of the entire area are chosen. In these 

selected sites, stock assessment through visual census is done.  If necessary all possible 

type of habitat (rocky, sandy, muddy, seagrass meadows, corals reefs, rubble, algae, etc) 

should be surveyed as representatives habitat and certain species will be determine. During 

the visual census, the marine biologists count and estimate the sizes of marine ornamental 

targets within the sample sites chosen.   By swimming along a line in the sample site at 2.5 

meters at each side.  The resulting number of stocks for each species has been gathered in 

the sample sites is then calculated for the entire FMA.   

 

 



 

 

 

Figure 1. RAM underwater census (counting and sizing) of possible all marine aquarium in every sample dive 

site.  

 

2. How is the percentage of the estimated stock that can be sustainably 

harvested determined? 

The abundance of a particular species of fish in a body of water is affected by a system that 

works like a bank account, as has been explained above. Fish abundance (or the “principal”) 

is affected by: 

 

1. The rate at which the fish is being taken out from the fishery (similar to “withdrawals” 

in a bank) or simply the rate at which fish goes out of the fishery; 

 

2. The rate at which the fish reproduces and the rate at which fish from other areas enter 

the fishery (similar to “principal” and the “interest rate”) or the rate at which fish goes 

into the fishery.   

Fishes going out 

Fish “goes out of” (or are withdrawn from) a fishery by:  

being caught by fishers (sometimes called “extraction”),  

dying of diseases and being eaten by other fishes, or predation (these are also 

sometimes called “natural mortality”).   

Fishes going in 

Fish “goes in” (or are deposited into) a fishery by: 



 

 

reproduction 

arrival to the fishery during larval and juvenile stages brought by currents 

 

The process of fishes “going in” a fishery is called recruitment.   

 

If the rate at which a species of fish goes out is higher than the rate at which that fish goes 

in, then that species of fish is in danger of disappearing from the fishery. Conversely, if the 

rate at which that species of fish goes out is lower than the rate at which that fish goes in, 

then that species of fish will become abundant. 

 

How much of the estimated stock of a fishery then can be collected/harvested without the 

stocks (principal) being depleted and only the “interest is being withdrawn”? 

 

As has been mentioned above, fish (and invertebrates) experience natural mortality such as 

predation and diseases.  It has been established in many studies that the factors that 

determine whether the rate of natural mortality will be high or low are: 

1. fish size,  

2. growth rate, and  

3. water temperature.   

 

Smaller fishes that usually a) have higher growth rates because they are in warmer waters, 

b) have higher recruitment and c) are more abundant, have high natural mortality rates.  In 

contrast, large fishes that usually a) have slower growth rates, b) have lower recruitment and 

c) but are less abundant, have lower natural mortality rates.   

 

Which means that for smaller fishes, that are abundant but have high natural mortality rates, 

the percentage of estimated stocks that can be harvested is also high. For instance, 

damselfishes that are abundant have a high natural mortality rate. Whereas, bigger fishes 

that are less abundant such as the butterlyfishes, wrasses and the angelfishes have low 

natural mortality rates. 

 



 

 

It has been proposed by many scientists that harvesting of fish and invertebrate stocks at a 

level not beyond their natural mortality rate (the TAC limit for that species) makes a 

sustainable fishery. So for damselfishes that are abundant but with high natural mortality, the 

percentage of estimated stocks that can be harvested is also high. While for bigger fishes 

such as butterflyfishes, wrasses and angelfishes that are less abundant but with lower 

natural mortality rates, the percentage of stocks that can be harvested is low.   

 

Table xxx shows the natural mortality rates of key marine ornamental species that serves as 

the basis for determining the percentage of the stocks of these species that can be 

harvested in a sustainable level.  

 

The natural mortality rates of some species are not known. For these species, the 

percentage of stocks that can be fished in a sustainable level is determined in the same way 

TAC figures are determined for species not seen during RAM surveys, which will be shows 

the step by step in the next section below.   

 

 

Table xxx. Table on pivoting the data compiled for verts and inverts. 

 



 

 

After compliting the data scrubbing, compilations of all data, data cleaning for consistency 

and computing the naturam mortality, then the next steps are for computation of total 

allowable catch (TAC). 

✓ High lights the active data sheets. 

 

 

 

✓ Click data on the standard tool bar, and then click Pivot Table Report. 

 

 

✓ Click the next of finish command only  



 

 

 

 

✓ Drag the species to the drop row fields, and then drag transect name to drop column 

fields. 

 

 

✓ And then drag the counts to drop data item fields. 



 

 

 

 

✓ Then click close on the Pivot table command. 

 

 

✓ Highlight all the sheets, then click Edit in the standard tools command, and then click 

copy. 



 

 

 

 

 

✓ Click Edit again in the standard tools command, and then paste special. This is to 

allow in the sheets to encode the other formula. 

 

 

✓ Click the values under the Paste tick list and none in the operation tick list. 

 



 

 

 

 

✓ Always double check the source of field also it should be always a “sum of count”. To 

check right click at the upper corner of the space of the species. From the toolbar 

provided click “Field Settings”. 

 

 

 

✓ Select the “sum of counts” from the drop down 



 

 

 

 

✓ Highlight the data items only. 

 

 

✓ Click Edit at the standard toolbar, below click the “Find” command. 

 

 



 

 

✓ Click replace, encode “0” (zero) at the “Replace with” box, click the tick box of “Find 

entire cells only” and then click the replace all command.   

 

 

✓ A confirmation sheets will come out to confirm the command is executed. Click ok to 

confirm, and then click the “close” Replace toolbar to close. 

 

 

✓  Computing the “Average”. Type = (equals) at the end of the row of a specie, or next 

to the grand total, and then type average and then click all counts of the specie in all 

sub-sampling sample. 

 



 

 

✓ Follow it to all species, with the same command (average). 

 

✓ In computing the reef areas should be done by GIS specialist. The reef size should 

be computed in m2. Below are the computation to get the m2 reef are. 

1.) 1 ha = 10,000 m2 

  Example:  How many m2 is 50 hectares?   

Answer: 50 hectares (10,000 m2 / 1 ha) = 500,000 m2 

2.) 1 km = 1,000 m 
3.) 1 km2 = 1,000,000 m2 

Example:  How many m2 is 25 km2?   

Answer: 25 km2 (1,000,000 m2/1 km2) = 25,000,000 m2 

 

✓ Example below if the reef area computed as 2000000 m2. 

 

 

 

 

CONFIDENCE  

Returns a value that you can use to construct a confidence interval for a population mean. 

The confidence interval is a range of values. Your sample mean, x, is at the center of this 

range and the range is x ± CONFIDENCE. 

For example, if x is the sample mean of survey times for species surveyed through the FMA, 

x ± CONFIDENCE is a range of population means. For any population mean, µ0, in this 

range, the probability of obtaining a species mean further from µ0 than x is greater than 

alpha; for any population mean, µ0, not in this range, the probability of obtaining a species 

mean further from µ0 than x is less than alpha. In other words, assume that we use x, 

standard_dev, and size to construct a two-tailed test at significance level alpha of the 

hypothesis that the population mean is µ0. Then we will not reject that hypothesis if µ0 is in 

the confidence interval and will reject that hypothesis if µ0 is not in the confidence interval. 

The confidence interval does not allow us to infer that there is probability 1 – alpha that our 

next package will take a survey time that is in the confidence interval. 



 

 

 

 

 

✓ Next step is the alpha, it is significance level used to compute the confidence level. 

The confidence level equals 100*(1 - alpha)%, or in other words, an alpha of 0.05 

indicates a 95 percent confidence level. 

 

 

✓ Computing the “standard deviation”. Type “= stdev” at the end of the row of a specie, 

or next to the grand total, and then type stdev and then click all counts of the specie 

in all sub-sampling sample. The population standard deviation for the data range and 

is assumed to be known. 

 

 

✓ The “n” is the total number of sub-sampling sample in all survey in a FMA. 

 

 

✓ The CONFIDENCE Interval (alpha,standard_dev,size) 

Confidence interval for a population mean. In other words, the confidence interval for 

the underlying population mean for each species. To compute each species 

confidence interval is type “=confidence then click the space for (alpha, 

standard_deviation,size). 

 

 



 

 

✓ To calculate Upper Limit Density (ULD) is type equal (=) then get the Confidence 

Interval plus the average. 

 

 

✓ To calculate the Stock Abundance per specie, type equal (=) then double open 

parenthesis, input the average over 500 (the sub-sampling area of a transect) then a 

close parenthesis and multiply the reef area of the FMA.  

Formula: ((average of a specie/500)x FMA reef areas) 

 

 

✓ To calculate the Upper Limit Stock Abundance per specie, type equal (=) then double 

open parenthesis, input the Upper Limit Density over 500 (the sub-sampling area of a 

transect) then a close parenthesis and multiply the reef area of the FMA.  

Formula: ((Upper limit density of a specie/500)x FMA reef areas) 

 

 

✓ Input the TAC percent of population per specie from the computation of natural 

mortality in FiSAT II. 

 

 

✓ To calculate the TAC, input equal then the TAC percent of population and multiply 

with the stock abundance. 

 

✓  

 



 

 

 

 

 

 

 


