Estimating Fish Populations in Lakes, from Net Catches


Extending over Many Days
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To make population estimates by marking and releasing fish captured in nets over a period of many days, certain basic data must be tabulated from day to day. Estimates can be made by any one of several methods, but it has been found that the method developed by Dr. David H. Thompson and other workers is the most satisfactory for use in the field. The data, once collected and tabulated, may be applied to other methods of estimating (than the one here attributed to Thompson); but for all methods the required basic data are essentially the same.  


Summarize for each day the following (treating each species


separately):


 1. Date.


 2. Number of fish caught. 


 3. Number of fish marked and released. 


 4. Number of marked fish recaptured. 


 5. Number of marked fish present in the lake: 


 a.  At the beginning of the day--this figure does not include those fish marked and released during the day. It is this figure you will use in making an estimate for that day. 


 b.  At the end of that day--this figure does include those fish marked and released during the day, and you will use it in making your estimate for the following day.


 


 EXAMPLE: 





�
�
�
Marked fish�
�
Date�
Caught�
Marked�
present�
�
     July 1�
10�
10�
0�
�
2�
15�
15�
10�
�
3�
..�
..�
25�
�



In the above example, note that the number of marked fish present at the end of July 2 is 25 but the figure will not be used until July 3. 





 6   Any fish found dead in the -nets or killed in handling. Thesefish should be summarized in the day`s catch, and any  marked fish found dead must be subtracted from the total ofmarked fish present.For instance, assume that at the beginning of operations on June 20, there were 250 marked fish present; that one marked recapture was found dead in the nets and was therefore removed from the lake; and that 10 additional fish were marked and released. On June 21 there would be 259 marked fish present, i. e., 250 plus 10 minus 1 dead in net. An occasional dead and marked fish will be observed on shore. The numbers of such fish which are marked should be subtracted from the total of marked fish present in the lake. Similar deductions should be made for marked fish removed by anglers. If the fishing is heavy, try to secure records of marked fish removed each day and modify the number of marked fish present before making the estimate. The numbers of unmarked fish removed by anglers are disregarded in making population estimates .The difference between recruitment and removal (by anglers) of game fish during the period of the population study theoretically would be reflected by a change in the daily estimates, provided that all marked fish lost from the population are recorded. Thus the daily figure for the number of marked fish present is very important. 





 7. Other pertinent data, such as weather and water temperatures, and changes in netting stations.  (Data such as these usually will be desirable, but they are not an integral part of the estimating process. ) 





If the biologist is estimating the fish populations (one or more species separately) of a large lake (say 300 acres) by operating six to eight trap nets or fyke nets, he has a choice as regards to netting stations. He might use just eight netting stations positioned over the entire lake, and not move the nets during several weeks of netting. Or he might locate a much larger number of netting sites by some system of random selection, and then move the nets from station to station on an orderly schedule. In either event the fish which are marked and released each day should be liberated at some point away from the netting stations so that the fish are not unduly susceptible to recapture which they would be if released simply at the front of the net where first captured. 


Separate records should be kept for each netting station, regardless of number of netting stations used. Reasons for keeping separate records for individual stations are: Certain species will be caught more readily at some stations than at others; nets will catch more fish at some stations; and individual station records will be of considerable assistance in judging the overall distribution of marked fish, and the general efficiency of the netting. 


Records are combined for the lake as a whole in making the estimates. The calculation of the total population (by species separately) is based on the following assumption: If there are 1000 marked fish present in the lake on a given date and the nets on that date catch 10 marked fish (1%), it is assumed that the nets caught 1% of all fish (both marked and unmarked) in the lake. If the total number of fish caught on that date was 150, then the population estimate, based on the catch for that day alone, would be 15, 000 fish. The method is expressed by the simple formula: 





Population = Total number of fish caught ´ Total number of marked fish in lake


			Total number of marked fish recaptured





Thompson's method is to obtain accumulating summaries, for the several days of netting operations, of both numerator and denominator of the above equation; and these summaries are weighted according to the percent of the population made up of marked fish on individual days. Thompson's formula is: 
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where, 		P = estimated population on a given date,


A = number of fish (both marked and unmarked) caught on that date,  


B = number of marked fish present in the lake on that date (see item 5a above) , 


C = number of recaptures on that date,





AB = product of A ´ B,


SAB = sum of the calculated products of A ´ B to date,


SC = sum of all recaptures to date.





The following table contains the actual data and the figures used in estimating the largemouth bass population in Big Bear Lake, Otsego County, in the fall of 1946. The data were compiled from the results of the operation of several nets. For example the figures for September 16 were obtained from the following: 





Net�
�
Marked and�
�
�
number�
Caught�
released�
Recaptures�
�
2�
12�
11�
1�
�
6�
25�
22�
3�
�
7�
11�
11�
0�
�
13�
22�
19�
3�
�
Total�
70�
63�
7�
�



It can be seen in the illustration that on September 16 there were 134 marked largemouth bass in the lake at the beginning of that day. On September 17 (at the beginning of that day) there were 197, i.e., 134 plus the 63 (70 captured minus 7 recaptures) which were initially marked and released on September 16. 





(Table 1)





But if you calculate for both species combined:





Date�
A�
B�
AB�
SAB�
C�
SC�
P�
�
1�
50�
0�
0�
0�
0�
0�
...�
�
2�
250�
50�
12,500�
12,500�
7�
7�
1786�
�



Thus the combined estimate gives a value less than half as large as the figure obtained by adding the estimates made for the two species separately.  Whether you are dealing with two species which differ in vulnerability to capture by the gear being used, or it applies just as well to different size groups or different sexes, if there is a difference in vulnerability, the combining of date for purpose of the estimate always gives a total figure which is too small.


Other factors which unquestionably influence the estimate, besides the differential netting rate of various species, are:


1. Different habitat requirements of various species.


2. Migratory habits as related to the netting stations and the point at which marked fish are released in the lake.


3. Gear used.


4. Length of netting period.


5. Species present.


In order to minimize the above causes of error in the method, several practices are followed.  All fishes taken during the netting operations are released at a central point in the hope that they will redistribute themselves throughout the lake and not be unduly concentrated at the netting stations.  Net locations should be selected with some care so as to improve the catch and have nets in all types of habitats.  Do not hesitate to change the location of a net that does not catch fish; for, generally speaking, the greater number of fish caught the more reliable will be the estimate.  The period of netting should be prolonged until a considerable percentage of the population present has been marked, i.e., until a high ratio of marked to unmarked fish is obtained by the netting operations.  Furthermore, the netting should be continued until the ratio of marked to unmarked fish in the catch remains fairly consistent over a period of several days, and until the daily estimates of the population become quite constant.


Separate estimates should be made for each species, and the total population (of all species) should be considered as the sum of the estimates for individual species. An alternative would be to combine the catch records for all species, and to calculate the total population for all species collectively. However, the total estimate obtained by this second method will ordinarily be smaller than the total obtained by computing for each species separately. The fallacy in the alternative method (all species considered collectively) lies in the fact that those species which are readily captured will have a greater effect on the total estimate than those species which are less readily caught. This is illustrated below by a theoretical example: 





a. Assume that your nets catch bass 10 times as readily as pumpkinseeds.


b. Assume that the lake has a population of: 


100 bass and 


4,000 pumpkinseeds.


c. You catch and mark: 


10 bass (10%-of bass)


40 pumpkinseeds (1% of pumpkinseeds). 


d. Later you catch: 


5 marked bass and 45 unmarked bass (50% of all bass)


2 marked pumpinseeds and 198 unmarked pumpkinseeds (5% of all pumpkinseeds).





By using the formula P = SAB/ SC you calculate:





Bass population





Date�
A�
B�
AB�
SAB�
C�
SC�
P�
�
1�
10�
0�
0�
0�
0�
0�
...�
�
2�
50�
10�
500�
500�
5�
5�
100�
�



Pumpkinseed population





Date�
A�
B�
AB�
SAB�
C�
SC�
P�
�
1�
40�
0�
0�
0�
0�
0�
...�
�
2�
200�
40�
8,000�
8,000�
2�
2�
4,000�
�



Sum of two populations equals 4,100.





If on one day half of the fish caught are recaptures, and the next day only 5% are recaptures, it indicates that the samples are not representative, and the netting should be continued. The formula (Thompson's) compensates to some extent for such variation, but it is when we obtain a constant percentage of recoveries from day to day that the estimate will be most reliable .  


The question arises as to what percentage of the population must be marked in order to give a reliable estimate. In the study of the bass population in Big Bear Lake, a level of 5% to 8% (marked fish in the catch) gave quite consistent daily population estimates over a period of 10 days. In previous studies marked-fish percentages lower than 5% have given unreliable results. Obviously the necessary percentage level is related to the length of time over which the netting operations can be made. It is believed that the 5% level is adequate where netting for recoveries can be carried on for a period of 3 to 4 weeks; with a lower level, the netting period would necessarily be longer; and with a higher level, the period could be shorter. Generally, it is desirable to mark all available fish, in order to keep the length of the netting period at a minimum.  


Insofar as possible all fish should be weighed and measured before being released. Recaptures should not be reweighed and remeasured unless you are able to recognize individual fish. By taking weights and lengths, production (in pounds per acre, etc. ) and average size of various species may be determined. Also an adequate series of scale samples should be taken from all species so that growth can be determined. In some instances you may want to follow population trends over the years, and keep track of year-class abundance; in that case you will want to take scale samples on some planned and systematic schedule. The taking of weights, lengths, and scale samples is not a part of the estimating process, but the information to be gained by taking them will greatly augment the whole study. 


For any population estimate, a usual question is, what are its confidence limits? One set of formulae for variance and standard error of a population estimate are given by Schumacher and Eschmeyer (1943) in Journal of Tennessee Academy of Science, Vol. 18, No. 3, pp. 228-249. Substituting the statistical notations given above (A, B and C), and using K for the number of days in the netting period, the Schumacher and Eschmeyer formulae are: 
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A value of twice the standard error gives approximately the plus and minus 95% confidence limits for the population estimates.  
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