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ABSTRACT

Commercial fishermen in the United States Virgin Islands are required to
submit trip tickets on a monthly basis. Some of the information reported on
these tickets includes: (1) species harvested and related poundage, (2) area fished,
{3) date of fishing trip, and (4) amount of gear employed on the specified trip.
The trip ticket data for 1995 - 96 (July through June of the following year) were
used to estimate production functions for two of the principal types of fishing in
the St. Thomas and St. John area: (1) pot fishing for finfish and (2) pot fishing
for lobster. The estimated production functions associated with these two
identifted fisheries were specified as catch per trip in the identified fishery in
relation to boat length, amount of gear employed, other revenues generated on
the identified trip. area {fished, and seasonality. The two equations were estimated
using a traditional Cobb-Douglas functional form. Results associated with the
estimated equations, together with the economic linkages derived therefrom,
were, for the most part consistent with theory. In addition, location associated
with fishing activities and seasonality were found, in some instances, to
influence catch per trip. Overall, the results suggest that merit exists in
employing the trip ticket data in commercial catch analyses for the U.S. Virgin
Islands and that the information collected from the trip ticket data can be used to
assist managers in the decision making process.

KEY WORDS: Lobster, potfish, Production Function Analysis, U.S. Virgin
Islands

INTRODUCTION
Reported fishery landings in St. Thomas and St. John U.S. Virgin Islands
from July 1992 through June 1993 equaled almost 780 thousand pounds and had
an associated value (at retail) in excess of $3.1 million (Newlin, 1994}. Potfish
represented almost 55% of the total landings by poundage (45% by value) while
lobsters harvested with pots represented an additional 11% of the total poundage
(18% by value). Combined, these two tisheries accounted for two-thirds of the
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total reported landings in St. Thomas and St. John, by value, during the 1992-93
period.

In general, management of the potfish and lobster pot fisheries in the U.S.
Virgin Islands has proceeded with only limited information. The overall purpose
of this study is to add to the limited information base by developing and
estimating production functions for these two defined fisheries. These
production functions, which examine catch per trip in relation to economic and
environmental variables of interest, can be used by fishery managers n the
region to help analyze the impacts that may be associated with different
management measures; particularly measures aimed at limiting the overall fevel
of effort (such as pots).

The paper, to achieve the purpose stated above, proceeds as follows. In the
next section, the methodology employed for purposes of analysis is presented.
Then, results are given. Finally, a discussion of relevant findings and
recommendations is presented.

METHODS

Commercial fishermen in the United States Virgin Islands are required to
submit trip tickets on a monthly basis. Some of the information contained
therein includes: (1) an identification code unique for each fisherman, (2) species
harvested and related poundage on a per trip basis, (3} date of fishing trip, (4)
amount of gear employed per trip, and (5) area fished on a given trip (see Figure
1 for specified areas). In addition, boat length is recorded when the fisherman
obtains a commercial license each year.

To estimate production functions for the potfish fishery and the lobster pot
fishery for the St. Thomas and St. John area, boat length was first merged with
the trip ticket information based upon the unique identification number
associated with each commercial fisherman. Deleting those observations where
relevant data were missing left a total of 1,629 usable observations (i.e., trips)
with respect to potfish activities in St. Thomas and St. John during the 1995-96
(July through June) year and 351 lobster pot trips. These two figures represent
the number of observations used in estimation of the two respective production
functions.

To estimate the production functions for the two fisheries included in the
analysis (i.¢., the potfish fishery and the lobster pot fishery), the Cobb-Douglas
functional form was selected for the following reasons [see Beattie and Taylor
(1985} for a discussion of the Cobb-Douglas production function]. First, it was
assumed that within the range of the data, total catch per trip would not decline
as additional inputs (i.e., pots) were employed by the fisherman.
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A second reason for choosing the Cobb-Douglas functional form for analysis of
fishing practices is that it is expected, a priori, that each economic input in the
production process (i.e., number of pots and boat length) should be limiting.
Specifically, if zero level of either of the two economic inputs is used, output
would also equal zero. A third reason for employing the Cobb-Douglas
functional form for analysis is that it allows for estimation and testing of
increasing, decreasing, or constant returns to scale with respect to the economic
factors of production. Finally, the Cobb-Douglas functional form was selected
because of its simplicity. Specifically, the Cobb-Douglas functional form tends
to be relatively robust with respect to estimated parameters and is easy Lo
estimate. At the same time, two shortcomings associated with this functional
form should be noted. First, it implies a constant output elasticity with respect
to input usage (i.e., the percentage change in output associated with a one
percent change in input usage) and, hence, returns to scale remain unchanged
throughout the production region. Second, a constant elasticity of substitution
is implied. The implications associated with these two shortcomings, while of
relatively little concern for small changes in input usage, may become
unrealistic if inputs are changed by significant amounts.

For purposes of this study, specification of the production function
employed in each of the two analyses (i.e., the potfish fishery and the lobster pot
fishery) is presented as follows:

14

B B B N
C=f,ex, "*X, “ox, ~sexp (}: -x,.-B}.)-exp(xls-Bm)-exp(Z x,-Bi)°exp(£)

i=4 i=16

Where:
C = potfish or lobster catch per trip (expressed in pounds)
x] = boat length (in feet)
%7 = number of pots fished per trip
x3 = other revenues per trip
X4 - X4 = vector of monthly dummy variables (July represents the
excluded category)
x15 = dummy variable indicating whether trip occurred in federal or
non-federal waters (equal to 1 if trip occurred in federal waters, O if
otherwise)
X16 - %n = vector of regional dummy variables {the Saint John South
arca was the excluded category)
€ = error term
B - B, = parameters to be estimated
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As indicated, catch per trip in each of the two respective fisheries is specified
as a function of boat length, number of pots fished on the specified trip,
revenues related to the catch of other species on the identified trip, a vector of
area dummy variables, and a vector of seasonal variables. In general, catch per
trip in each of the two identified fisheries is expected to be positively related to
both boat length (i.e., 9C/0x >0) and the number of pots {ished per trip (i.e.,
AC/x2>0), ceteris paribus. Conversely, as the revenues from the catch of other

species increases, catch per trip in the estimated fishery (i.e., either the potfish
fishery or the lobster pot fishery) is expected to decline (i.e., dC/0x3<0), ceteris

paribus. This expectation is based on the premise that the harvest of other
species on a given trip detracts from the amount of time available for potfishing
or lobster pot fishing activities. Insufficient information is available to a priort
state the expected signs associated with the locational (area} and seasonal
variables.

Before presenting the results, one deficiency associated with the model
described above should be noted. Specifically, soak period is not included in the
analysis. This variable, which is likely a relevant factor in the production
process, was excluded because no information exists on the trip ticket
information by which to infer its value. The implications associated with
excluding soak time in the estimated equations, in a statistical framework,
depend on the correlation of soak time with variables included in the respective
models. If soak time is highly correlated with either boat length or number of
pots fished per trip, for example, some bias associated with the estimated
parameter(s) is expected [see Maddala (1977) for details]. Furthermore, the
severity of bias will increase in relation to the degree of correlation between the
excluded and included variable(s). Because of the lack of an understanding
regarding the relationship between boat length (or pots fished) and soak time, the
direction of bias can not be determined (if present) .

Results pertaining to commercial potfish and lobster fishing activities in St.
Thomas and St. John U.S. Virgin Islands for the 1995-96 (July through June)
period are presented in two sections. In the first section, some relevant summary
statistics are given. Then, results specific to the estimation of the Cobb-Douglas
production functions associated with these two fisheries are presented.

Summary statistics

Summary statistics related to potfish and lobster fishing activities in St.
Thomas and St. John for the 1995 - 96 period are presented in Table 1. Potfish
catch per trip, as indicated, averaged 133 pounds with an associated standard
deviation of 127 pounds. Lobster catch, by comparison, averaged 100 pounds
per trip with an associated standard deviation of almost 80 pounds.

Average boat length reported in association with potfishing trips equaled
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24.6 feet which was almost three feet less than the average boat length reported
in association with lobster fishing activities (i.e., 27.3 feet). The average
number of pots fished in association with pot fishing activities equaled 42
compared to 59 in association with lobster fishing activities.

Trips wherein potfish activities were reported (i.¢., potfish catch was greater
than zero and pots fished exceeded zero) also, in many instances, suggested catch
of other species (for purposes of analysis, other species were limited to lobster
pot catch and hookfish catch). The value of the other catch per trip was
estimated to equal $95, on average. Similarly, trips wherein lobster pot
activities were reported indicated caiches of other species (i.e., potfish and
hookfish) valued at approximately $200 per trip, on average. As indicated, there
is a wide standard error associated with both of these estimates. This reflects the
fact that in a large percentage of the cases, other catch (expressed in revenues
earned) was equal to zero and, hence, the distribution of other catch was highly
skewed.

An examination of area fished suggests that the Southwest area of St.
Thomas was the “preferred” fishing region for both potfish and lobster fishing
activities during the 1995 - 96 year. Specifically, an estimated 38% of the
potfish trips and 43% of the lobster trips reported during 1995 - 96 occurred in
this area. The Southeast area of St. Thomas accounted for another 24% of the
potfish trips compared to 15% of the lobster pot trips. Potfish and lobster pot
fishing activities on the north side of the two islands tended to be very limited
with the exception of the Northwest area of St. Thomas which accounted for
16% of the total reported potfish trips and a quarter of the reported lobster pot
trips.

The information contained in Table 1 also suggests that the vast majority of
lobster pot fishing activities, as defined by the number of trips, occurred in
Federal waters (71% of the total 351 trips). By comparison, less than one-half
of the 1,629 potfish trips retained in the analysis occurred in Federal waters
according to the trip ticket data.

Finally, an examination of percentage of trips by month, as provided in
Table 1, suggests that almost a quarter of all potfish and lobster pot activities
occurred in the months of July and August. Conversely, the percentage of trips
in September through November tended to be relatively low, most likely the
result of Hurricane Marilyn which hit the U.S. Virgin Islands on September
15,1995, Trips by month from December through the following June generally
fell in the relatively narrow range of eight to ten percent.

Regression Results

Estimation results are presented in Table 2. The coefficient of determination
associated with the two models (the R2 for the potfish model equaled 0.756

1104



Keithly, W.R. and G. Garcia-Mocliner GCFIi:50 {1998}

while the R2 for the lobster model equaled 0.669) suggests that, in general, the
estimated models fit the respective data sets relatively well; particularly in light
of the cross-sectional naiure of the data. In addition, the parameter estimates
associated with all of the economic variables included in the respective analyses
(i.e., boat length, pots fished per trip, and other revenues per trip) exhibit the
anticipated signs and are statistically significant (at the 10% level of
significance).

Pots fished per trip — The results suggest, given the constant output elasticity
nature embodied in the Cobb Douglas production function, that a ten percent
increase (decrease} in the number of pots fished per trip in the two respective
fisheries (i.e., the potfish fishery and the lobster pot fishery) will yield an
estimated 7.9% increase (decrease) in potfish catch per trip and a 6.5% increase
(decrease) in lobster catch per trip, ceteris paribus. The estimated output
elasticily with respect to an additional pot in the lobster pot fishery (0.65) was
nearly identical to that found by Keithly (1981) in his analysis of the Florida
spiny lobster fishery. Parameter estimates associated with pots fished per trip in
each of the two models (i.e., parameter estimates less than one) indicate
declining return o scale in association with the hauling of additicnal pots on a
per trip basis.

Boat length — Boat length was found to be a significant positive variable in
both estimated models while holding the number of pots constant, The output
elasticity per foot of boat in the potfish fishery was estimated to equal 0.437
indicating that a ten percent increase in boat size will result in an expected 4.4%
increase in the harvest of potfish on a per trip basis, cereris paribus. The
estimated output elasticity in the lobster pot fishery (1.07) was more than twice
that found in the potfish fishery and suggests relatively large increases in lobster
catch in assoctation with increasing the boat length. Specifically, a ten percent
increase (decrease) in boat length will result in an anticipated 10.7% increase
{decrease) in lobster catch, ceteris paribus.

Other revenues per trip — The harvesting of other species in association with
potfishing and lobster pot fishing activities in St. Thomas and St. John, while
significant in a statistical setting, was found to exhibit only miner economic
impacts in relation to the harvesting of potfish and lobsters. Specifically, a ten
percent increase in revenue generated from the harvest of other species was
estimated to result in only a 0.066% decrease in the poundage of potfish
harvested on a per trip basis and an approximate one-half of one percent (ie.,
0.043) decline in the harvest of lobster poundage, ceteris paribus.
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Region — In order to examine catch by region, all independent variables in the
two respective equations, with the exception of region fished, were set at their
respective means (see Table 1). The region being considered was then assigned a
value of one for its mean while the mean values of the other regions were
assigned values of zero. This procedure provides an estimate of catch per trip by
region; holding all other variables at their respective means. Results associated
with this analysis are presented in Figure 2 for potfish and Figure 3 for lobster.
Estimated potfish catch, as indicated, was found to equal approximately 120
pounds per trip in three regions: (1) the St. John South area, (2} the St. Thomas
Southwest area, and (3) the St. Thomas Northeast area. Catch per trip in both
the St. Thomas Northwest and St. Thomas Southeast areas was estimated to
equal approximately 100 pounds. Potfish catch in the British Virgin Island and
the North St. John areas was estimated to equal approximately 90 pounds per
trip though the small sample size associated with the number of potfish trips
reported in these two areas (see Table 1) suggests one should view these results
with some caution.

With respect to lobster pot fishing activities (see Figure 3), lobster catch per
trip was found to be highest in the area Northeast of Si. Thomas (approx. 90
pounds), ceteris paribus, and lowest in the area Southwest of St. Thomas
(approx. 65 pounds). Estimated lobster catch in the three remaining arcas
equaled approximately 75 pounds per trip.

Potfish catch per trip was estimated to be statistically significantly higher in
Federal waters than in Territorial waters (by approx. ten percent), after
controlling for ali other factors of production {e.g., differences in number of pots
fished and boat length), while lobster pot caich per trip was estimated to be
significantly less in Federal waters than in the Territorial waters (by aboul a
third). This finding is somewhat unique in the sense that the majority of lobster
pot activities occurred in Federal waters while the majority of potfish activities
occurred in Territorial waters (see Table 1). Providing a plausible explanation
for these findings, in the absence of additional information, is beyond the scope
of this paper.

Month of Trip — In general, the analysis, as indicated in Table 2, suggests a
strong seasonal pattern with respect to potfish catch per trip when examined on a
monthly basis. Specifically, potfish catch per trip was highest in September,
ceteris paribus, and declined thereafter until reaching a minimum in the months
of May and June. Overall, the estimated potfish catch per trip in June was
estimated to be approximately 40% less than that in the peak month of
September. This relationship is illustrated in Figure 4.
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Table 1. Selected Summary Statistics Pertaining to Potfish {for Finfish) and
Lobster Pot Fishing Activities in St. Thomas and St. John U.S. Virgin Islands,
1995 (July) - 1996 (June). BVI = British Virgin Islands, SJN = North side of St.
John, SJS = South side of 5t. John, STSE = Southeast area of St. Thomas,
STSW = Southwest area of St. Thomas, STNE = Northeast area of 8t. Thomas,
and STNW = Northwest area of St. Thomas (see Figure 1).

Mear‘?mf'sh&t.n. MeahObSteg.D.
Catch/trip (lbs) 133.4 126.9 100.2 78.3
Other/trip (%) 95.6 2144 207.4 406.9
Boat Length (ft) 24.6 6.8 27.3 3.4
Pots {no) 42.3 32.9 58.7 46.5
Region:a
BVl 0.01 0.10 0.00 NA
SJN 0.01 0.11 0.00 NA
SJS 0.15 0.35 0.13 0.34
STSE 0.24 0.42 0.15 0.36
STSW 0.38 0.48 0.43 0.50
STNE 0.06 0.24 0.03 0.17
STNW 0.16 0.36 0.25 0.44
Waters (%):b
Territorial 0.53 0.50 0.29 0.45
Federal 0.47 0.50 0.71 0.45
July 0.12 0.32 0.12 0.28
August 0.12 0.33 0.11 0.31
September 0.06 0.23 0.03 0.17
October 0.05 0.21 0.07 0.25
November 0.07 0.25 0.07 0.26
December 0.08 0.27 0.09 0.28
January 0.08 0.27 0.10 0.28
February 0.09 0.28 0.12 0.32
March 0.08 0.27 0.08 0.28
April 0.10 0.29 0.09 0.28
May 0.09 0.28 0.09 0.28
June 0.08 0.28 0.10 0.30

Trips in Territorial and Federal water included in the Federal waters category.

a} BV refers to British Virgin Islands; SJN refers to the North side of
St.John; SJS refers to the South side of St. John; STSE refers to the
Southeast area of St. Thomas; STSW refers to the Southwest area of
St. Thomas; STNE refers to the Northeast area of S5t. Thomas; and
STNW refers to the Northwest area of St. Thomas (see Figure 1}.

b) Trips occurring in both Territorial and Federal water were included in the
Federal waters category.
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Figure 2. Potfish - Estimated Catch Per Trip by Region, 1995-96.
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Figure 3. Lobster - Estirmated Catch Per Trip by Region - 1995-96.
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As with potfish activities, the estimated lobster catch was found to be lowest
during the months of May, June, July, and August (see Figure 4). Similarly,
as was the case with potfish, estimated lobster catch per trip was highest in
September. However, the seasonality pattern evident with respect to estimated
potfish catch per month was much less evident with respect to lobster.

1

i

—e—Potfish _5_ Tobster

Month
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ey

Ju Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

160.0
140.0
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Catch

Figure 4. Estimated Catch Per Trip by Month, 1995-96.
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DISCUSSION

The analysis presented in this paper, in general, supports the use of trip
ticket data to examine the relationship between catch per trip and economic and
environmental variables of importance. The economic variables included in the
respective models, without exception, exhibited the anticipated signs and were
statistically significant. Environmental variables included location factors and
seasonality factors which could influence catch per trip. Results suggest that
both of these group of factors do, indeed, influence per trip catch. With respect
10 area fished, specificalty, certain areas were found to be more productive than
others, after controlling for different levels of the economic inputs used in the
production process. The estimated differences in area productivity likely reflect
a combination of (1) different levels of aggregate effort which could influence
catch on a per trip basis and {2) different bottom characteristics (habitat) that
would influence the overall stock size by area.

While the overall results associated with the two estimated equations appear
satisfactory, the absence of data related to soak time should not be discounted.
As such, one enhancement with respect to the trip ticket data collected by
commercial fishermen would be the reporting of soak time on the individual
trips.
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ENDNOTES
1. The term potfish, as employed in this paper, refers to the harvesting of
finfish with the use of pots.
2. There is also a very small amount of commercial diving for lobsters,
Harvest of lobsters by diving accounted for less than five percent of the total
commercial take of lobsters in St. Thomas and St. John in 1992 - 93.
3. The other primary fisheries in St. Thomas and St. John include a hookfish
fishery (19% of the 1992 - 93 total fishery production by poundage) and a netfish
fishery which accounted for 12% of the total harvest by poundage.
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4. Observations where lobsters were harvested by diving were not included in

the lobster pot analysis.

5. A total of 345 observations related to potfish activities and 91 observations

related to lobster pot activities were deleted due to missing data. All of the

missing data pertained to boat length,

6. As previously noted, only those observations wherein all relevant

information was available were included in the analysis (including summary

statistics). Comparison with the complete data sets suggests only minor

differences in mean values, in general.

7. For purposes of analysis, other catch was converted from pounds to revenues

(based on the 1993 - 94 reported retail prices) to avoid having to add pounds of
different species. In cases where no other catch was reported, value was

arbitrarily set to $0.01. This was necessitated by the fact that the continuous

independent variables included in the respective regression equations were

specified in log form and the log of zero is undefined.

8. As indicated by the information contained in Table 1, a small amount of
potfish activities occurred in the area of the British Virgin Islands even though

that area is reportediy off limits to fishermen from the U.S. Virgin Islands. No

lobster pot activities were reported in either the British Virgin Islands or the area

north of St. John,

9. Fishermen, in many instances, reported that a given trip occurred in both

Territorial and Federal waters. These trips, for purposes of analysis, were treated

as having taken place entirely in Federal waters.

10. The output elasticity with respect to boat length in the lobster pot fishery,

in general, appears to be unusually large given the nature of the input used in the

production process. One possible explanation for the finding is that larger boats

provide fishermen the mobility to more easily target lobster stocks in relation to

migration patterns of the lobster stocks.

11. The reader may notice that the estimated potfish catch for all regions
examined falls below the mean reported catch per trip of 133 pounds. This
suggests that the number of pots (and boat length) fished in the more productive
areas likely exceed the mean number used in the analysis.

12. The relatively high percentage of lobster pot activities in Federal waters in

relation to potfish activities may, to some extent, related to the average size of

boat used in the respective activities, Specifically, the average boat length

associated with lobster pot activities exceeded that reported for potfishing

activities by almost three feet. The larger boat size may encourage an increase in

activities in Federal waters.

13. The one major exception to the declining trend after September was in the

month of March wherein there was a large increase in the potfish catch per trip,

ceteris paribus.
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