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REPORT I

THE TORTUGAS SANCTUARY STUDY

MAY 19Rf1-FFRRUARY 1082

by

Edward F. Klima

Thomas Costello



INTRODUCTION

Whe Shr1mp Fisherv Manaqement Pplan for the Gulf of _
Mexico was 1mplemented by the Secretary of Commerce on Mav
15, 19811l. The Tortugas shrimp sanctuary was implemented
concurrently on that date and regﬂlations prohibited all
trawling activity within that area. The objective of the
Tortugas shrimp sanctuarv is to optimize the yield of the
- shrimp recruited to the Mortugas fishery by establishing a
cooperative closure with the State of Florida and the U.S.
Department of Commerce to pratect'small'shrimp until they
have generally reached a Size large than A9 tails/1b.”
According to the plan, vield would be increased by pro-
tecting shrimp from fishina in an area where they were pre-
dominantly small and growing rapidly. ' -

This overview report provides an evaluation of how well
the obiectives of the Totugas shrimp sanctuary requlation
were achieved in 1081, The overview report presents the
results of the individual research studies that have been
undertaken in connection with the Tortugas shrimp sanctuary.
The individual research reports'are listed in Appendix A of
this report. These specific research papers shduld he '
referred to for a detalled descriptlon of the data ohtained
and analvtlcal methods used. Appendix B of this report also
contalns a cost summary of the research studies.
| The Gulf of Mexico Fishery Manaqement Council (GMFMC)
requested the Southeast Fisheries Center (QEFC), National
Marine Fisheries Service, National Oceanic and Atmospheric
‘Administration to plan and initiate a program of sampiinq
£ rom September 1981 through February 1982 to determine
whether adjustments of the Tortuaas sanctuary area might be

necessarv to delineate the Tortuagas shrimp nursery area more

*70 shrimp/1b, heads off.



precisely., ‘This report specifically addresses the following

questions:

1. What is the reaulatory history of the Tortugas pink

shrimp fishery?

2. What are the characteristics of the Tortugas
fishery in the period of research including catch,
effort, catch per unit of effort (CPUE) and fleet
mobility? | |

3. What are the size ranges of shrimp inside and out-
side the sanCtuary'area.durinq the study period.?

4.

What is the effectiveness of the sanctuary line in
protectinag small shrimp from fishing compared to

selected alternative positions of the sanctuary
line?



QUESTION l: What is the requlatory history for the Tortuqas
pink shrimp fishervy? ' '

Historic |

'Commercial concentrations of pink shrimp were discovered
in the Tortuaas Florida area by fishermen Felix Salvador and
Everett Peterson in 1949, A fishery was'develﬁped-in 1950
and has ordinarily produced annual catches of.8-12 million-
l1bs, heads off.* The fishery is primarily hased on a single
species, Penaeus duroraum. Other species occur in trawl
catches, notably Trachypenaeus similis, T. constrictus,
Solenocera atlantidic, Penaeopsis qoodei and some rock |
shrimp of the genus Sicyonia. These are of minor impor-
tance., |

As early as 1955, widespréad concern developed over the
possibility that Tortugas pink shrimp, particularly small
pink shrimp, were being overexploited. Most of the concern
was expressed over larqge catches of very Small shrimp which
were not saleablé'and were therefore discarded at sea.

Studies by Ehe'Marine Laboratory of thé University of
Miami led to initial Tortugas management regulations enacted
by the Florida State Board of Conservation in 1957. mThe
- 1957 session of the Florida legislature passed a law desia-
nating part of the Tortugas fishing qrounds.a 5ccntrolled
area”, i.e., an area that could be closed or open to shrimp
trawling as appropriate (Figs 1 and 2). 'This *cantrolled'
area" is the forerunhef of the present sanctuary (a sanc-.
tuary in various qeoqraphic forms has been in effect =
throughout the history of this fishery). The decision to
open or close the "controlled area" was based on sizes of
shrimp occurring in the area. When shrimp were predbmi-
nantly smaller than 50 count, heads off, the area was to be

*Commercial landinqs are'reportéd in 1bs, heads off.




closed to trawlina, 1In 19A]1 the Florida leqislature‘modi-
fied the controlled area specifyling one part to he per-
manently closed and designated a "nursery area”". The
remainder was designated as a controlled area to be opened
or closed as appropriate based on sizes of shrimp in that
area (Fig 3). An analysis of Tortugas shrimp siées deri?éd
from samplina in the area is given by Ingle et al. (1959),
A history of requlations relatina to the Tortugas shrimp
fisherv is given by Costello (MS), and it has been discussed
by Caillouet and Koi (1981) in the context of annual fluc-
tuations in size composition of the catches from 1960 to
1978,
Deferred Harvest Rationale

Initially, the decision to establish a sanctuarvy for
small pink shrimp in the Tortugas area was based on the
assumption that deferred harvest of small pink shrimp would
result in a benefit to the fishery. The background for the
State of Florida management of the Tortugas fishery is |
clearly expressed'in a letter of August 24, 1978 from
Charles R. Futch to O, B, Lee. The letter in'part stated
"...We operate under the basic assumption that: it is
desirable to catch the areatest possible number of pounds of
shrimp, this desirabilitv beinq-enhan¢ed as the sizes of
shrimp are increased." The letter from Futch to Lee further
explains Florida State management as follows: "...The
shallow, brackish, grassy areas of Florida Rav serve as the
nursery grounds for pink'shrimp. As arowth proceeds, shrimp
seek progressively deeper water, resulting in west and
northwesterly movements. A_comparison of shrimp size with
depth (Iversen, et al.,, 1960) demonstrated that, despite a
size differential between sexes, size increased with
‘increasing water depth, Females with a mean carapace length

of 25 mm (corresponding to a count size of 67, heads on)




could be expected in depths of 7 fms or greater.

' "Clearly, shrimp can be expected to be laraer than
67-count/tails bv.the time they migrate into the oPén |
fishing area. The fact that the lona northern leqg of the
line crosses the 7-fm contour presents no contradiction., '
Iversen et al. (1960) also noted a size qradient in a
northerly direction irrespective of depth.” The fact that
‘Florida Ray estuaries serve as nursery areas for the

Tortugas fishery was confirmed in a serieS'of-mark-tecapture.
experiments (Costello and Allen, 1966).
Mortality Studies

‘Studies estimating rates of fishing and natural mor-
tality for Tortugas pink shrimp (Costello and Allen, 19A48;
Berry, 19A7; Parrack, 1980) supported the rationale for
deferred harvest mahaqement cf Tortugas pink shrimp.
Lindner (1965) presented a clear summary of what we know
about shrimp size and the Tortugas fishery. His paper
further supports the view that protection of small shrimp
would increase yield. Ahother studv'(Kutkuhn; 1966) did not
support the rationale for deferred harvest mahaqement;
however, mortality estimates in the study were based on
small numbers of ohservations and p0551b1e b1as in marklnq
| methods.- |

The Department of Commerce F1sherv Management Blan |
enacted in 1981 established a cooperatlve Tortugas sanctuarv
closure designed to protect small pink shrimp until they
have generally reached a size range larqer than 69 tails/lb.
This sanctuary slightly modified the historic sanctuary
established_by the state of Florida. ™he original
"controlled area", its location relative to the Florida
keys, the histofic State of Plorida shrimp sanctuary and the

l7homas Costello, Dept. of Commerce, NOAA, NMFS, SFFC,
Miami, FL; personal commun1cat10n.



current Mortugas sanctuary established in the Department of
Commerce Shrimp Fishery Management Plan are shown in Figs 1,
2, 3 and 4. |
QUESTION 2: What are the chafactetistics of the Tcrtuqas
fishery in the period of research including
catch, effort, CPUE and fleet mobility? (This
answer is based on information from Klima, ét'
al. (MS)). |
Commercial landings from statistical subareas 1, 2
‘and 3 in 1981 greatly exceeded landings in all of the vears
of the fishery since 1960. Average landings are approxima-
tely 10 million 1lbs/yr, heads off; however, in 1981 landings
amounted to 14.5 million 1lbs of shrimp. The landings
appeared to be stable during the 21-yr period with the
exceptions of 1960 and 1981, which greatly exceeded the
average and were larger than the standard deviation of this
21-vear period (Fig 5). _ '
mhe fishery basicallv begins each ?ear in September/
October with recruitment of small shrimp to the grounds with
peak harvest in December, January and February and slight
declines in March and April, tapering off considerablv in
the May-August period. It is evident that monthly landings
in 1981 were markedly different than the monthiy averages of
"the landings in the rest of the years (Fiqslﬁ-and 7). '
 Fishing effort did not fluctuate greatly over the 2l-yr
time frame and averaged 16.5 thousand davs/yr. One fishing
day is defined to bhe equivalent to 74 hrs of fishing time.
Hiqghest efforts were expended 1in 1961 and 1978, In 1981,
the effort was below average but within one standard
deviation of the 21-yr time span (Fig 8). Rrowder? indica-

2Br0wder, Joan: Doc; NOAA, NMFS, SEFC, Miami, FL; personal

communication.



tes that 768 vessels trawled in the Tortuqas—ﬁanibel grounds
(subareas 1-4) in 1981, Over 72% of these véssels also -
trawled in other regions of the Gulf of Mexico that same
vear. The total activity of the fleet, according to the
number of trips, reaches a peak in the winter in Tortugas-
Sanihel and a peak in the summer in the rest of the Gulf.of
Mexico. | | '

Furthermore, the relative abuﬁdaﬁce of pink shrimp as
measured by CPUE for 24-hr fishing days is remarkably stable
“thorughout the 1960-1970 period, with an average of 603 '
1bs/24-hr day (Fig 9). The highest CPUE occurred in 1981
with a catch of 957 lbs/24-hr day. There were significant
differences in thé CPUE between 1981 and all other vears in
the fishery. Further, when comparing fishing effort versus
catch, the catch appears to be relatively stable for all
years except 1960 and 1981 (Fig 10). |

Size distribution in 1981 was significantlvy different
from that in the last 5 vears (1976-1980) and the first 5
years (1960-1964) of the fishery. The difference bhetween
1981 and the other vears was a major recruitment of S0-count
or smaller shrimp onto the fishing grounds in March and
April 1981, ™his recruitment could be followed by their
modal size classes through Augqust. Historically, there is
not a large sPrinq recrultment; howevef,.lQBl was different
and this recruitment was easily detectable in the size cate-
gories of the commercial landings. In October-December
1981, larger shrimp were landed than for a similar time
period from 1976-1980,

The catch and_relative.abundance, as well as the size
distribution of the'shrimp on the Tortugas arounds, was dif-
ferent in 1981 from all other years of the fisherv except
perhaps 19A0. Landinas were higher, CPUE was higher, and
"majOr recruitment of small shrimp which could be followed



throughout the fishery for several months occurred in March
and April., The newly-established sanctuary line may have
protected the small shrimp durinq the months of Mavy-
September and may have resulted in larger shrimp being
caught in October, November and December, Subsequent
recruitments of small yvoung-of-the-yvear shrimp in the fall
of 1981 was probably not as great as in previous vears.
Unfortunately, 1t is not possihle to make a clear deter-
mination from these data that the differences observed in
the commerical catch statistics were attributed to implemen-
tation of the Tortugas sanctuary. The reason for this
conclusion is that there was an unusually large shrimp
recruitment into the Tortugas shrimp fisherv that preceded
establishment of the sanctuarv line. However, the line may
have contributed to the continued high CPUF and high lan-
dings as well as preservation of the dominant modal aroup,
thereby resulting in harvesting of large shrimp from
October-December 1981. _
Furthermore, questions arise as to how many fishermen
refrained from fishing inside the sanctuary, as 33 viola-
tions were documented from May 1981 through March 1982
(Fuss).3 1If considerable amounts of illegal fishing 4did
occur, the catch results presented in this paper may he
biased in terms of measures of CPUE. Thus the full benefits
of the sanctuary would not be realized. '
QUESTION.3: What are the size ranges of shrimp inside and
outside the sanctuary area during the study
period? (This answer is based on information
from Roberts {(MS)).

3Fuss, Charles; DOC, NOAA, NMFS, Southeast Regional Office,
St. Petersburg, FL; personal communication.



Research cruises were conducted-frbm September 1981

- through February 1981, Stations were placed both inside and
outside the sanctuarv line (Figq 11), with the obiective to
determine whether the line should or could be moved +10% and
still protect juvenile pink shrimp from fishina. Although
samplinag was not conducted throughout the entire fishing
grounds, our stations adequately reflect the shrimp popula-
tion in the vicinity of the sanctuary line. The answer to
this question'is based on the shrimp sampling stations and
1s discussed in detail by Roberts (MS).

The average monthly relative abundance of shrimp from
the survey station data for the entire study area varied
throughout the study period from a low of 8.8 1bs%/30-min
tow for one net in October to a high of 23.5 1lbs in January.
However, the CPUE inside the sanctuary area was always
‘higher thah outside the area. InsidE_the'sanctuary, shrimp
catch rates ranged from over 30 l1lbs/hr in January to a low
of 11 1bs/hr in October, whereas outside the area, catch
rates ranged from 6.4 1bs/hr in October to a high of 15.9
1bs/hr in January (Fig 12; Table 1); To specifically look
at the differences in relative ahundance between the inside
and outside-sanctuarv areas, we have constructed Table 2
listing the number of stations in which a minimum commercial
catch of »8 1bs/30-min tow> for one net"and'the maximum-

_ 4Ca_tches and catch rates of the research'cruises are given
in heads-on weight. |
5a catch.rate.of 8 lbs heads_on/BO—min'tow'for one net 1s
equivalent to approximately 322 1bs heads-off shrimp per

8 hours fishing with four nets and is defined as "minimum
commercial catch".



number of prnds caught in a given month were recorded.
This table clearly indicates that the waters inside the
sanctuary 1n the "boot"” area (west of the sanctuary line,
running north-south) are orolific. Also, the waters inside
the sanctuary are significantly more productive than the
areas outside the sanctuary. Good catcheS-wete experienced
throughout the Tortugas grounds both inside and outside the
sanctuary only in Januarv.

With regard to size, Roberts (MS) found that shrimp
averaging 70-count or smaller, heads off, occurred both
incide and outside the sanctuary line in all months except
December. Likewise, shrimp that averaged larger than
70-count were found inside and outside the sanctuary in all
" six months of the study period. These data clearly indicate
that the sanctuary line is not a knife-edqge division which
separated small and large shrimp during the f-mo study
period. |

To further substantiate this statemeht, Roberts examined
the percentage size distribution of shrimp smaller than the
70-count found inside and outside the ganctuary line from
September 1981 to February 1982 (Table 4; Fiﬁs 13 and 14).
1+ is clearly evident that 50% or more of the shrimp found
inside the sanctuary in all months except December were
smaller than 70-count and that outside the line much larger
shrimp were found, although 24% or more of the population
outside the sanctuary were con51dered to be small in all
months except December.

During this studv, proportions of shrimp smaller than
" 70-count on the Tortugas grounds ranged from a low of 26% in
December to a high of 62% in January. - Inside the sanctuary,
the percentaqe of shrimp smaller than 70- count ranged from a
low of 28% in December to a h1qh of 68% 1in qeptember,_
whereas the percentage of small shrimp was always less out-

10



side the sanctuary except in Januarv and February. 1In
December, very few less-than-70-count shrimp were found on
the grounds. 1In January, over 68% of the shrimp outside the
‘line were smaller than 70-count, whereas inside the line
only 62% were that size. | . |

One important question is what proportion of the small
size pink shrimp (smaller than 70-count) in the area sampled
was inside the sanctuary line. Table 5 and Fig 15 provide
this information on a monthly basis and it is evident that
the sanctuary line does, in fact, protect small size shrimp
‘during all months, as a predominant proportion of small
- shrimp in the population in the area sampled is found inside
the sanctuary from September through Februaryv. '

Further, it is also evident that some portioh of the
shrimp population is inside the sanctuary and shrimp are
larger than 70-count. This percentage varies by month
throughout the 6-mo period and ranges from a low of 23% inb
September to a high of 50% in December (Table 5. Tt
appears that in December, over 50% of the shrimp larger than
70-count were inside the sanctuary. Conversely, in December
only:lg% of the shrimp smaller than 70-count were inside the
"line. The biomass of shrimp smaller than 70-count was
lowest in Octobef and December and almost five times greater
in January (Fig 14), |

Therefore, we conclude that the sanctuary line, although
it does not protect all of the small shrimp, does protﬁct a
high percentaqge of the shrimp'in the Tortugas area. Florida
Bay has been identified as the major nurserv area for juve-
_ nile pink shrimp that are recruited to the Tortugas fishery
(Costello et al. MS). It should be recognized, howevef,
that the déeper waters of the Mortugas fisher? were not ade-
quately sampled, nor were the very shallow areas where
extensive logqerhead spoﬁqes are located. Conceivably,

11




larger shrimp could be found in deeper waters and small
juvenile shrimp found in the loggerhead sponge areas.
Therefore, the data presented here only represent that por-
tion of the Study area that was sampled for the é-mo period
of time. However, we féel it is representative of the
Tortugas fishery and as such, is an adequate sample.
QUESTION 4: What is the effectiveness of the sanctuarvhline
in protecting small shrimp from fishing com-
pared with alternative positions of the sanc-
tuary line? '

The survey data reported by Roberts (MS) indicated that
3% or more of the total number of shrimp smaller than
70~-count/1lb were found inside the sanctuary but also 56% or
more of all shrimp larger than 70-count were found inside
the sanctuary line (Table f; Figs 15 and 16). The reason

for this is that the highest biomass of pink shrimp was
'always concentrated inside the sanctuary area and that out-
side the restricted area, the shrimp stock was at least at a
50% lower level df abundance in all months except perhaps
' October (Table 1). '

The relative abundance of shrimp on the Tortugas grounds
varied throudghout the f-mo period (Fig 14). Highest bilomass
occurred in January, next highest in September, closely
followed by November. Lowest biomass was encountered in
October and December. The biomass of shrimp smaller than
102 mm TI. for all stations reflected the general overall
biomass and indicated that agailn Seﬁtember, November and
January were the peak periods of small shrimp abundance., It
appears'there was a maior recruitment to the grounds 1n
 January 1982. |

Inside the sanctuary area, biomass again reflected the
same peak time frames of abundance and these data indicated

that the sanctuarv does protect a large proportion of the
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small recruiting shrimp (smaller than 70-count) in all
months of the study. High concentrations of small shrimp
(70-count) were found in September, November and Januarv
inside the sanctuarv. It should be pointed out that a lafge
proportion of the shrimp smaller than 70-count were also
found outside the sanctuary in the month of January.

The MISS VIRGINIA, a Chartered commercial shrimp vessel,
was allowed to commercially drag two nights per month in any
area they désired. 'In each of the six_months,-the MISS
VIRGINIA elected to drag inside thé sanctuary line. Their
Shrimp catches were large, rangina from a low of 6 1lbs/30-
min tow/net to a high of 34 l1bs/320~min tow/net (Roberts,
MS). In reviewinq the specific catches per tow, 6 of the 70
commercial tows averéged smaller than 70-count shrimp for
the six months of this study. Further, there were only 27
of 70 stations in which more than 50% of the catch was
smaller than 70-count shrimp. The count size of the catch
by the MISS VIRGINIA varied from 48 to 101, heads off.

This information provides a great deal of insight into
the mixture of both small and large shrimp inside the sanc-
tuarv area. It also provides a clear indication that high
catch rates can be expected inside the sanctuary, probably
because of the-rﬁstricted fishina. Outside the sanctuary,
fishina'in'all months appears to be relafiVelv poor except
for January; therefore, the delibérate fishing by the MISS
VIRGINIA inside the sanctuary was a result of knowledge
based on sampling as well as kﬁowledge of the fishery in
that the catch rates were considerably greater inside the
sanctuary, which wa$.Pr0teCted from all commercial fishing
‘during the study period. | |

The data collected from the survey studies and the com-
| mercial tows made by the MISS'VIRGINIA clearly indicate the
maijor portion of the shrimp biomass was located inside the



sanctuary and that shrimp smaller than 70-count were predo-
minantly found in this area, along with larger shrimp. The
sanctuary could effectively protect small shrimp from
September through February. However, few small shrimp were
found on the grounds in December and therefore, at least in
this month, the fishery was prevented from catching 70-count -
or larger shrimp inside the sanctuary when few small shrimp
were present.
Alternative Positions for the Sanctuary Line

The Gulf of Mexico Fishery Management Council and the

Management Advisorv Panel have suggested several alternate

positions for the sanctuary line. Obviously there are
numerous alternative positions for this line; however, we
have selected five options based on the GMFMC's recommen-
dations. These options are as follows: '
1. Extend the vertical shrimp line to Snipe Point and
eliminate the western sanctuarv line, called the
"boot"”,

2 . Move the horizontal line farther to the south some
3-4 nautical miles. -

3. Move the horizontal line farther to the north 3-4

nautical miles,

4. Leave the line as is.

5 . Seasonal closure.

Option 1: TIf the sahctuarv line were drawn vertically
to Snape Point, it would close only the eastern portion of
the present sanctuarv zone to commercial fishing. 1In
reviewing the basic information, most of the-shrimp from
stations in this eastern area were consistently small
throughout the study period. Moreovér, low catch rates were
experienced east 6f the sanctuarv line and this area
obviously servés as a nurserv, Costello et al. (MS) clearly
indicated that Florida Ray serves as a nursery area for

14



juvenile piﬁk shrimp. -Hewe#er, the preponderance of the
shrimp are moving out of that area westward within the sanc-
tuary. This option would permit fishing in the "hoot" area, -
which has been identified as an area which has large con-
centrations of small pink shrimp as well as large pink
shrimp. The concentration of shrimp is highest in this area
"as compared to all other areas on the Tortugas qrounde.

This option would likely eonsiderablv increase fishing
intensitv on small shrimp.

OEtien 2: Move the horizontal sanctuary line farther to
the south approximately 3—{ miles. This would virtually
eliminate all protection for tﬁe "hoot" area because 1f the
line was moved that degree,lit would be almost on a parallel
line to the reef areas where trawling is not pessible.

- Option 3: Move the horiZontal line farther to the north
- 3-4 miles., This probably would protect a few more small
shrimp, but it would also eliminate.fiehing on the large
shrimp which are also found in this area and would con-
- siderably minimize the fishable bottom on the Tortugas
grounds. | |

OEtion'd: L.eave the line aE is. T™his option has been
thoroughly reviewed in the data presented in this report and
reports by Roberts (MS) and Klima et al. (MS).

OEtion 53 Seasonal.clesure. The data presented so far
indicates that the months of September, November and Januarv
are key months in terms of protecting small pink shrimp on
the Tortugas grounds. Very few small_pink shrimp were found
within the sanctuary area in December and little protection
is afforded to the small shrimp populatien'by.the sanctuarv
during this month, A flexible open season could be con-
sidered if an adequate monitofinq program could be
established to determine when few small shrimp are inside
the sanctuary. At such times, the sanctuary could be open

15



to fishing either for a fixed period of time or until the
monitoring program determined that small shrimp were abun-.
dant in the sanctuary. '

Recommendations _

Option 4 or 5 appears to be the moét realistic recommen-
dation at this_time; However, because 1981 was very dif-
ferent from all other years in the fishery, we recommend
that no action be taken at this time but that, after
reviewing the data at a 1ater'date when a full year's data
is availahle, serious consideration be.qiven to selecting
months when the sanctuary area could be open to fishing if

it poses no threat to protecting small juvenile shrimp on
the grounds.

16
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APPFNDIX R
COST SUMMARY

Data collection and research directed to the Tortuqas'sanc-_
tuarv closure study were carried out by thé Southeast
Fisheries Center using funds in its FYR2 base budget and
funds supplied by the Gulf of Mexico Fishervy Management
Council. The following summary identifies the amounts and
uses of the funds spent. '

Item | | Total Cost
1. Collection of resource survey data:
Sept 1981 -Feb 1982
Labor: $74.2K
Other costs: 88.8K | S163.K

2. Analysis of catch and effort data:
Labor: $10 .6K
Other costs: 4,2K | ~$ 14.8K

3. Collection and management of catch
and effort data (TIMS) (May-Dec)
. Labor: ' $64 1K
Other costs: 28,4K 8102 ,58K

4, Preparation of reports:

Labor: S 1.7K

Other costs: 0.5K | | $ 2.2K
5. Total costs: | |

GMFMC : $163.3K

" SEFC: - 119.,.5K S2R2 .8K
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Table 1. Mean CPUE (1b/30-min tow/1 net,Theads on) of pink
shrimp from stations inside and outside the
Tortugas closure study. Calculations are hased on

A6 tows (2/station) from which length measurements

were taken,

Table 2. Measure of relative abundance inside the'Tartuqas
sanctuarv in Area A (west of the vertical closure
line) and Area B (east of the vertical closure '
line) and outside the sanctuary (column 1, the
number of stations with 8 1b/30-min tow for 1 net
over the total number of stations and column 2,
the number in parentheses is the number of sta-
tions having the maximum catch per 30-min tow/net.

Table 3. Number of stations sampled for pink shrimp
' according to average size'group.(<103-mm TL and
2103 mm TL) and location (inside or outside the
sanctuary area).

mable 4. Percentage of pink shrimp <103 mm TL and 3103 mm
TL occurring at sampling stations inside and out-
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Table 5. The relative ahbundance in percent of pink shrimp
| found inside and outside the sanctuary bhased on
the total population of shrimp taken at all
- sampling stations combined (except for stations FII
and F2). The-shrimp are divided-aedardinq to
total length €103 mm'and-3103 mm.
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Table 1. Mean CPUE (1b/30-min tow/l'net, heads on) of pink

shrimp from stations inside and outside the

Tortuan'c105ure study area. Calculations are
based on 46 tows {(2/station) from which lenqgth

measurements were taken.
STD '= Standard deviation.

CRUISE
'September 1981
' CPUE
STD

- Octobher 1981

CPUE

STD
November 1981
CPUE

STD

December 1981

- CPUE

STD

' January 1982
CPUE
STD

February 1982
- CPUE
S7D

INSIDE

19.96

15.52

11,03

R.06

23,92

- 20.96

19,25

8,60

30.43

15,51

S 17.25
9,75

*2 tows were missing.

OUTSIDE

a.,25

4,95

&.40

S.65

10.16
.26

9.92%

6.69

15.86
19,17

.81

a.82

COMBINED

14 .84
12.88

8.82
7.7

17 .32

- 11.36

14,68%
19,26

23.46

14,79

13.58
.90



Table 2. Measure of relative abundance inside the Tortuaas sanctuarv in Area A

(west of the vertical closure line) and Area R (east of the vertlcal

closure line) and outside the sanctuary (column 1, the number of sta-
tions with 8 1h/30-min tow for 1 net over the total number of stations

'ahd column 2, the number in parentheses is the humber of stations

hav1nq the maximum catch per 20N-min tow/net.

Inside sactuary area

_Outside sactuary area

Area A Area R |
Month (1) (2) (1) (2) (1) (2)
‘September 8/9  (2) 40 lbs  1/1 -- 5 /11 --
October  6/10 (2) 20 lbs  3/3 -- /11 (1) 20 lbs
November 9/10  (A) 24 1bs 2/2 (2) 24 1bs A/11 (1) 24 1bs
December 9/10  (3) 27 1bs 1/2 (1) 27 1bs 4/9 _ -—
January 10/10  (9) 21 1bs 1/3 - R/11 (4) 21 1bs
February Q9 (2) .30 1bs 1/2 (1) 30 1bs 2/11 -

Column 1 gives the number of stations with »8 1b/30-min tow for one net (net
before slash) and the total number of stations sampled (number after slash).

Column 2 gives the number (in parentheses) of stations havina a catch/30-min

tow/net as larqe as or larger than the given value.



Table 3. Number of stations sampled for pink shrimp according to average
| size qroup (€103 mm TL and 2103 mm TL) and location (inside or
outside the sanctuary area).

Total No,

o | - | - | Stations

Month Average size (103 mm TL_ Average size 2103 mm TL Sampled
| | Inside Qutside ‘Inside Outside D
September X X | X X o - 21
OctOber._' X | | X X ' X 23
November X | X X X 23
‘December ' ' X X 21

January X X X X 23

'February X X X X 23




Table 4, Percentage of pink shrimp €103 mm L and 3103 mm "L
occurring at sampling stations inside and outside the
sanctuary and combined bv month,

Inside ~ Outside Combined

- Month Percent  Percent Percent Percent Percent  Percent

€103 103 €103 PADK! €103 2103
September = 68 32 37 A3 50 a1
October =~ &0 .50 Y 66 44 5§
November 51 49 45 - 55 A8 52
December 2 72 23 77 26 74
January 62 38 68 32 64 36

February 55 a5 56 72 55 A5




'Month

_Septembér-

October

November

| Decembef
_JanuarY-_
February

The relative abundance in percent of pink shfimp foUnd_
inside and outside the Sanctuary hased on the total popula-
tion of shrimp taken-at all sampling stations combined
(except for stations Fl1 and F2). The shrimp are divided
according to total lenath €103 mm and 3103 mm .

Inside. | . Outside Combined
Percent Percent Percent Percent Percent Percent
anl 3103 €103 3103 €103 2103
4R 23 11 18 89 41
17 3 12 23 a8 56
36 3 12 1s  ar 52
19 50 7 24 26 74
a1 28 23 1 64 36
a0 13 15 12 85 - as



Table 6., Percent of the pink shrimp population €103 mm TL occurring
inside . the sanctuarv, and percent of the population 3103 mm

TL, occurring inside the sanctuarv.

Perbent | Percent
Month €103 mm TL 2103 mm TL
September 32 56
October 73 59
November ' 75 B A |
December -~ | 72 - 67
January N 70

February " 72 _' 73
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Fishing effort in thousands of days fished in
statistical subareas 1, 2 and 3 by vear from
1060-1070 ‘and 1981 (solid line is average effort
and hroken line is one standard deviation).
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Figure 9, Catch per unit effort from 1960-1979 and 1981 in
statistical subareas 1, 2 and 2 (s0lid line is
average, broken line is one stahdard deviation).
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