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Abstract 

 Recent studies have shown that fishing can influence marine trophic networks, as larger, 

higher trophic level species are preferentially targeted by fishers. In this study, we investigate US 

Pelagic Longline catch dynamics of twenty-nine Atlantic species from 1986 to 2008 using 

information provided by the fishermen’s logbook data program. Two different analyses were 

performed on the data for this study. Data were cleaned and monthly catch per unit effort 

(CPUE) for each species within each of five fishing effort regions – the Mid Atlantic Bight and 

Northeast Costal area, The Caribbean area, the Florida East Coast and South Atlantic Bight area, 

the Gulf of Mexico area, and the Northeast Distant area – were calculated to examine trends in 

catch rates. Annual CPUE graphs were made for all areas combined, correcting for changes in 

fishing dynamics to examine changes in relative abundance of species over time. A regression 

was run through these annual graphs of CPUE over the study period in order to estimate 

increases or decreases in relative population abundance for each species. The slopes from these 

annual abundances regressions were further regressed versus trophic level, average generation 

length, and resiliency to test for significant correlations between these ecological factors and 

trends in population size. Though trends matched our predictions (species with higher trophic 

level, lower resiliency, and longer generation length showed greater declines in abundance), no 

significant p-values were found. It seems likely that ecosystem structural shifts similar to those 

seen in other recent studies are occurring, but the lack of significance makes it difficult to draw 

strong conclusions. The lack of significance between ecological factors and population trends 

observed in this study may be due to trophic shifts in fishing are not occurring or may be due to 

issues with the data used for regressions. Future studies using different methods of obtaining 



demographic factors and incorporating additional years of catch data could bring more clarity to 

this work.  

 
Introduction/Background 
 

Pelagic longlining involves the use of a lengthy main line with individual hanging off 

multiple branch lines with the intent of capturing large, free-swimming ocean fish. Longlining 

occurs worldwide as a method to capture species such as tunas, sharks, and swordfish. Pelagic 

longline fishing off of the east coast of the United States began in the 1960s, with a focus on 

highly migratory species (HMS) (NOAA6). The primary targets of the U.S. Atlantic pelagic 

longline fishery are swordfish, yellowfin tuna, and bigeye tuna, while the secondary targets are 

dolphinfish, albacore tuna, pelagic sharks, and some larger coastal sharks (NOAA 2006). This 

US pelagic longline fishing fleet consists of five primary regions based on location and species – 

the Gulf of Mexico area focusing on yellowfin tuna, the South Atlantic-Florida East Coast to 

Cape Hatteras area focusing on swordfish, the Mid-Atlantic and New England area focusing on 

swordfish and bigeye tuna, the U.S. distant water area focusing on swordfish, and the Caribbean 

Sea focusing on swordfish and various tunas (NOAA2, NOAA 2006). Though vessels typically 

stick to one primary area, they may fish in more than one segment during a given year, as fishing 

can be seasonal among areas.   

In its initial years, the U.S. Atlantic operation grew into a larger, prosperous economic sector. 

As growth and fishing effort increased, so did fishing pressure on Atlantic fish populations, so 

much so that various regulations have been put in place since the fishery’s establishment. These 

protection measurements and alterations have come about as part of an effort to both decrease 

bycatch within the fishery and to prevent overfishing of any one species. Pelagic fisheries 

catches as a whole grew four to eight percent in their first decade, but growth has been more 



stagnant since the 1980s as regulations increased and the effects of overfishing began to manifest 

themselves (Christensen et al. 1995, Pauly et al. 2005). In the 1990s, the UN’s Food and 

Agriculture Organization (FAO) stated that the majority of the fish stocks it monitors were 

“overfished or recovering from overfishing” (Christensen et al. 1995). As part of a response to 

overfishing, scientists began to investigate the changing dynamics of fishery catches, finding that 

increased fishing pressures over the past fifty years and anthropologically-induced habitat 

degradation have together created visible effects on marine communities and ecosystems across 

the world’s oceans (Navia et al. 2012).  

Recent studies have observed changes in tophic level dynamics of Pacific pelagic fish 

species, specifically those captured by the Hawaii-based longline fishery (Polovina et al. 2009, 

Navia et al. 2012). Polovina et al. (2009) investigated catch dynamics for thirteen species 

captured most often by the Hawaii-based pelagic longline fishery from 1996 to 2006 using 

logbook and observer data. Their findings indicated an overall decline in mean trophic level of 

species caught – moving from an initial 3.85 to 3.66, suggesting a possible resulting ecosystem 

shift in the Pacific due to declines in populations of the ocean’s top trophic predators. 

Disruptions in these species’ population structure could bring about cascading effects via top-

down controls within entire ecosystems, alluding to the importance of these results (Navia et al. 

2012). Though several reports have been created concerning the changing catch dynamics of 

fisheries in the Pacific Ocean, a comparable lack of investigation exists in this field for the 

Atlantic Ocean. Therefore, this study aims to undertake similar methods used in Polovina et al. 

(2009), to examine catch dynamics in the Atlantic Ocean over a twenty-two-year period to 

attempt to observe shifts in community structure in this pelagic ecosystem.  



Though the U.S. Atlantic pelagic longline fishery only constitutes about five to eight percent 

of the total hooks in the world’s oceans, it provides a crucial supply of food to the U.S. seafood 

market (NOAA1). Additionally, it fishes in various areas along the entire length of the U.S. East 

coast. Its breadth of geographic range within the Atlantic suggests that if ecological changes 

were occurring within populations of large, migratory Atlantic fishes, they would likely be 

reflected in the catch numbers reported by this fishery. Here, we assess the possibility of these 

changes based on numbers reported by the fishery from June of 1986 to December of 2008, in 

the five primary segments of the Atlantic fishery with the aim to answer the question: ‘Do trends 

in the U.S. Atlantic Pelagic Longline Fishery’s catch data from 1986 to 2008 exhibit fluctuations 

in catch demographics, specifically shifts which may have larger implications for fish 

populations and ecosystem structure as a whole?’ We predict that higher trophic level and longer 

generation length species will exhibit more decreasing trends overall, while lower trophic level 

and shorter generation length species will exhibit more increasing trends overall, signifying a 

shift in the ecosystem demographics. Further, we believe that random forest analysis will 

confirm that trends seen in the data are not based on other factors, but can instead be linked to 

species population numbers.  

 

 

 
 
 
 
 
 
 
 
 



 
 
 
Materials and Methods 
 
 A comprehensive summary of all reported fishery catch data from June of 1986 to 

December of 2008 was obtained from the U.S. Atlantic pelagic longline fishery’s fishermen’s 

logbook program (NOAA 2005). This program was implemented in 1986 as part of an effort to 

monitor swordfish catches (Navia et al. 2012). However, the program began as a voluntary one, 

and only became mandatory in 1992, though there is still a sizable amount of data present in the 

logbooks from 1986 to 1992 (Diaz and Ortiz 2007). In 1993, an observer program also began in 

the fishery, in order to increase data validity; however, for this paper, logbook data was chosen 

over observer data, as the observer data looks at less than 20% of ships in the fishery and was 

only compiled for a twelve-year period rather than a twenty-two-year period (Navia et al. 2012). 

Data recorded by fishers about individual catch sets includes latitude and longitude, set depth, 

numbers and types of species caught, hook numbers, date, bait type used, intended target species, 

etc. To ensure the reliability and usefulness of the data, it was cleaned to remove any columns 

and rows with missing or obviously erroneous necessary data points. Initially, the data was 

placed in a format that was easily readable and allowed for sorting based on various columns in 

Microsoft Excel. Two analyses were performed on the data – one in Microsoft Excel with 

monthly Catch Per Unit Effort (CPUE) graphs and one in Matlab with annual CPUE graphs. A 

CPUE (Catch Per Unit Effort) approach was chosen because it has been suggested as a method 

of indirectly measuring species abundance, especially when CPUE numbers are standardized 

(Diaz and Ortiz 2007).  

First, the dataset was sorted based on latitude and longitude. Any row with missing points 

for degrees of latitude or longitude was deleted, as were rows for which degrees and minutes of 



both latitude and longitude were all equal to 0. This was done because catches later needed to be 

sorted based on which section of the ocean they were set in. The data were then sorted based on 

the total number of hooks set. This number is typically no lower than 100, so rows with a total 

number of set hooks fewer than 100 were removed. Rows with no reported number of set hooks 

were also removed, as this number is necessary for CPUE analysis. Rows with missing data for 

the number of hooks set between each float on a line were also removed. Next, data were sorted 

based on first floatline, then gangion length, and any rows missing either of these numbers were 

removed from the dataset, as set depth was needed for later analysis. After missing data points 

were removed, the sum of each column was taken, and numbers for all three columns for any 

given species – kept, discarded dead, and discarded alive – that were significantly lower than 

those for most other species, i.e. less than around 2000 – 3000 for the total twenty-two years, 

were removed. This was done as species that were infrequently encountered by the fishery did 

not provide reliable indications of trends in population size. One species entitled ‘hammerhead’ 

was also removed from the dataset, as there was no indication as to which specific species of 

hammerhead this data referred to, and trophic levels etc vary between individual species. Lastly, 

non-fish species – namely turtles – were also removed, narrowing the final number of species 

from forty-six to a more manageable twenty-nine, most of which were tunas and sharks, along 

with some billfishes.  

 Before continuing with the dataset, the latitudinal and longitudinal limits of the various 

areas of the Atlantic that the fishery produces its catch from were procured from a map of the 

fishery’s area of business (NOAA6). This was done because different sections target different 

species, and more accurate monthly time-series CPUEs would be obtained if the catches were 

sorted into their respective areas. After obtaining coordinates from the map, the geographical 



locations of catches were then divided into five useful segments for this study: Gulf of Mexico 

[GOM], Mid Atlantic Bight and Northeast Coastal [MAB+NEC], Caribbean [CAR], Northeast 

Distant [NED], and Florida East Coast and South Atlantic Bight [FEC+SAB]. From the NOAA 

map, GOM was defined as 18-30 degrees North, 82 – 98 degrees West, MAB+NEC was defined 

as 35 – 55 degrees North, 60 – 78 degrees West, CAR was defined as 10 – 22 degrees North, 60 

– 92 degrees West, NED was defined as 35 – 55 degrees Noth, 0 – 60 degrees West, and 

FEC+SAB was defined as 22 – 35 degrees North, 71 – 82 degrees West. The dataset was then 

sorted into these separate areas based on latitude and longitude information for each set. For set 

data points that fell on boundaries between two sectors (e.g. 35N, 60W), the set was placed into 

the area with lower boundaries, to ensure consistency in sorting. Lastly, set points whose 

longitude and latitude placed them significantly outside of any of the five categories of interest 

were deleted, as they were likely either incorrectly entered into the logbooks or belonged to less 

concentrated fishing areas that were not used for this study. 

Once placed into their respective categories, the rows within each catch area were then 

sorted based on date and separated into monthly intervals for the entire time period. Initially, 

simple CPUE time-series graphs were created in Excel in order to look for visible temporal trend 

lines in the data. Within each area grouping, monthly sums were taken for all three columns – 

kept, discarded alive, and discarded dead – for each species, as well as for the total number of 

hooks set during each monthly period. For each species, the three catch column sums were added 

together and divided by the total number of hooks set that month. To make CPUE numbers 

easier to read on a graph, the CPUE monthly output was multiplied by one thousand before 

graphs were made. Thus, final CPUE equals (total number of x species caught divided by total 

number of hooks set) times one thousand, or one thousand times the number of x species caught 



per hook set. Each of these monthly CPUE numbers was graphed against time, and observations 

of catch trends were noted for each species. CPUE graphs within each sector were defined as 

showing increasing trends, showing decreasing trends, or having trends that were difficult to 

determine visually. Additionally, if within a sector, a species was caught on five or fewer total 

sets, a graph was not made, as there was inadequate data for determining trends based on so few 

total sets.  

 After observing trends in the data and comparing them to known species-wide temporal 

and population trends, a new Excel spreadsheet was created for the use of data analysis in 

Matlab. One sheet was made for each fishing region, and within each sheet columns were created 

for species names, species generation length, species trophic level, and species resiliency. Next 

to these columns, a column for each calculated monthly CPUE number was created for each 

separate month. Generation length was procured from the IUCN Red List website, while trophic 

level and resiliency (either high, medium, low, or very low, based on estimates for minimum 

population doubling time) data were obtained from the FishBase website (see Table 1) (IIUCN, 

Fishbase).  

 

 

 

 

 

 

 

 



 

Species’ (Common) 
Name 

Generation Length Trophic Level Resiliency 

Swordfish 6.5 years 4.5 ± 0.2 Medium 
Yellowfin Tuna 2.2 – 3.5 years 4.4 ± 0.4 Medium 
Bluefin Tuna 7 – 13 years 4.5 ± 0.8 Low 
Scalloped 
Hammerhead Shark 

More than 15 years 4.1 ± 0.5  Low 

Smooth Hammerhead 
Shark 

22 years 4.9 ± 0.9  Low 

Sailfish 4.3 years 4.5 ± 0.3  Low 
Bigeye Tuna 4 – 5 years 4.5 Medium 
Albacore Tuna 6 – 7 years 4.3 ± 0.2 Medium 
Blackfin Tuna Not listed 4.4 ± 0.3 Medium 
Dolphinfish Not listed 4.4 High 
Wahoo 3 – 5 years 4.3 ± 0.2 Medium 
King Mackerel 9 years 4.4 ± 0.3 Low 
Escolar Not listed 4.3 ± 0.67 Low 
Skipjack Tuna Not listed 4.4 ± 0.5 Medium 
Blue Shark 9 – 10 years 4.4 ± 0.2 Very Low 
Common Thresher 
Shark 

8 – 14 years 4.5 Very Low 

Blacktip Shark Not listed 4.4 ± 0.4 Low 
Dusky Shark More than 13 years 4.3 ± 0.2 Very Low 
Night Shark 11 – 12 years 4.6 Very Low 
Oceanic Whitetip 
Shark 

10 years 4.2 ± 0.4 Very Low 

Silky Shark 15 years 4.5 Very Low 
Bigeye Thresher 
Shark 

14 years 4.5 Low 

White Shark 23 years 4.5 ± 0.4 Very Low 
Tiger Shark Not listed 4.5 Very Low 
Sandbar Shark 23 years 4.5 Very Low 
Shortfin Mako Shark 25 years 4.5 Very Low 
Longfin Mako Shark Not listed Not listed Not listed 
White Marlin 4.5 – 6.5 years 4.5 ± 0.4 Medium 
Blue Marlin 4.5 – 6 years 4.5 ± 0.3 Medium 

 

 Table 1. Trophic levels (via Fishbase), generation lengths (via IUCN), and resiliencies 
(via Fishbase) used for analysis of CPUE results and comparisons between species. Resiliencies 
in Fishbase were based off of the website’s listed minimum population doubling times, where 



high equals fewer than 1.4 years, medium equals 1.4 to 4.4 years, low equals 4.5 to 14 years, and 
very low equals more than 14 years.  

 

In Matlab, a random forests analysis model was performed to correct and standardize 

CPUE data for factors such as changes in set depth made in the fishery. This was done to ensure 

to the best of our ability that increasing or decreasing trends were not being caused by factors 

other than simple population abundance changes (Diaz and Ortiz 2007). This model was built 

based on the factors of region, set depth, lightsticks, bait type, hooks between floats, and month. 

Gangion and floatline lengths were added together to determine set depth, as a set will be deeper 

if certain species are being targeted. Lightsticks are typically used when swordfish or other 

deeper-dwelling species are being targeted, and different bait types are meant to target different 

species. Hooks between floats were incorporated as an additional way to help determine set 

depth, as this gives an idea of how much sag is in a set line. By incorporating month and area 

into our model, we were able to create one annual CPUE graph for the entirety of the fishing 

areas for each species. Region, lightsticks, and bait type were used as categorical variables in 

analysis, while set depth, bait type, hooks between floats, and month were continuous variables.  

 Unlike Polovina, Navia, and others, we chose to use a random forests analysis rather than 

a generalized linear/additive model in order to make fewer assumptions about the data. GLM and 

GAM models, while useful, assume normally distributed data or normally distributed 

manipulated data, and our data was heavily skewed, with 0’s for most individual catches for 

most species and large numbers of catches in other individual sets. In building this model, we 

looked at multiple decision trees based on each factor being tested and were given an output of 

annual CPUE numbers for each species. Species that had zero catches for a given year were not 

incorporated into Matlab annual analyses, as a total catch of zero for any species over a year’s 



time seemed unlikely (though they were included in the monthly time-series graphs due to 

seasonality of species catches).  

 These numbers were then moved to Excel where they were set to the same scale to make 

comparisons of trends between species easier. To do this, the highest annual CPUE for all 

reported numbers was found – this number was 21.2678336 and belonged to swordfish. Next, the 

highest annual CPUE output for each individual species was divided by this high swordfish 

CPUE number, yielding the relative ratio between that species and swordfish. This number was 

then divided into each CPUE output for each species. For example, for bigeye tuna: 

2.8776077 was the maximum CPUE for Bigeye Tuna 

2.8776077 divided by 21.2678336 equals 0.13523131 

Each CPUE number for bigeye tuna was then divided by 0.13423131, making the 

maximum for any one species the same as the maximum for Swordfish. 

These scaled numbers were then graphed against year, and a linear regression equation 

was added to each of these standardized, scaled CPUE graphs. Increasing and decreasing slopes 

of these equations were noted, as they indicate [indirect] trends in population abundance, since 

the data had been standardized for other factors. The slope of each trendline was then used to run 

a linear regression in StatPlus of species’ CPUE slopes versus species’ trophic levels, 

resiliencies, and generation lengths. These regressions were only run for species with reported 

trophic level/resiliency/average generation length on FishBase and IUCN, resulting in twenty-

eight points on the trophic level and resiliency graphs and twenty-two points on the generation 

length graph. For its regression, resiliency was set to a numerical scale, where one equals very 

low resiliency, two equals low resiliency, three equals medium resiliency, and four equals high 

resiliency. Generation lengths in IUCN were generally listed as a range, so the average of each of 



these ranges was used for this regression. These regressions were then examined for significant 

p-values.    

 Additionally, ArcGIS was used to create a map of each set using respective longitudes 

and latitudes. In all, there were 271,987 sets used for this study after the data was thoroughly 

cleaned in Excel, but the original number of sets with accurate longitudes and latitudes listed – 

closer to 290,000 – was used for the map to show the entire extent of the fishery and to exhibit 

that the chosen areas for this study have more concentrated fishing effort in them than others. For 

the GIS map, fishing effort was aggregated based on number of hooks in each set to show areas 

of high and low effort within each of the five regions of interest. 

 

Figure 1. Map of aggregated fishing effort by the U.S. Atlantic Pelagic Longline Fishery from 
1986 to 2008, with outlines indicating different fishing target areas. 



Results 

CPUE Monthly Time-Series Graphs 

Initial CPUE graphs (see Appendix A for all 129 graphs) showed both increasing and 

decreasing trends amongst species. Though some species did not have enough catch information 

in certain areas to make graphs, all five areas had enough data points to make at least eighteen 

CPUE graphs. In the Caribbean sector, twenty-four graphs were able to be made, with king 

mackerel, scalloped hammerhead shark, smooth hammerhead shark, and night shark lacking 

adequate data. In the Mid-Atlantic Bight and Northeast Coastal sector, twenty-eight graphs were 

made, with oceanic whitetip shark missing adequate data. In the Florida East Coast and South 

Atlantic Bight sector and in the Gulf of Mexico sector, all twenty-nine species had adequate data 

for CPUE graphs. The Northeast Distant sector had the least amount of data, with eleven species 

– king mackerel, skipjack tuna, scalloped hammerhead shark, dusky shark, smooth hammerhead 

shark, oceanic whitetip shark, silky shark, sailfish, sandbar shark, white shark, and night shark 

missing adequate data for CPUE analysis.   

Between all five areas, four species consistently showed visibly decreasing trends – 

Swordfish, Blue Shark, Blacktip Shark, and Longfin Mako Shark (see Figures 2a-d). Some 

species also showed consistent trends amongst the areas for which CPUE graphs could be made, 

even though they did not have adequate data for all four areas. These were King Mackerel (three 

areas), Dusky Shark (four areas), Scalloped Hammerhead Shark (three areas), Smooth 

Hammerhead Shark (three areas), Oceanic Whitetip Shark (three areas), White Shark (four 

areas), Sandbar Shark (four areas), and Sailfish (four areas), all of which showed decreasing 

trends across sectors. No species showed consistent increasing trends across all four areas.  
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Figure 2a. Swordfish monthly time-series CPUE graphs for all five regions, in which all trends 

show decreases in Swordfish catch. 
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Figure 2b. Blue Shark monthly time-series CPUE graphs for all five regions, in which all trends 

show decreases in Blue Shark catch. 
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Figure 2c. Blacktip Shark monthly time-series CPUE graphs for all five regions, in which all 

trends show decreases in Blacktip Shark catch. 
 
 
 

0
2
4
6
8

10
12
14
16

Se
p-

86
Se

p-
87

Se
p-

88
Se

p-
89

Se
p-

90
Se

p-
91

Se
p-

92
Se

p-
93

Se
p-

94
Se

p-
95

Se
p-

96
Se

p-
97

Se
p-

98
Se

p-
99

Se
p-

00
Se

p-
01

Se
p-

02
Se

p-
03

Se
p-

04
Se

p-
05

Se
p-

06
Se

p-
07

Se
p-

08M
on

th
ly

 C
PU

E*
10

00

Time (Months)

Blacktip Shark CPUE - GOM

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6

O
ct

-8
6

O
ct

-8
7

O
ct

-8
8

O
ct

-8
9

O
ct

-9
0

O
ct

-9
1

O
ct

-9
2

O
ct

-9
3

O
ct

-9
4

O
ct

-9
5

O
ct

-9
6

O
ct

-9
7

O
ct

-9
8

O
ct

-9
9

O
ct

-0
0

O
ct

-0
1

O
ct

-0
2

O
ct

-0
3

O
ct

-0
4

O
ct

-0
5

O
ct

-0
6

O
ct

-0
7

O
ct

-0
8M

on
th

ly
 C

PU
E*

10
00

Time (Months)

Blacktip Shark CPUE - NED



0
1
2
3
4
5
6
7
8

Ju
n-

86
M

ay
-8

7
A

pr
-8

8
M

ar
-8

9
Fe

b-
90

Ja
n-

91
D

ec
-9

1
N

ov
-9

2
O

ct
-9

3
Se

p-
94

A
ug

-9
5

Ju
l-9

6
Ju

n-
97

M
ay

-9
8

A
pr

-9
9

M
ar

-0
0

Fe
b-

01
Ja

n-
02

D
ec

-0
2

N
ov

-0
3

O
ct

-0
4

Se
p-

05
A

ug
-0

6
Ju

l-0
7

Ju
n-

08M
on

th
ly

 C
PU

E*
10

00

Time (Months)

Longfin Mako Shark CPUE - MAB+NEC

0
0.2
0.4
0.6
0.8

1
1.2
1.4

O
ct

-8
6

O
ct

-8
7

O
ct

-8
8

O
ct

-8
9

O
ct

-9
0

O
ct

-9
1

O
ct

-9
2

O
ct

-9
3

O
ct

-9
4

O
ct

-9
5

O
ct

-9
6

O
ct

-9
7

O
ct

-9
8

O
ct

-9
9

O
ct

-0
0

O
ct

-0
1

O
ct

-0
2

O
ct

-0
3

O
ct

-0
4

O
ct

-0
5

O
ct

-0
6

O
ct

-0
7

O
ct

-0
8M

on
th

ly
 C

PU
E*

10
00

Time (Months)

Longfin Mako Shark CPUE - CAR

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

Se
p-

86
Se

p-
87

Se
p-

88
Se

p-
89

Se
p-

90
Se

p-
91

Se
p-

92
Se

p-
93

Se
p-

94
Se

p-
95

Se
p-

96
Se

p-
97

Se
p-

98
Se

p-
99

Se
p-

00
Se

p-
01

Se
p-

02
Se

p-
03

Se
p-

04
Se

p-
05

Se
p-

06
Se

p-
07

Se
p-

08M
on

th
ly

 C
PU

E*
10

00

Time (Months)

Longfin Mako Shark CPUE - FEC+SAB



 
Figure 2d. Longfin Mako Shark monthly time-series CPUE graphs for all five regions, in which 

all trends show decreases in Longfin Mako Shark catch. 
  

Escolar, blackfin tuna, and common thresher sharks showed decreasing trends in all areas 

except one – escolar and blackfin tuna catch trends were ambiguous in the Gulf of Mexico 

region, while common thresher shark trends were ambiguous in the Northeast Distant sector. Out 

of the three areas with adequate data for CPUE graphs, two showed decreasing trends in night 

shark catch, while one showed ambiguous trends. White marlin and blue marlin both showed 

clear decreasing trends in all areas except the Caribbean, in which the catch trends for both 

species were ambiguous. Bluefin tuna showed decreasing trends in three areas and showed recent 

increasing trends in two areas. Bigeye tuna catch showed decreasing trends in three areas, 
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increasing trends in one area, and ambiguous trends in one area. Bigeye thresher shark catch 

showed ambiguous trends in two areas and decreasing trends in three areas. Tiger Shark catch 

showed high variation among areas, with three areas showing decreasing trends, one showing 

increasing trends, and one showing ambiguous trends. Dolphinfish (Mahi Mahi) also had varying 

catch trends, with two areas showing decreasing trends, two showing increasing trends, and one 

showing ambiguous trends. Yellowfin tuna showed decreasing trends in three areas and 

ambiguous trends in the other two areas. Albacore tuna catch decreased in two areas, was 

ambiguous in two areas, and increased in one area. Wahoo trends were ambiguous in three areas 

and decreasing in two areas. Skipjack tuna trends were decreasing in two areas, increasing in one 

area, and ambiguous in one area. Silky shark trends were ambiguous in three areas and 

decreasing in one area. Lastly, shortfin mako shark trends were decreasing in three areas and 

ambiguous in one area. It should also be noted that for the majority of shark species, catch 

recordings in the logbook data did not seem to have started until the early 1990s. This may be 

due to the lack of mandatory enforcement prior to 1992, as many shark species are often bycatch 

that is sold to Asian markets rather than targeted species for the American market such as tunas 

and billfish.  

 

 

 

 

 

 

 



Standardized and Scaled CPUE Graphs 

Standardized annual CPUE graphs showed trends that better supported the hypothesis. 

Eight total species – albacore tuna, blackfin tuna, dolphinfish, wahoo, escolar, skipjack tuna, 

tiger shark, and shortfin mako shark – showed increasing trends, while the remaining twenty-one 

showed decreasing trends (See Appendix B for all twenty-nine graphs). Some CPUE abundance 

slopes were steeper than others, with negative slopes ranging from -1.777 (smooth hammerhead) 

to -0.1207 (bluefin tuna) and positive slopes ranging from 0.0578 (blackfin tuna) to 0.6702 

(escolar). The majority of species that were increasing were lower trophic level species, aside 

from shortfin mako shark and tiger shark. R-squared values for these graphs also varied, with a 

range of 0.0123 (blackfin tuna) to 0.88087 (blue marlin).  
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Figure 3a-b. Two examples of annual CPUE output graphs – one increasing (Common Thresher 
Shark), and one decreasing (Dolphinfish). These graphs have been corrected for other factors 

that could be influencing fishing catch, making them better to compare to population abundances 
than monthly time-series CPUEs were. 

 

Linear Regressions 

Due to trophic level, resiliency, and generation length restrictions, only twenty-eight 

slopes from annual CPUE graphs were able to be used for trophic level and resiliency 

regressions, while only twenty-two slopes were able to be used for the generation length 

regression. For the trophic level regression, the graph of trophic level (x) versus CPUE slope (y) 

produced a negative linear trendline. For the resiliency regression, the graph of resiliency (x) 

versus CPUE slope (y) produced a positive linear trendline. Lastly, for the generation length 

regression, the graph of average generation length (x) versus CPUE slope (y) produced a 

negative trendline. However, the p-values for all three regressions were not significant – they 

were 0.16712, 0.10728, and 0.33394, respectively. 
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Figure 4a-c. Linear regressions of species’ respective slopes versus respective trophic levels, 
resiliencies (scaled 1 to 4), and average generation lengths. These graphs were regressed in 

Statplus afterwards to check for statistical significance. 
 

   

Discussion 

 Overall, there were fewer increasing trends in monthly catch than was expected, as it was 

thought that lower trophic level species such as wahoo and escolar would exhibit increasing 

trends if lower trophic level populations were becoming more prevalent due to an increasing 

absence of higher trophic level organisms. However, the decreasing trends in the monthly CPUE 

data may still tell us something about Atlantic pelagic communities. The trophic levels of the 

four species with decreasing trends across all five regions were swordfish: 4.5 ± 0.2, blue shark: 

4.4 ± 0.2, blacktip shark: 4.4 ± 0.4, longfin mako shark: not listed on FishBase (see Table 1), 

although the trophic level for closely related shortfin mako sharks is 4.5. The resiliencies of these 
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four species, according to minimum population doubling times on Fishbase, are, respectively, 

medium, very low, low, and, again, not listed, but the resiliency of shortfin mako sharks is very 

low. Additionally, there were three species whose trends showed decreases in only two out of 

five areas: albacore tuna, wahoo, and dolphinfish, whose trophic levels are 4.3 ± 0.2, 4.3 ± 0.2, 

and 4.4, respectively. The resiliencies of these species are medium, medium, and high, with 

dolphinfish having the lowest listed minimum population doubling time of any of the twenty-

nine species in this study.  

 Additionally, there were eight species that also showed consistent trend directions 

between the areas for which they had adequate numbers of sets (see Appendix A). Of these, five 

had a generation length of at least ten years according to the IUCN, and all had a resiliency of at 

most “low” according to Fishbase, three of which had a resiliency of “very low”.  Thus, though 

the monthly time-series graphs show that the majority of species show decreasing trends, there is 

some evidence to suggest that species with higher trophic levels, lower resiliencies, and higher 

generation lengths (typically species that are considered apex predators or close to apex 

predators in an ecological community) exhibit decreasing trends to a larger and more severe 

extent. However, it is difficult to extrapolate from the trends seen in time-series graphs to 

population abundance trends due to other factors at play. For this reason, the standardized, 

scaled, annual CPUE graphs are even more important to analyze trends in, as the correction for 

catch factors in Matlab allows us, to the best of our ability, to make claims about population 

abundance via comparison to CPUE trends. 

 The trophic levels of species with increasing trends exhibited results that were more 

consistent with initial hypotheses, with all but two species with increasing trends having lower 

trophic levels such as 4.3. As these graphs are corrected for fish target factors, they are more 



likely to relate closely to actual changes in population abundance. This gives the impression that 

the higher trophic level species we are examining were decreasing in population numbers for this 

time period, while the majority of the lower trophic level species examined were increasing in 

population numbers during this time period. The results of the linear regressions also suggest this 

pattern in population abundances, as the trends in the three graphs suggest that higher trophic 

level/longer generation length/lower resiliency species are more likely to decrease in catch (and 

therefore population) numbers during the time period of this study. Though this does align with 

initially predicted trends, the lack of significant p-values makes definitively speaking upon 

possible changes in community structure as a whole difficult. These results suggest that the 

community structure of the Atlantic pelagic community off of the U.S. east coast may be shifting 

towards one that is more dominated by species that are not apex predators or more typical top-of-

the-food chain species, as many of these species are longer-living, larger, and less resilient, 

making them more susceptible to and less likely to recover from overfishing (Collette et al. 2011, 

Sadovy et al. 2003). However, without any significant p-values, it is difficult to be confident in 

this conclusion. It is possible, though, that changing some methodology used in this study would 

yield statistically significant results.   

 When comparing the results of this study to those found in Polivina et al.’s 2009 study, 

there were several limitations in place. Unfortunately, for the Atlantic study, we lacked the time 

and resources to determine trophic levels via an Ecopath with Ecoism (EwE) model as Polovina 

did, and though Fishbase had trophic levels listed for all but one of the examined species, the 

trophic levels were surprisingly similar between all species, with the majority of studied species’ 

trophic levels concentrating around 4.3 to 4.5, (though the range was 4.1 to 4.9), while the 

trophic levels from the previous study ranged fairly evenly from 3.2 to 4.0. Though Atlantic 



trophic levels were searched for in data from sources other than Fishbase, they could not all be 

found, and applying Pacific trophic levels to our Atlantic species would have made for 

inaccurate data. For this reason, we incorporated generation length and resiliency into our data 

analysis as well, though these also were not listed for all twenty-nine species on IUCN and 

Fishbase. It is quite likely that had we had the resources to perform an EwE model or perform 

isotopic sampling to predict our own trophic levels rather than relying on those listed on 

Fishbase, our results for trophic level regression may have been statistically significant.  

 This is because, for several of the species listed in Fishbase, comparisons to studies using 

different methodology to predict trophic levels showed differences between the trophic levels 

used in this study and the trophic levels found by other researchers. This is not entirely 

unexpected, as it was unlikely that a species such as dolphinfish would have the same trophic 

level as a species such as blue shark, or that two species belonging to the same genus, both 

Scalloped and Smooth Hammerhead Sharks, would have such differing trophic levels – 4.1 and 

4.9, the lowest and highest trophic positions used in this study.  

Additionally, trophic level predictions can vary vastly depending on methodology – one 

study of Atlantic shark trophic positions used stable nitrogen isotopes and diet to predict trophic 

levels, and the trophic outcome for each species in the study was different between the two 

different methodologies (Estrada et al. 2003). This study found the trophic levels (based on 

nitrogen-15 isotope levels) of blue sharks, shortfin mako sharks, and thresher sharks to be 3.8, 

4.0, and 4.5, respectively, while the predicted trophic levels of these species based on examined 

diets were found to be 4.1, 4.3, and 4.2, respectively (Estrada et al. 2003). These numbers show 

variation within the study results and between this study and the trophic levels listed on Fishbase. 

Another study by Estrada using stable isotope analysis predicted the trophic level of bluefin tuna 



to be 4.1, based on 15N tissue concentrations, differing by 0.4 from Fishbase’s listed 4.5 tophic 

position for this species, yet another study examining bluefin tuna’s trophic position found it to 

be 4.4 – 4.8 for fully-grown tunas based on carbon and nitrogen stable isotopes (Estrada et al. 

2004, Sarà et al. 2007). Despite the obvious shortcomings of using information from Fishbase for 

the linear regressions, it was decided that this was the best path for this time and resource-limited 

study, as it was important to have a consistent source for all trophic levels/resiliencies/generation 

lengths.  

It should be noted that other limitations in the data for this study exist as well. Though the 

logbook program is thought to be fairly accurate, and though the data was thoroughly cleaned 

before being manipulated and analyzed, the logbook program does ask fishers for a fair amount 

of information concerning each catch set, placing somewhat of a burden on them. Additionally, 

fishers must be adequately trained in identifying marine species, which could prove difficult 

when it comes to species of the same genus, such as shortfin versus longfin mako sharks. Though 

rough CPUE graphs were compared between the aggregated logbook data and observer data to 

show fairly consistent trends between the two, the years of each of these datasets are not the 

same, and a more in-depth comparison of the two sets could be useful in ensuring confidence in 

the accuracy of the logbook data. There is also the possibility that fishers did not always choose 

to accurately report catches for non-target species, though we thought inaccurate numbers like 

these could be avoided by not examining bycatch whose capture would incur fines for the 

fishers.  

Nonetheless, our results do indicate some likelihood that trends in Atlantic species over 

the study time period do align with many trends recently reported for marine species. Pauly has 

written extensively about the downward sloping trends seen in trophic food webs and fish 



catches – noting throughout his literature a shift in average global trophic level of fish caught, a 

decrease in other areas of the Atlantic from an average trophic position of captured species of 3.7 

to 2.8 and 3.6 to 3.4 from the 1960s to the 1990s, and the current and future global prevalence of 

fishing down the food web (Pauly et al. 1998, 200, 2003, 2005). Myers et al. (2003) also found in 

one study that coastal areas of global oceans were experiencing declines in large predator 

populations such as billfishes and tunas, with an estimated 90% of all large ocean predators 

having been removed. One concern addressed in other studies but not this one is also the decline 

in biomass and average body mass of marine species, rather than simply declines in overall 

abundance (Myers et al. 2003, Pauly et al. 2003, Ward et al. 2005). Lastly, studies in the Pacific, 

as they have been more prevalent than Atlantic-based ones, have found decreases in average 

trophic position caught by fishers, population abundance decreases in large pelagic predators, 

and biomass declines of large predators (Polovina et al. 2009, Ward et al. 2005). These shifts 

indicate the possibility of fishing pressures contributing to possible trophic ecosystem shifts and 

potential future trophic cascades. The results of our study may indicate similar conclusions, 

especially if our methodologies were to be modified to produce statistically significant results. 

The best modification of this study for future research is the use of EwE or stable isotope 

analysis to gain what is likely a more accurate depiction of trophic positions of the species being 

tested. More extensive comparisons to the observer program data could also be made to increase 

confidence in the fishermen’s logbook data. Additionally, one factor not incorporated into this 

study that could be contributing to changes in catch dynamics is time and area closures 

implemented more recently (i.e. since the 1990s) by the fishery. Due to constraints from 

regulation pressures and economic pressures, some regulations have been put in place (NOAA3, 

NOAA 2006, NOAA5). These regulatory measures could be causing overall downward shifts in 



catch in some parts of the fishery, which could be skewing our results. However, many of these 

regulations are not so stringent on an annual basis that they would have a severe impact on the 

overall productivity and catch rates of the fishery. Lastly, incorporating additional years of data, 

as the logbook program is ongoing, but data after 2008 was not yet compiled for the dataset used 

in this study, could increase the accuracy of trends and their application to modern sustainability 

and regulation approaches in fisheries.  

Conclusion 

 Global oceans experienced a fair amount of declines in their top predatory species in the 

1990s and early 2000s, likely due to increases in fishing pressures prior to this (Polovina et al. 

2009, Diaz and Ortiz 2007, Pauly et al. 2000, Pauly et al. 1998). This study looks at an area of 

the Atlantic without much previous research performed in it and concludes that similar trophic 

shifts to those seen in the Pacific could be occurring in areas off of the U.S. east coast. Though 

final analyses matched predicted trends, they were not statistically significant, but they likely 

could be with the use of better quality data and analytical methods that were not able to be 

performed in this study due to time, data, and resource constraints. Executing analyses like this 

one on fishery data is incredibly important not just for the health of global ecosystems, but for 

the future of human food security as well (Pauly et al. 2005). Fishing down the food web is an 

unideal situation, both for marine communities and for fishers who profit from them, and it is 

crucial that we investigate whether or not this is occurring in the more recent years of the U.S. 

pelagic longlining fishery of the Atlantic.   

 

 

 



 

 

 

 

Appendices  

Appendix A. Monthly Time-Series CPUE Graphs for all 5 Regions 
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Appendix B. Annual CPUE Graphs 
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