
 

Standardized indices of abundance for Atlantic sharpnose sharks from 
the University of North Carolina bottom longline survey 

 
F.J Schwartz, C.T. McCandless, and J. Hoey 

 
SEDAR34-WP-38 

 
16 July 2013 

 
 

 

 

 

 

 

 

This information is distributed solely for the purpose of pre-dissemination peer review.  It does 
not represent and should not be construed to represent any agency determination or policy.  



 
Please cite this document as: 
 
Schwartz, F.J., C.T. McCandless, and J. Hoey. 2013.  Standardized indices of abundance for Atlantic 
sharpnose sharks from the University of North Carolina bottom longline survey.  SEDAR34-WP-38. 
SEDAR, North Charleston, SC. 17 pp. 
 

 



 
 

SEDAR 34 DATA WORKSHOP DOCUMENT 
 
 
 

Standardized indices of abundance for Atlantic sharpnose sharks from the University of North Carolina 
bottom longline survey 

 
 

Frank J. Schwartz 
University of North Carolina  
Institute of Marine Sciences 
Morehead City, NC 28557 

 
Camilla T. McCandless 
NOAA/NMFS/NEFSC 

Apex Predators Investigation 
Narragansett, RI  02882 

 
John J. Hoey 

NOAA/NMFS/NEFSC 
Cooperative Research Program 

Narragansett, RI  02882 
 

cami.mccandless@noaa.gov 
john.hoey@noaa.gov 

 
June 2013 

 
Workshop Draft not to be cited without permission of authors 

 
 
 
 
 
 
Summary 

 
This document details the Atlantic sharpnose shark catch from April-November, 1972-2011, at two 

fixed stations in Onslow Bay south of Shackleford Banks, North Carolina. Catch per unit effort (CPUE) by set 
in number of sharks per number of set hooks were examined by year.  The CPUE was standardized using a two-
step delta-lognormal approach that models the proportion of positive catch with a binomial error distribution 
separately from the positive catch, which is modeled using a lognormal distribution.  No Atlantic sharpnose 
sharks were caught during the three longline sets conducted in 1972.  The nominal and standardized relative 
abundance for Atlantic sharpnose sharks show an increasing trend throughout the majority of the time series 
that peaks in 2005 and then appears to decrease during the remaining years, ending in 2011.   
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Introduction 

In North Carolina waters, information about sharks was limited prior to 1972.  This led to the 

establishment of a bi-weekly longline survey (April-November, 1972-2011) conducted at two fixed stations 

south of Shackleford Banks in Onslow Bay, North Carolina by the University of North Carolina (UNC), 

Institute of Marine Sciences.  The survey’s objective was to define what sharks occurred in the area, their sizes, 

life stages, relative abundances and seasonal occurrences.  Relative abundance indices from this survey have 

been previously generated for Atlantic sharpnose sharks covering the time period from 1972 to 2005 (Schwartz 

et al. 2007). In this document, these time series are updated with data through 2011, including recovered 

temperature data and data corrections detailing missing water hauls and missing or incorrect information 

pertaining to individual animal records. 

 
Methods 

Sampling gear  

An unanchored longline, approximately 4.8 km long of braided nylon (about 7.6 mm diameter) was 

suspended by orange 1.3 m diameter polyfoam plastic floats spaced every 10 hooks, spacing between hooks was 

4.5 m.  Gangions were 1.8 m long of No. 2 (95 kg) porch swing chain terminating in a No. 9 Mustad tuna hook.  

This gear was not altered throughout the 30 + years of sampling.  The number of hooks varied more during 

early sample years and less during later years, rarely less than 100 hooks per set.  Bait was fresh fish trawled 

near Beaufort Inlet, North Carolina, usually consisting of spot Leiostomus xanthus and Atlantic croaker 

Micropogonias undulatus, occasionally pigfish Orthopristis chrysptera and pinfish Lagodon rhombiodes.     

 

Survey design 

A bi-weekly shark survey occurred between April and November at two fixed stations 1-3.4 km south of 

Shackleford Banks in Onslow Bay, NC.  The daily sampling protocol generally included an early morning set at 

the east-west (E-W) station, followed by a later set in the day at the north-south (N-S) station.  The shallow (13 

m) E-W set was over sandy-silt and the deeper (22 m) N-S set was primarily over sandy areas.  Weather 

occasionally prevented occupying both stations on a single day.  Soak time was one hour, to avoid longer 

intervals that would often produce dead or dying sharks.  Surface water temperatures were recorded at the 

beginning of the set.  Fork length and sex were recorded for each shark species caught. Any specimen that was 

partially eaten, damaged or lost during line retrieval was counted but not measured.   

 

Data Analysis 

Catch per unit effort (CPUE) in number of sharks per hook were used to examine the relative abundance 

of total and age 1+ Atlantic sharpnose sharks caught during the UNC longline survey conducted between 1972 
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and 2011 in Onslow Bay, NC.  For the purposes of this SEDAR process, male Atlantic sharpnose sharks smaller 

than 38 cm fork length, and female Atlantic sharpnose sharks smaller than 43 cm fork length were considered to 

be young-of-the-year sharks and excluded from analyses of age 1+ sharks.  The CPUE was standardized using 

the Lo et al. (2002) method which models the proportion of positive sets separately from the positive catch.  

Factors considered as potential influences on the CPUE for these analyses were: year (1972 – 2011), month 

(April – November), station (E-W, N-S), and temperature (<20 deg C, 20-24 deg C, 25-29 deg C, and 30+ deg 

C).  The proportion of sets with positive CPUE values was modeled assuming a binomial distribution with a 

logit link function and the positive CPUE sets were modeled assuming a lognormal distribution.   

Models were fit in a stepwise forward manner adding one potential factor at a time after initially running 

a null model with no factors included (Gonzáles-Ania et al. 2001, Carlson 2002).  Each potential factor was 

ranked from greatest to least reduction in deviance per degree of freedom when compared to the null model.  

The factor resulting in the greatest reduction in deviance was then incorporated into the model providing the 

effect was significant at  = 0.05 based on a Chi-Square test, and the deviance per degree freedom was reduced 

by at least 1% from the less complex model.  This process was continued until no additional factors met the 

criteria for incorporation into the final model.   The factor “year” was kept in all final models, regardless of its 

significance, to allow for calculation of indices.  All models in the stepwise approach were fitted using the SAS 

GENMOD procedure (SAS Institute, Inc.).  The final models were then run through the SAS GLIMMIX macro 

to allow fitting of the generalized linear mixed models using the SAS MIXED procedure (Wolfinger, SAS 

Institute, Inc).  The standardized indices of abundance were based on the year effect least square means 

determined from the combined binomial and lognormal components. 

 

Results 

Total Atlantic sharpnose sharks 

A total of 3111 Atlantic sharpnose sharks were caught during 951 longline sets from 1972 to 2011.   The 

proportion of sets with positive catch (at least one A. sharpnose shark caught) was 58%.  The stepwise 

construction of each model and the resulting statistics for the mixed models are detailed in Table 1.  Model 

diagnostic plots reveal that the model fit is acceptable (Figures 1a and 1b).  The resulting indices of abundance 

based on the year effect least square means, associated statistics and nominal indices are reported in Table 2 and 

are plotted by year in Figure 2.  

 

Age 1+ Atlantic sharpnose sharks 

 A total of 2907 age 1+ Atlantic sharpnose sharks were caught during 951 longline sets from 1972 to 

2011.   The size range of age 1+ Atlantic sharpnose sharks caught by year is displayed in Figure 3.  The 

proportion of sets with positive catch (at least one A. sharpnose shark caught) was 55%.  The stepwise 
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construction of each model and the resulting statistics for the mixed models are detailed in Table 3.  Model 

diagnostic plots reveal that the model fit is acceptable (Figures 4a and 4b).  The resulting indices of abundance 

based on the year effect least square means, associated statistics and nominal indices are reported in Table 4 and 

are plotted by year in Figure 5. 
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Table 1.  Results of the stepwise procedure for development of the UNC longline survey catch rate model for total 
Atlantic sharpnose sharks.  %DIF is the percent difference in deviance/DF between each model and the null model.    
Delta% is the difference in deviance/DF between the newly included factor and the previous entered factor in the model.   
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Table 2.  UNC longline survey total Atlantic sharpnose shark analysis number of model observations per year 
(obs n), number of positive model observations per year (obs pos), proportion of positive model observations 
per year (obs ppos), nominal cpue as sharks per hook (obs cpue), resulting estimated cpue from the model (est 
cpue), the lower 95% confidence limit for the est cpue (LCI), the upper 95% confidence limit for the est cpue 
(UCI), and the coefficient of variation for the estimated cpue (CV). 
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Table 3.  Results of the stepwise procedure for development of the UNC longline survey catch rate model for age 1+ 
Atlantic sharpnose sharks.  %DIF is the percent difference in deviance/DF between each model and the null model.    
Delta% is the difference in deviance/DF between the newly included factor and the previous entered factor in the model.   
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Table 4.  UNC longline survey age 1+ Atlantic sharpnose shark analysis number of model observations per year 
(obs n), number of positive model observations per year (obs pos), proportion of positive model observations 
per year (obs ppos), nominal cpue as sharks per hook (obs cpue), resulting estimated cpue from the model (est 
cpue), the lower 95% confidence limit for the est cpue (LCI), the upper 95% confidence limit for the est cpue 
(UCI), and the coefficient of variation for the estimated cpue (CV). 
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Figure 1a.  Total Atlantic sharpnose shark model diagnostic plots for the binomial component. 
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Figure 1a continued.  Total Atlantic sharpnose shark model diagnostic plots for the binomial component. 
 

 
 

 
 
 
Figure 1b.  Total Atlantic sharpnose shark model diagnostic plots for lognormal component. 
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Figure 1b continued.  Total Atlantic sharpnose shark model diagnostic plots for lognormal component. 
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Figure 1b continued.  Total Atlantic sharpnose shark model diagnostic plots for lognormal component. 
 

 
 
 
Figure 2.  UNC longline survey total Atlantic sharpnose shark nominal (obcpue) and estimated (estcpue) indices 
with 95% confidence limits (LCL0, UCL0). 
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Figure 3.  Fork lengths (cm) of age 1+ Atlantic sharpnose sharks caught during the UNC longline survey from 
1973-2011. 
 

 
 
 
Figure 4a.  Age 1+ Atlantic sharpnose shark model diagnostic plots for the binomial component. 
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Figure 4a continued.  Age 1+ Atlantic sharpnose shark model diagnostic plots for the binomial component. 
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Figure 4b.  Age 1+ Atlantic sharpnose shark model diagnostic plots for the lognormal component. 
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Figure 4b.  Age 1+ Atlantic sharpnose shark model diagnostic plots for the lognormal component. 
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Figure 5.  UNC longline survey age 1+ Atlantic sharpnose shark nominal (obcpue) and estimated (estcpue) 
indices with 95% confidence limits (LCL0, UCL0). 
 
 

 
 


