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Outline 
A. Examination of the reported trophic cascade 

mediated by declines in large sharks 
 

i. Are declines in large sharks as severe as reported? 

ii. Are increases in smaller elasmobranchs credible? 

iii. Are the trophic links sufficient to elicit this cascade? 

iv. Is increased cownose ray abundance responsible for 

declines in commercial bivalve populations? 
 

B. Cascading effect of the purported trophic cascade 

– fishery development for cownose rays 

 

 



Myers et al. 2007 

A. Examination of the reported trophic cascades 

mediated by declines in large sharks 
 

i. Are declines in large sharks as severe as reported? 
 

sandbar shark  
(Carcharhinus plumbeus) 

Dusky Shark  
(Carcharhinus obscurus) 

 BlacktipShark  
(Carcharhinus limbatus) 

Tiger Shark  
(Galeocerdo cuvier) 

bull shark  
(Carcharhinus leucas) 

scalloped hammerhead 
(Sphyrna lewini) 

UNC Survey Data 

smooth hammerhead  
(Sphyrna zygaena) 

↓87%        ↓99%          ↓98%                 ↓99% 

 

 

 

 ↓93%       ↓99%        ↓97% 

 
 



ISSUES: Very low sample sizes for 3 of 7 species: 
  

32 year time series  
  

 smooth hammerhead (N=5)  
 99% decline 
 

 bull sharks (N=23)  
 99% decline  
  

 tiger sharks (N=39)  
 97% decline  

Other data sets suggest stock of bull sharks 

and tiger sharks have been increasing since 

1993 (year of implementation of the FMP) 

Bull Shark 

Carlson et al. (in press) 

Froesche et al. (2012) 



ISSUES: Very low sample sizes for 3 of 7 species: 
  

32 year time series  
  

 smooth hammerhead (N=5)  
 99% decline 
 

 bull sharks (N=23)  
 99% decline  
  

 tiger sharks (N=39)  
 97% decline  

Other data sets suggest stock of bull sharks 

and tiger sharks have been increasing since 

1993 (year of implementation of the FMP) 

Tiger  

Sharks 

Baum and Blanchard (2010) 

Tiger Shark 



VIMS Survey 

UNC Survey 

Fishery Independent Longline Surveys:  UNC (1972-pres.; 2 fixed stations) 

           VIMS (1974-pres.; 5 fixed coastal stations)  

ISSUES: 
 Data from a spatially limited survey  
 (2 stations) may not reflect stock-wide 

abundance trends 

“Because this survey is situated where 

it intercepts sharks on their seasonal 

migrations, these trends in abundance 

may be indicative of coastwide 

population changes.” Myers et al. 

(2007) 



Carcharhinus plumbeus 

(Sandbar Shark) 

© R. Dean Grubbs 



Carcharhinus limbatus 

(Blacktip Shark) 

 

 
Northern population shift? 

© R. Dean Grubbs 



Carcharhinus obscurus 

(Dusky Shark) 

 
Northern population shift? 

 
© R. Dean Grubbs 



Stock assessments suggest dusky sharks abundance declined by 80%.   
  Abundance increasing; 2009 SSB depletion 85%  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.sefsc.noaa.gov/sedar/Sedar_Workshops

.jsp?WorkshopNum=21 

Dusky Shark Base Indices 

Conn, P. B. 2010. Hierarchical analysis of 

multiple noisy abundance indices. 

Canadian Journal of Fisheres and Aquatic 

Sciences 67:108{120. 

IUCN: Vulnerable   A2bd  

Musick, J.A., Grubbs, R.D., Baum, J. & Cortés, E. 2009.  

Carcharhinus obscurus. In: IUCN 2011. IUCN Red List of  

Threatened Species. Version 2011.2. 



Galeocerdo cuvieri 

(Tiger Shark) 



Galeocerdo cuvieri 

(Tiger Shark) 



A. Examination of the reported trophic cascades 

mediated by declines in large sharks 
 

ii. Are increases in smaller elasmobranchs credible? 

Are they real and are they consistent with life history? 



Myers et al. 

MADMF index: no trend 

CTDEP Index: declining trend ~8,000,000 lbs landed per year in bait fishery 

Overfished 

threshold 

ii. Are increases in smaller elasmobranchs credible? 

Little Skate (Leucoraja erinacea) 



Rhizoprionodon terraenovae 

(Atlantic Sharpnose Shark) 

ii. Are increases in smaller elasmobranchs credible? 



Rhizoprionodon terraenovae 

(Atlantic Sharpnose Shark) 

ii. Are increases in smaller elasmobranchs credible? 



http://www.sefsc.noaa.gov/sedar/Sedar_Workshops.jsp?WorkshopNum=13 

SEDAR 13 Stock Assessment Report for Small Coastal Sharks 



UNC Survey:  Two most abundant sharks species - Atlantic sharpnose and blacknose sharks.  
 

Drastic increase in sharpnose sharks  
attributed to predation release. 

Equally drastic DECREASE in blacknose  
 
 

Shift in population distribution, competition  
or habitat change likely explain this 

Bogue Banks 

ODMDS  
(Offshore Dredge  

Materials Disposal Site 

51 MCY) 
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Dusky Shark 

Rhizoprionodon terraenovae 

(Atlantic Sharpnose Shark) 

Carcharhinus obscurus 

(Dusky Shark) 



The cownose ray population explosion? 
 

 
 
 
 
 
 
 

Most drastic increases illustrated; very small sample sizes.  
 

Increase may represent a shift in the population distribution rather than a 
population increase (Frisk et al. 2008, Frisk 2010).   
 

Survey  Gear Years No. Caught Inst. Rate 

DNREC  Trawl 24 76  0.117**** 

NCDMF  Trawl 17 230  0.175**** 

VIMS  Seine 35 11  0.104* 

MDNR  Seine 45 26  0.063** 

NMFS-Off Trawl 5 23  -0.265 

NMFS-In  Trawl 31 544  0.044* 

SEAMAP  Trawl 17 4817  0.059** 

Data from Myers et al. (2007) 



HISTORICAL PERSPECTIVE: 

 

John Smith’s 1608 exploration of the Chesapeake Bay.  

Smith’s crew “...Our Captain sporting himself by nailing them [rays] to the 

ground with his sword, set us all afishing in that manner: thus we took more 

in an hour than we could eat in a day.” 

 

Mitchell (1815) 

Cownose rays “are detested by people who live near the shores by reason of 

the damage they do to the clams (Mya arenaria)” 

 

Joseph (1961) Copeia.   

Cited unusual catches of cownose rays in pound nets in 1960.   Fishermen 

polled could not “recall such concentrations in the past”. 

 

Schwartz (1965) –  

“Huge flotillas of R. bonasus annually invade the upper bay.”   

Witnessed the catch of 200,000 cownose rays in the Potomac River in 1964 

 



Reference N (♂) 50% Mat. K N (♀) 50% Mat. K Region 

Fisher, Call & Grubbs  

(in revision) 

217 6-7 years 0.274 319 7-8 years 0.193 Chesapeake Bay 

Smith & Merriner (1986) 61 5-6 years 0.126 54 7-8 years 0.119 Chesapeake Bay 

Cownose ray population explosion? 
 
Cownose rays:  7-8 years to mature, Max. age: 21 years  
  11-month gestation  
  produce a single pup  
Lifetime fecundity: Cownose rays ~10; Large sharks >100   
 
Population doubling time is several decades, r=0.01. 



A. Examination of the reported trophic cascade 

mediated by declines in large sharks 
 

iii. Are the trophic links sufficient to elicit this cascade? 
 

Requirements:   
       Spatio-temporal overlap b/w large and small elasmobranchs  
       Small elasmobranchs = significant part of large shark diet   
       Large sharks = the primary predators of small elasmobranchs  



ISSUES: 
 

Some species implicated in the trophic cascade rarely co-occur.   

Fitz and Daiber 1963, Compagno 2001, Able & Flescher 1991, Packer et al. 2003, 

Musick & McEachran 1974, McEachran and Musick 1975, VIMS longline data 





Species   % Elasmobranch Diet  

 

Scalloped Hammerhead  0.5%    

Blacktip    4.5%  (3% cownose ray) 

Tiger    8.0% 

Sandbar   6.3% (0.01% cownose ray) 

Dusky    12.0% (0.01% cownose ray) 

Bull    35.4% 

 

Cortes (1999) 



Most common elasmobranch 
prey for large sharks along 
East Coast:  
 
Clearnose Skate  
(Raja eglanteria) 
 
Myers et al. (2007 supp. material): 
Increase in two surveys  
Decline in one survey  
No trend in two surveys 



Baum & Worm 2009 

A. Examination of the reported trophic cascades 

mediated by declines in large sharks 
 

iv. Is increased cownose ray abundance responsible for 

declines in commercial bivalve populations? 
 

 

 



Trophic Relationships 
 

•Are cownose rays significant natural predators of commercial bivalves?  

Location  Primary Diet                                                 

 

Chesapeake Bay (1970’s)  Softshell clams, small bivalves 
 

Chesapeake Bay (current)  Small non-commercial bivalves,  

    crustaceans, fishes 
 

North Carolina   Bay scallops (70%) 
 

Tampa Bay   Cumaceans and polychaetes 
 

Gulf of Mexico   Amphipods, polychaetes,  echinoderms, 

    non-commercial bivalves                                                            
                    

Smith and Merriner (1985), Powers and Gaskill (2003), Collins et al. (2007), Craig et al. (2010), 

Ajemian and Powers (2011), Fisher et al. (in prep) 

Bob Fisher, VIMS 

No evidence of significant predation on oysters and hard 
clams except on “seeded” beds (i.e. on-bottom aquaculture) 
 
Cownose collected from commercial oyster grounds in 
Chesapeake Bay: oysters=5% of diet, small weak-shelled 
bivalves and crustaceans dominated (Fisher 2010 – Report to 
NOAA NA07NMF4570324)  



(A)Probability of predation 

and peak load of  M. 

mercenaria as a 

function of shell depth 

 

 

 

 

 

 

 

 

 

 (B) Probability of 

predations and peak load 

of C. virginica and as a 

function of shell depth. 

Fisher, R.A., G.C. Call, R.D. Grubbs. 2011.  

J. Shellfish Research 30(1): 187-196. 
Kolmann et al. 2012. Scaling  

of bite force in cownose rays  



Heithaus et al. (2008) 



Atlantic Coast Bay Scallop Landings (1950-2003) 
 

•  Scallop populations are 
declining all along the East 
Coast, even where cownose 
rays do not occur 
 

•Cownose rays may be 
inhibiting recovery, but they 
are not the cause of scallop 
stock collapses 



NCDMF (2007): 

 

1937: wasting disease killed seagrass 

 leading to scallop collapse 

  

1987: red tide caused scallop  

 recruitment failure 

 

1999: Hurricanes Denis, Floyd, Irene 

 

Recreational fishery unmonitored 

NMFS 1991: ~1,000,000 trips/yr 

(1/2 bushel allowed; if 5% successful,  

would match commercial harvest)  



Oysters  
Overharvest 
Habitat Loss 
Pollution 
DMX disease 1970’s 
Predation by Urosalpinx etc 

Wilburg et al. 2011:  Fishing is largest cause of declines in Chesapeake Bay 
oysters; disease is 2nd.  Increases in natural mortality from predation are 
overshadowed. 



Oysters  

 

•Cownose rays may be 
inhibiting mitigation efforts, 
but they are not the cause 
of oyster stock collapses 



Save the Bay, Eat a Ray  

Cascading effects of pseudoscience  

– fishery development for cownose rays 

 

 

Boston Seafood Show Brussels Seafood Show 



BONASUS 

 

A beast like a bull, that uses its dung as a weapon 
 

Pliny the Elder [1st century CE]: The bonasus when attacked runs away, while  

releasing a trail of dung that can cover three furlongs. Contact with the dung burns  

pursuers as though they had touched fire.  

Rhino = Greek for “snout” 

 

ptero = Greek for “wing” 

Rhinoptera bonasus  

http://bestiary.ca/prisources/psdetail529.htm


Merriner and Smith (1979) 

Reported substantial losses to seed and 

harvestable oyster beds in Virginia due to 

cownose ray predation. 

 

Recommendations:   

1) Fences to protect planted oyster bottom 

2) Develop a fishery for cownose rays 

3) Directed fishery should begin after July 

15 to allow births 

4) Develop sportfishing derbies for 

cownose rays 

5) Add cownose ray to the list of citable 

fishes maintained by the Virginia 

Saltwater Fishing Tournament 

 

Otwell and Lanier (1978) 

Also reported losses of scallops in North 

Carolina to cownose rays.  Proposed a 

fishery and tried to develop a market. 

Sound familiar? 





 



 



 



www.virginiaseafood.org/chesray/ 



Predators Prey Smith et al. 1998: Sharks 

Grubbs et al. in prep: Cownose 



Data from Virginia Marine Resources Commission’s commercial landings bulletins 

http://www.mrc.state.va.us/landings_bulletins.shtm 

2008 = 186 MT  

 

 

Perspective: 188 MT = Current 

Federal quota for all large 

coastal sharks (excluding 

sandbar sharks) harvested in 

U.S. Atlantic waters combined  

Does not include commercial 

discards or recreational 

mortality (e.g. ray derbies) 
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The trends in abundance in the production model and all alternate runs of the 

integrated model show the same pattern of decline in the 1980s followed by recovery 

to above the level at the start of the time series. 





 



Distribution: Wide-ranging elasmobranchs have four primary patterns  

(Burgess and Musick 2005) 

 

a) cosmopolitan pelagic species  

found in most oceans 

 

 

 

 

 

 

 

 

c) widespread cont shelf with 

discrete disjunctions b/w isolated or 

semi-isolated pops  

 

 

b) widespread cont shelf species 

with more or less continuous 

distribution 

 

 

 

 

 

 

 

d) widespread tropical insular 

species discrete disjunctions b/w 

isolated or semi-isolated pops  

 

Maps from IUCN Shark Specialist Group (2008) 



Wide-ranging elasmobranchs (Burgess and Musick 2005): 

 

• That wide ranging species have allopatric or semi-isolated 
populations is of special concern when developing species-
specific management and conservation strategies 

 

• Biologically distinct populations deserve independent 
evaluations of conservation status 

 

• Loss of populations could lead to loss of genetic diversity 

 

• Progressive local extirpations could lead to global extinction 

 

       

 



Mangel 2007. “Our separation of “basic” and “applied” 

science (and, too often, our denigration of the latter), lack of 

interest in science education (which means the public cannot 

make informed choices), polarization of the dialogue 

between science and religion (causing us to lose valuable 

allies), and crossing of the line between environmental 

science and environmentalism (in our passion for 

conservationist outcomes; Hilborn 2006) has come fully 

around to haunt us, so that in policy discussions 

science is now just another opinion of stakeholders.” 





Other predators: 
 

Skates: 
 

Packer et al. 2003: Little skate “juveniles and adults are 

preyed upon by sharks, other skates (including winter 

skates), teleost fishes (including cod, goosefish, sea 

raven, longhorn sculpin, bluefish, summer flounder), 

gray seals, and rock crabs (Cancer irroratus) 

(McEachran et al. 1976; Reilly and Saila 1978; Scott and 

Scott 1988; Rountree 2001).” 

 

      

 

Cownose rays:  

 In 9% of stomachs from cobia 

 (Rachycentron canadum) 

   (Arendt et al. 2001) 
 



 



ISSUES: 
 

1) a) Declines in large coastal sharks were exaggerated using inappropriate  
(pelagic longline  logbooks) or spatially limited (North Carolina longline survey)  
data sets.   
 b) They ignored more robust analyses conducted in stock assessments that  
suggest, while there have been real declines, they are not as severe as presented.   
 c) Low sample sizes for some species: e.g. claimed 99% decline for bull shark 
based on N=23, tiger shark from N=39, and smooth hammerhead from N=5 over  
35 years. 
 

Myers et al. 

X X 



ISSUES: 
 
2) There is little evidence that the so-called meso-predators (small sharks, 
batoids) are major prey for any of the large sharks.   
 
3) Some species implicated in the trophic cascade do not even co-occur.   

Myers et al. 
X X 



ISSUES: 
 

4) Inconsistent conclusions and contradictions.   
The two most abundant sharks in the UNC survey have been Atlantic sharpnose and  
blacknose sharks. Myers et al. reported a drastic increase in sharpnose sharks and  
attributed this to predation release due to declines in large sharks.   
 

They failed to report that they also found an equally drastic DECREASE in blacknose  

sharks.  Blacknose and sharpnose have different patterns of habitat use.  More  
parsimonious explanations for opposite abundance trends in two allopatric species  
are that either the population distribution has shifted or the habitat has changed.   
 
 
 

Atlantic Sharpnose UNC 1973 2003 31 2239 All 0.084**** 

 

Blacknose UNC 1972 2003 32 1304 All -0.090**** 

Myers et al. 



5)  The Rhinoptera bonasus explosion. 
Cownose rays: 8 years to mature, 11-month gestation, produce a single pup  
 
A ten-fold increase would require at least 70 years and they claim it happened in 
a decade by using inappropriate data sets.  
Chose to show graphs of the 4 most drastic increases, all of which could be 
attributed to a shift in the population distribution rather than a population 
increase .   
 
They also failed to point out that the peak  relative  
abundance of cownose rays in 3 of these 4 surveys  
occurred around 2000 and have declined since. 

Cownose Ray Intrinsic  Population Growth
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6) Cownose ray diet  
Blaylock (1993) and Smith and Merriner (1985) are cited in support of the 
statement "Their diet consists largely of bay scallops (Argopecten irradians), 
soft-shell clams (Mya arenaria), hard clams (Mercenaria mercenaria), oysters 
(Crassostrea virginica), and several smaller, noncommercial bivalves?."  This is 
a perversion of these studies.  Blaylock only mentions that they feed on 
bivalves and Smith and Merriner indicated that oysters and hard clams were a 
very small portion of the diet.  Scallops were completely absent.  Soft-shell 
clams and small non-commercial clams were the major components of the 
diet. cause the declines. 

Cownose Prey - Frequency of Occurence

Macoma balthica      

(Baltic macoma), 

32.5%

Mya arenaria              

(soft shell clam), 

45%

Crassostrea 

virginica     

(oyster),               

2.5%Geukensia 

demissa     

(ribbed mussel),  

5%

Mercenaria  

mercenaria    

(hard clam),       

7.5%

Tagelus plebeus      

(stout razor clam), 

20%

Unidentified 

shellfish, 

2.5% Unidentified 

teleost remains, 

2.5%

Smith and Merriner 1985



7) They did not consider alternative (more likely) explanations for bivalve 
declines - desease, overharvest, recruitment failure.    
 

a) Amazingly, the editors and reviewers didn't recognize that the decline they 
showed in the bay scallop population occurred a decade prior to the 
purported increase in cownose rays.   
 

b) According to the NC Bay Scallop FMP "In recent years, harvest has 
decreased to essentially no landings because of recruitment failure 
resulting from a red tide event in 1987, several hurricanes in the 1990's 
and cownose ray predation." 

 




