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Introduction 

 

 
 

The spiny dogfish, Squalus acanthias, is a small, migratory shark found North and 

South of the Equator in many locations around the world (Figure i) and is especially common 

in the Gulf of Maine during the summer months.  Its importance commercially and in 

physiological studies has led to large amounts of research on this species, giving insight into 

its biology and life history.  This introductory chapter summarizes this species’ basic 

biology, which will be helpful in subsequent chapters when reading about the various studies 

conducted with and on this species. 

 
Figure i: Distribution of dogfish globally, red to yellow gradient represents areas of highest to lowest 

density, respectively (www.fishbase.org). 

 

Illustration by Ann Hecht © 

 

http://www.fishbase.org/
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General Biology 

 The spiny dogfish is a relatively small shark that can be easily distinguished from 

other small sharks by the presence of spines in front of both the first and second dorsal fins.  

These spines secrete a mild toxin and are believed to be used for protection (Collette and 

Klein-MacPhee 2002).  This shark reaches approximately one meter (m) in total length with 

the females attaining greater lengths than the males.  Additionally, the females mature at 

approximately 80 centimeters (cm), total length, while the males mature when they reach 

near 60 cm (Collette and Klein-MacPhee 2002). 

The migrations of this species in the Northwest Atlantic, both regionally and within 

the water column, are thought to be determined by water temperature (Jensen 1965).  The 

dogfish makes a northward migration from locations south of Cape Cod in late May, June, 

and July and then returns southward in October and November (Hisaw and Albert 1947).  

Using tagging studies, McFarlane and King (2003) found trans-oceanic migrations, which 

have genetic implications since they imply gene flow between populations separated by deep 

water and great distances (Templeman 1976 as cited by Hauser 2009, McFarlane and King 

2003).  The genetic consequences of these migrations have led many researchers to further 

examine the genetics, policies, and regulations governing the commercial use of S. 

acanthias; and many of these topics will be addressed in this report.  Squalus acanthias also 

exhibit schooling behavior where individuals school by size, and once they reach maturity, 

by sex.  The schools of juveniles remain offshore and the schools of mature females can be 

found inshore (Hisaw and Albert 1947, Collette and Klein-MacPhee 2002).   

Dogfish are considered opportunistic feeders because food items ranging from smelt 

to squid, small crustaceans, and other invertebrates have been found in their stomachs.  An 
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unfortunate fact for the dogfish is their status in the Gulf of Maine as the ―chief enemy of 

cod‖ (Jensen 1965), which may not motivate people to protect this species.  However, it is 

the diversity of their food items that may have contributed to their biological success (Jensen 

1965). 

This species has the longest gestation period of any vertebrate, 18-24 months, which 

is surprising because gestation length generally correlates with size—with larger animals 

having longer gestation periods—at least in mammals (Blueweiss et al. 1978).  The dogfish is 

similar to other shark species in its slow growth and late age at maturity; the females take 12 

years to mature while males only take six years (Hauser et al. 2007, Hauser 2009, Collette 

and Klein-MacPhee 2002, www.nmfs.noaa.gov).  Even though the majority of their biology 

remains the same throughout their geographic range, there are some key differences between 

dogfish found in the Atlantic Ocean and those found in the Pacific Ocean.  In the Pacific, 

dogfish mature later, attain a larger size, and overall live longer than dogfish found on the 

Atlantic coast (Hauser 2009, Smith et al. 1998).  Differences between Atlantic and Pacific 

dogfish can also be seen genetically (Hauser 2009).  Results from genetic studies have led 

researched to suggest that this species originated in the North Pacific (Verissiomo et al. 

2010). 

 

Importance of the Spiny Dogfish 

Squalus acanthias is one of the most common Elasmobranch models employed today 

and is often used to study membrane transport related diseases caused by malfunctions in ion 

transport across membranes (e.g. cystic fibrosis, see Mattingly et al. 2004).  The dogfish is 

used because it provides a unique system in which to investigate the pathways relevant to 

http://www.nmfs.noaa.gov/
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those diseases as Elasmobranchs are the ―oldest existing vertebrates with a closed, 

pressurized circulatory system and related signaling molecules and receptors…‖ (Mattingly 

et al. 2004).   Its main purpose at the Mount Desert Island Biological Laboratory (MDIBL) is 

for research relating to cystic fibrosis, however, the dogfish is often used for the study of 

other human diseases and comparative biology.  The dogfish is a useful model since it 

provides an analogous form of the human system, because of a shared common ancestor 

dogfish exhibit the same mechanisms that regulate molecule concentrations in humans 

(Mattingly et al. 2004).  Because of the cold waters they often inhabit, dogfish have 

extremely stable cells, which cause them to have a slower metabolism resulting in more 

stable tissues and macromolecules, thus allowing membrane transport rates to be measured 

more easily (Mattingly et al. 2004).  The dogfish is often caught in large numbers in parts of 

the ocean, such as the Gulf of Maine.  These sharks are regularly brought to the surface live, 

since they lack a swimbladder, and can then be transported to a lab where they can survive 

year-round, given the proper conditions.  A combination of these traits allows the dogfish to 

be used in studies of ―human physiology, immunology, genomics, stem cell and cancer 

biology, pharmacology, toxicology, and neurobiology‖ (Mattingly et al. 2004).  There are 

many ongoing research projects using the spiny dogfish as a model, which are summarized in 

Mattingly et al. 2004 (Table i).  Hundreds of spiny dogfish are sacrificed for biomedical 

research at MDIBL every year. 
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Table i: Summary table from Mattingly et al. 2004 detailing the parts of the spiny dogfish used in 

research and provides citations of papers containing relevant research. 

 
 

 

The spiny dogfish is also valuable commercially, and appears to be sensitive to 

exploitation, leaving the population in danger of being overfished.  Its sensitivity to 

overfishing is due in part to its lengthy gestation period and slow growth.  The species as a 

whole is considered ―vulnerable‖ by the International Union for the Conservation of Nature 

and Natural Resources (IUCN), while all subpopulations, of which there are nine, range from 

―least concern‖ to ―critically endangered.‖  The Northwest Atlantic subpopulation is 

considered ―endangered‖ (www.iucnredlist.org).   

Dogfish meat is not commonly consumed in the United States (US) but in Europe it is 

often used in the popular meal known as fish and chips (CoP15 Prop. 18).  The European 
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Union stocks of dogfish are in decline (CoP15 Prop. 18), which has caused the continued 

reduction in the total allowable catch (TAC) of dogfish to a TAC of 1, 422 metric tonnes 

(mt).  Reducing the local catch while a steady local demand remains increases reliance on 

imports of spiny dogfish, which are coming chiefly from the US and Canada (CoP15 Prop. 

18).    

The spiny dogfish was proposed for listing on Appendix II of the Convention on 

International Trade in Endangered Species of Wild Flora and Fauna (CITES) in March 2010 

by Sweden and Palau.  Appendix II is meant for species that have not become endangered, 

but may reach that point if their trade is not monitored (www.cites.org).  The spiny dogfish is 

in this position because of lax or absent regulations in many locations, causing shifts in 

population structure and abundance (CoP15 Prop. 18).  This proposal was not accepted and 

the spiny dogfish remains unlisted.   

In order to gain a better understanding of the effect fishing and environmental 

pressures will have on this species, it is necessary to understand its biology and life-history 

patterns.  Management of this species can be complicated by the varying life history patterns 

throughout this species’ range, which may alter the species’ response to external pressures.  

This report will highlight some aspects of this species’ biology including genetics, 

reproductive patterns, migration, and sex ratios that have been examined by myself and other 

scientists as well as the history and current state of the fishery.  The first chapter will address 

uses of the dogfish, the history of the fishery on both the East and West coasts of the United 

States and the current fisheries regulations.  Chapter Two will discuss the results of a trawl 

analysis where I investigated sex ratios and patterns in individual size through time in part of 

the Gulf of Maine.  Chapter Three focuses on the reproductive biology of the dogfish and 

http://www.cites.org/
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discusses the results of a study I conducted, examining temporal patterns in reproduction.  

The fourth and final chapter will discuss the genetic differences between Pacific and Atlantic 

spiny dogfish. 
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Chapter 1: 

Past and Current Fisheries for Spiny Dogfish 

 
Dogfish are strange animals. They used to be a hated pest, then fish and chips, and sharkfin 

soup.  And now we worry they will become endangered.  How odd.— Fishery Scientist 

(McFarlane et al. 2009) 

Uses of the Spiny Dogfish 

 The dogfish has various uses and rankings within fisheries, being considered a pest 

initially, and then becoming more valuable as other fisheries were depleted.  The dogfish has 

been used for more than just food as many other parts of the fish can be used.  Native 

Americans used the dogfish for food, skins, sandpaper, and their liver oil for dressing hides.  

When settlers arrived on the West coast they used the dogfish for food and lantern oil (Jensen 

1965, Hauser et al. 2007).  The dogfish, even though it is often considered a trash fish, has 

more recently been valued for its oil and natural vitamin A content; ―The potency of spiny 

dogfish liver oil for vitamin A was 5 to 10 times greater than in cod liver oil…‖(Beamish et 

al. 2009).  The dogfish was used as meal and their ―skins were used by cabinet makers to 

polish hardwood…and the carcasses were dried and fed as a winter food supplement to 

cattle…‖ (Jensen 1965).  The oil and carcass could be used for fuel and illumination, ground 

and used for fertilizer, and the yolky eggs were used to tan leather in place of chicken eggs 

(Beamish et al. 2009, Jensen 1965).  The oil was also used on logging roads to lubricate 

skidways as well as for ―illumination in sawmills, coal mines, and coastal lighthouses‖ 

(Jensen 1965).  Dogfish oil provides excellent illumination because it produces a ―clear, 

bright light…‖ (Beamish et al. 2009).  
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Spiny dogfish are difficult to process industrially because only a small amount of 

meal is obtained from a rather large number of dogfish compared to other species.  

Additionally, their skins can cause mechanical difficulties at plants because they jam the 

conveyor belts (Jensen 1965). 

Only small amounts of spiny dogfish are processed for human consumption because 

of the connotation that comes with the name ―dogfish‖ and with shark meat generally in the 

United States.  However, in England their flesh is marketed as ―flake‖ or ―rock salmon‖ 

(Jensen 1965) and since the crash of the cod fishery in the 1990’s it has been served in the 

popular meal fish and chips.  A downside to dogfish flesh is the amount of urea it contains, 

which decomposes quickly into ammonia in both a refrigerated and a frozen state; therefore, 

it does not keep very well and tastes best when it is fresh (Jensen 1965).  Dogfish fins are 

also used in sharkfin soup, where the fins are dried before use which may eliminate the 

ammonia concern. 

 

Fishery Before and During World War II 

The Atlantic Ocean 

 Following their use by Native Americans and early settlers, the fishery continued to 

reduce dogfish numbers for oil and meal, even though they were considered a ―pest‖ species 

by many fishermen.  Dogfish were thought to be capable of decimating whole schools of 

fish, which frustrated fishermen because ―the arrival of a school of dogfish in any 

locality…is the signal for all other species to leave; and in this way the work of the fishermen 

is suddenly terminated…‖ (Earll 1880 as quoted in Jensen 1965).  Many schemes were 

devised to control and reduce the abundance of the species, some of which were rather 
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extreme—inject the fish with a fatal disease, dynamite the schools, or have government boats 

kill as many as possible.  However, Atkins (1904) suggested that a public market should be 

created and the public should consume the fish as a way to decrease its numbers (Jensen 

1965).  This was a very reasonable solution and during WWI ―almost the entire catch of 

dogfish from British Columbia was exported as ―grayfish‖ to the U.S. fresh fish market,‖ but 

the first commercial factory for processing dogfish was actually built in 1877 (Jensen 1965). 

 Other commercial uses were eventually found, such as the extraction of vitamin A 

from the shark’s liver, even though this did not begin commercially until 1936.  During 

WWII, there was a loss in the foreign sources of vitamin A and in response fishing intensity 

greatly increased (Jensen 1965).  

 

The Pacific Ocean 

 On the Pacific coast of North America, vast numbers of dogfish were being taken 

with 65 percent of the almost five thousand mt catch coming out of the Strait of Georgia 

(Figure 1.1) from 1870-1916 (Beamish et al. 2009).  This removal likely had an effect on the 

relationships within the ecosystem but the ramifications of this fishing intensity would only 

increase as a fishery of this magnitude continued until 1939 (Beamish et al. 2009).  At this 

point, there were no regulations for catches of dogfish or what methods could be used to 

catch them, but the most common methods were sunken gill nets and baited longlines 

(Beamish et al. 2009).  The landings of dogfish peaked in 1944 at 31,000 mt.  This is 

extremely significant because the dogfish catch ―…represented the largest catch of all species 

in British Columbia‖ (Beamish et al. 2009). 
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Figure 1.1: Satellite view of Strait of Georgia, inside black circle. 

 

 One of the first management efforts in the Strait of Georgia was the banning of gill 

nets in 1944 because of the immense bycatch associated with the nets (Beamish et al. 2009).  

This was also an important year for dogfish in the North Pacific because it was the first year 

people became concerned about the stock size as it began showing signs of overfishing 

(Beamish et al. 2009).  

 

Fishery after World War II 

The Atlantic Ocean 

 The ―trash‖ or ―industrial‖ fishery began in New England following WWII; in this 

fishery, non-food species were landed for their oil as well as for meal in livestock feeds 

(Jensen 1965).  Spiny dogfish were only a small percentage of the fishermen’s landed catch, 
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and by the mid-1950s industrial fleets were landing 259,000 pounds (~117 mt) annually of 

spiny dogfish in New Bedford, Massachusetts.  The total Southern New England industrial 

fishery was catching over five million pounds (~2,268 mt) of dogfish, but this only accounted 

for one to three percent of the total fisheries catch each year (Jensen 1965).    

 By the early 1960s, scientists were warning of a decline in fish stocks because the 

annual mortality rate for the 1961-62 fishery was 38 percent—fishing and natural mortality 

combined (Aasen 1964 as referenced in Jensen 1965).  Additionally, the catch per unit effort 

(CPUE) from 1957-63 ―…shows a heavily declining stock [of spiny dogfish]‖ (Aasen 1964 

as quoted in Jensen 1965).  This prompted Jensen (1965) to conclude that ―It is not 

unreasonable to suspect that future fishery biologists might be called on for studies to save 

declining fish stocks in North American coastal waters‖ (Jensen 1965). 

 Fishing continued at the commercial level after 1965, but it is interesting to note that 

from 1966-1974 almost all the dogfish landings were coming from Soviet fishing fleets 

(Sosebee and Rago 2006).  This is no longer the case because in 1976 the Magnuson-Stevens 

Fishery Conservation and Management Act was enacted, which clearly defined domestic 

fishing areas, effectively pushing out the foreign fleets with the establishment of the 200 mile 

limit, or Exclusive Economic Zone (EEZ)(http://wildlifelaw.unm.edu/ ).  In the late 1980s, 

the fishery increased due to a decline in European dogfish stocks creating an opening in 

international markets (NOAA FishWatch 2009).  But from the mid-1970s to the late 1990s 

there was still a great fluctuation in the number of dogfish being landed annually, ranging 

from 6,000-28,000 mt.  In 1998, the spiny dogfish was classified as overfished and within 

two years management strategies were implemented to encourage increased biomass.  

Landings greatly decreased in the early 2000s with only four thousand mt being landed.  In 

http://wildlifelaw.unm.edu/fedbook/magfish.html
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2004, due to trip limits and quotas, only one thousand mt were landed (Figure 1.2)(Sosebee 

and Rago 2006).  In 2008, the biomass of large female dogfish was assessed and it was 

concluded that they had reached the target biomass level and in 2009 a four-fold increase in 

quota was implemented increasing the quota from three million (~1,361 mt) to 12 million 

pounds (~5,443mt) (NOAA FishWatch 2009). 

 

 
Figure 1.2: Landings of spiny dogfish since 1960’s (Figure 26.2 from Sosebee and Rago 2006).  

 

The Pacific Ocean 

Fishing still continued even with the concerns regarding stock size expressed in 1944, 

but in 1950 a synthetic version of vitamin A came on the market and the spiny dogfish 

fishery collapsed.  Even with this collapse, the government was pressured to continue to 

support the fishery and subsidies were provided for the killing of dogfish in an effort to 
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remove them from the ecosystem because of their return as a nuisance.  These subsidies were 

provided from 1959 to 1974, resulting in the killing of 6.7 million spiny dogfish (Beamish et 

al. 2009). 

In 1979, one of the first attempts at stock assessments was conducted and an age-

structured model was produced.  This model showed that ―natural mortality is self-

regulating: in periods when abundance or density is low, the natural mortality is low, 

resulting in an increase in the rate of growth of the population. The opposite would occur 

when the numbers of spiny dogfish were large‖ (Beamish et al. 2009, model created by 

Wood et al. 1979).  Following the publication of this model managers set catch quotas, 

however, in order to implement these quotas care had to be taken when explaining the 

reasoning behind their implementation.  The method chosen stated that the need for the 

quotas was to maintain a stable fishery, rather than to benefit the marine ecosystem (Beamish 

et al. 2009).   

 

Current State of Fishery 

The Atlantic Ocean 

 The Northwest Atlantic population of dogfish was classified as overfished in 2007 

and an effort was made to have them listed on CITES (Hauser et al. 2007), but as of 2006 the 

dogfish was no longer listed as overfished and the biomass was continuing to increase 

(http://www.nmfs.noaa.gov/ ).  However, in March of 2010 another attempt was made to 

have the spiny dogfish listed on Appendix II of CITES (CoP15 Prop. 18).  It was not 

successful and the dogfish remains unlisted. 

http://www.nmfs.noaa.gov/fishwatch/species/atl_spiny_dogfish.htm
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The fishery targets larger individuals which, due to their sexual size dimorphism, are 

disproportionally female (Sosebee and Rago 2006).  For management purposes, the stock 

extending from Labrador down to Florida is considered one stock and any stock assessment 

is based on the biomass of large females.  The fishery is managed by two different plans that 

were developed at the same time, with one applying to state waters and the other to federal 

waters.  The Fishery Management Plan (FMP) for federal waters was developed by both the 

Mid-Atlantic and New England Fisheries Management Councils and the State FMP was 

created by the Atlantic States Marine Fisheries Commission (Figure 1.3)(Sosebee and Rago 

2006).  The fishery mostly uses otter trawls and sink gillnets at the commercial level and any 

recreational or foreign fishing in the area for dogfish is of little importance in the 

management of the fishery. 

 

 
Figure 1.3: Geographic region managed on East coast of the U.S. (Figure 26.1 from Sosebee and Rago 

2006). 
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The current regulations allow a commercial quota of 12 million pounds (~5,443 mt) 

that is split between two periods, with the first period running from May 1 – October 31 and 

the second period from November 1 – April 30.  All spiny dogfish landings, whether they 

were caught in Federal or State waters, count towards the quota.  The overall quota is split 

between three regions: Northern (ME-CT), Southern (NY-VA), and North Carolina (Figure 

1.3).  The Northern region receives 58 percent of the catch, the Southern region has 26 

percent, and North Carolina receives the remaining 16 percent.  When dogfish are landed 

they are counted towards the particular region’s quota, which is determined by the State 

where they are landed (if from Federal waters), or from the State in whose waters they were 

caught.  Once the regional quota is reached a closure is issued and then States issue further 

notices.  However, if a region goes over their quota that overage is deducted from their 

following year’s overall quota.  Each quota period receives an allocation and once the 

landing pattern indicates that the quota will be met prior to the predetermined end of the 

quota period the commercial fishery is closed.  Under these regulations a vessel may possess 

three thousand pounds (~ 1mt) of dogfish and is allowed to make one landing of spiny 

dogfish per day.  Additionally, there is no minimum size or any regulations regarding males 

and females (Spiny Dogfish Fishery Summary of Regulations).  Dogfish are caught using six 

and a half inch square or diamond mesh in the Northeast and Mid-Atlantic regions for both 

trawls and gillnets.  

 The current biomass of these females is indicated as being 60 percent of what is 

necessary to support maximum sustainable yield, which is occurring concurrently with a 

proposal to increase the quota for dogfish (NOAA FishWatch 2009).  The request for an 

increase in the quota appears illogical from a fisheries management perspective, because the 
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expectation would be for a quota decrease to be implemented if the population is only 60 

percent of what is necessary to have a ―sustainable‖ fishery. 

 

The Pacific Ocean 

 An ecosystem approach is now being implemented and an attempt to understand the 

role of the spiny dogfish in the marine ecosystem is being made by researchers.  A good 

analogy may be that dogfish are the equivalent of a scavenger, such as a crow, in the 

terrestrial ecosystem (Beamish et al. 2009).  In Canada, the Species At Risk Act prevents any 

acts that would lead to eradication of the species in Canadian territorial waters (Beamish et 

al. 2009).  The spiny dogfish has a directed fishery in Canadian waters and is managed under 

the groundfish integrated management plans (www.dfo-mpo.gc.ca).  In 2002, a TAC of 2,500 

mt was implemented and a five-year study was conducted, results of which do not seem to be 

available (www.dfo-mpo.gc.ca).  

 The dogfish fishery is extremely lucrative on the West coast of the U.S, bringing in 

millions of dollars.  The current management structure, developed in 1998, uses a co-

management strategy between local tribes in Washington and Oregon and the State 

government. However, management in Puget Sound is a challenge because of the 

US/Canadian border.  The hope is that a better form of cooperative management can be 

developed between Canada and the US in order to create a more sustainable fishery (Hauser 

et al. 2007). 

 Overall, the spiny dogfish has been important on both sides of the U.S. throughout 

recent history.  Its uses have varied as technologies and necessities have changed and these 

uses have adversely affected the species.  In order to create effective and sustainable 

http://www.dfo-mpo.gc.ca/
http://www.dfo-mpo.gc.ca/
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management and protection methods, further understanding of this species biology, life 

history, and genetics is necessary.   
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Chapter 2: 

Analysis of Trawl Data from the Gulf of Maine: Sex Ratios and Patterns in 

Individual Size 

 
Introduction 

 The spiny dogfish, Squalus acanthias, is a widely distributed species whose 

migrations in the western Atlantic Ocean are thought to be determined by water temperature 

and prefer a temperature range of 6-8°C (Collette and Klein-MacPhee 2002, Jensen 1965).  

Individuals are known to enter the Gulf of Maine (GoM) during late May and early June 

from locations south of Cape Cod as the water temperature increases and make their 

southward migration in October and November (Hisaw and Albert 1947, Jensen 1965).  It is 

also believed that dogfish overwinter either offshore or south of Cape Cod (Collette and 

Klein-MacPhee 2002).   Sustainable fisheries policy can be developed by understanding 

stock structure and individual movement because the distribution and movement of stocks 

could be discerned, as well as the size and year classes within those stocks.  

The species is important commercially and on the East coast of the US the fishery is 

managed through the use of a total allowable catch (TAC).  A TAC of 12 million pounds 

(~5,443 mt) is allocated to the East coast of the US with the Northeast, Maine to Connecticut, 

allotted seven million of those pounds (~3,175 mt).  The fishery, regardless of location, 

targets the larger sharks which, because of sexual size dimorphism, are disproportionally 

female.  A mature female weighs approximately eight pounds (~4 kg), therefore, a rough 

calculation suggests that 875,000 sharks are being removed from the population annually in 

the Northern region of the US fishery.  This has caused a shift in the size structure and 

abundance of this species in the Gulf of Maine towards a population with fewer and smaller 

individuals (Collette and Klein-MacPhee 2002).   
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This species is slow to rebound from fishing pressures since it has a slow growth rate 

(1.5-3.5 cm per year), late age at maturity, with the males maturing at six years and 60 cm 

and the females at 12 years and 80 cm, and they only produce an average of six or seven 

offspring per litter.  Additionally, the dogfish’s gestation period is the longest of any 

Elasmobranch, ranging from 18-24 months (Collette and Klein-MacPhee 2002).  All of these 

factors result in a slow recovery of depleted populations of dogfish. 

In order to conduct research with this species, MDIBL has a federal permit allowing 

them to take a predetermined number of sharks from a set location (Federal Permit #240139).  

These animals are sacrificed for physiological studies, but there is other useful information 

that can be obtained from these animals that may be unrelated to the primary study.  An 

example of this is a study by Lage et al. (2008) for which they took tissue samples from 

pregnant females and their pups and were able to show multiple paternity within litters, 

adding to the understanding of this species reproductive biology.  This chapter details 

research examining trawl data for three seasons (Spring, Summer, and Fall) in an effort to 

determine sex ratios and patterns in individual size in the Gulf of Maine to give insight into 

the biology and life history of the Northwest Atlantic dogfish population.   

 

Materials and Methods 

Trawl data were obtained from two sources: The Maine Departments of Marine 

Resources (ME DMR) and Mount Desert Biological Laboratory (MDIBL).  ME DMR 

conducts survey trawls every Spring (May-June) and Fall (October-November) as part of 

their Maine-New Hampshire Inshore Groundfish Trawl Survey, in which they often catch 

dogfish.  These trawls are conducted from New Hampshire up the coast of Maine to the 
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Canadian boarder and are divided into five geographic Regions, however, only Regions Two 

through Five have been used in this study (Figure 2.1).  During these surveys, data on the 

abundance, sex, and size of spiny dogfish has been recorded aboard the vessel by scientists or 

crew from 2005 to the present.   

MDIBL privately contracts a fisherman out of New Harbor, Maine to conduct trawls 

in the Summer, the height of their research season.  These trawls are conducted in Federally 

designated areas and the fisherman is only permitted to take 700 individual sharks each year 

(Figure 2.2)(Federal Permit #240139).  Since 2005, sharks were only taken from Area 1, the 

southern rectangular quadrat (Figure 2.2), and the size and sex of each individual shark was 

recorded by aquarium technicians upon reaching MDIBL.   

ME DMR uses a net that is modified from the shrimp nets used in the GoM, which 

have small mesh.  ME DMR’s main net is composed of two-inch mesh and the cod end is 

one-inch mesh, allowing them to catch many species without targeting any particular species 

(Sherman et al. 2005).  MDIBL trawls are conducted using a 70 foot (~21 m) otter trawl of 

four-and-a-half-inch (~11cm) mesh with three-inch mesh (~7 cm) in the cod end or a 70 foot 

(~21 m) net with two inch mesh (~5 cm) (Federal Permit #240139).    
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Figure 2.1: ME DMR Regions are based on geologic, oceanographic, and biological features (from 

Sherman et al. 2005). Stars indicating MDIBL and Portland, ME were added for the purposes of this 

report. 

 

 

Figure 2.2: Google Earth image with thumbtacks representing corners of two (C and D) Federally 

designated quadrats under permit number 240139.  Black lines indicate area boarders and yellow star 

indicates location of MDIBL.  

 

Area 1 

MDIBL 

Portland, ME 
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The ME DMR and MDIBL data were compiled and descriptive statistics were 

obtained for males and females in each individual trawl using Excel or SYSTAT 13.  From 

these statistics, two proportions were calculated for each trawl: the proportion of female 

dogfish and the proportion of females greater than 80cm, the approximate length at maturity.  

These results were then averaged for each day and regression tests were used to assess any 

trends within each of three seasons with Spring being considered May 1-June 21, Summer 

being June 22-September 22, and Fall as September 23- November 30; Winter data were not 

available. 

Seasonal average proportions were calculated by dividing the total number of females 

by the total number of sharks.  This prevents small trawl sizes from having a disproportionate 

affect on the overall seasonal average. 

 

Results 

Dogfish were very rarely caught in ME DMR spring trawls; in total, five out of 500 

trawls caught sharks resulting in only three days of non-zero data (Figure 2.5).  The only 

Regions in which sharks were caught in trawls were Regions Four and Five.  These data 

spanned approximately one week and did not indicate a significant trend, but did produce an 

average proportion female of 0.41 (Figure 2.5).  

Summer data came exclusively from MDIBL trawls and showed a declining 

relationship between trawl date and proportion female as the season progressed.  Females 

made up the majority of the trawls early, but decreased to 20 percent by late September 

(Figures 2.3, 2.5 and 2.6).  There was no trend in the relationship between date and 

proportion of females greater than 80 cm in length (p=0.6, Figure 2.4).  MDIBL caught more 
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males than females in four out of the five years they have trawled for sharks (Figure 2.7).  

Overall, there are more sharks during the Summer than Spring and Fall, and within Summer 

trawls more males are being caught than females the majority of the time, although this was 

not tested for significance (Figure 2.7). 

Sex ratio varied between the Mount Desert Island (MDI) and Midcoast regions during 

Fall trawls (ME DMR): for the MDI region (Regions Four and Five) proportion of females is 

40 percent (Figure 2.5), while trawls from the Midcoast (Regions Two and Three) found only 

25 percent females (Figure 2.6).  Fall trawls also yielded sharks as small as 21cm in length—

likely young-of-the-year.   
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Figure 2.3: Scatterplot showing proportion of females caught in MDIBL trawls over five years.  

Linear regression inicates significant relationship between date and proportion female y=-0.0043x + 

174.34, R
2
=0.1749, p=0.001. 
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Proportion of Females >80cm Caught in MDIBL Trawls from 2005-2009
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Figure 2.4: Scatterplot showing average proportion of females greater than 80cm per day for MDIBL 

trawls.  Relationship is not significant y=-0.01x + 42.385, R
2
=0.006, p=0.6. 

 

 

 
Figure 2.5: Proportion of females per day for three seasons only taking into account ME DMR 

Regions Four and Five and MDIBL trawls.  Trendline equation for Spring is not significant y=-

0.0185x + 748.59, R
2
=0.0713, p=0.828.  Trendline for Summer is significant y=-0.0037x+149.46, with 

R
2
=0.139 and p=0.01.  Trendline for Fall is not significant y=-0.0063x + 256.02, with R

2
=0.0143, and 

p=0.6. 
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Figure 2.6: Graph shows proportion female and seasonal averages over two seasons incorporating 

trawls from ME DMR Regions Two and Three and MDIBL trawls. Blue shaded area is summer and 

pink shaded area is fall. Trendline equation in blue box is y=-0.0037x+149.46, with R
2
=0.139 and 

p=0.01, trendline equation in pink box y=0.0017x – 68.171, R
2
=0.0018, p=0.86. 

 

 
Figure 2.7: Bar graph showing total number of males and females for each season each year. 
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Discussion 

 Due to the lack of sharks found during Spring trawls, when nearly 100 trawls are 

conducted each year from May-June, it is reasonable to conclude that dogfish are not 

remaining in near-shore areas in the Gulf of Maine year-round and that they migrate into the 

region during the Summer.  It is possible that the sharks are overwintering in deeper water 

further out to sea or in areas south of the GoM as suggested by Collette and Klein-MacPhee 

(2002). 

 MDIBL trawl data indicates that females migrate both into and out of the MDI area 

earlier than males, which has been reported generally for the GoM by other researchers 

(Hisaw and Albert 1947, Collete and Klein-MacPhee 2002).  Females are found in highest 

proportion in the Midcoast region in July and this proportion steadily declines throughout the 

Summer (Figures 2.3 and 2.6).   

Trawls conducted in DMR Regions Four and Five have a constant average proportion 

of females, 40 percent, throughout three seasons (Figure 2.5).  While analysis of DMR 

Regions Two and Three found average seasonal proportions of 40 (Summer) and 25 (Fall) 

percent (Figure 2.6).  These data suggest that the majority of the population in the GoM is 

male for most of the Summer and Fall.  Additionally, the presence of young-of-the-year in 

Fall trawls indicates that pups are likely being born in the GoM in the Fall.  

 Since females are more abundant in early Summer, they are most likely to be caught 

in trawls during that time; in order to protect this species it might be beneficial to close the 

fishery at the time when females are most vulnerable.  Currently, the TAC of seven million 

pounds (~3,175 mt) is divided into two six month fishing or quota periods—May 1-October 

31 and November 1 – Apr. 30.  Once the TAC for the period is reached the fishery is closed.  
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For the most recent fishing season, the first quota period was closed on September 27, 2009 

and the second quota period was closed on January 26, 2010.   

There may be an added risk for young-of-the-year in the Fall, since the fishery is 

active during months when births are occurring.  It is unclear whether pups found in Fall 

DMR trawls were born prior to being trawled or if they were born in the trawl or on deck as 

result of stress.  This behavior has been witnessed in similar situations at MDIBL when pups 

are often born with yolk sacs still attached after pregnant females are placed in aquaria 

(Michelle Bailey personal communication).  Information was not obtained from ME DMR on 

these occurrences; however, the mesh size of the ME DMR trawls would be capable of 

catching pups if they were present.  Maine DMR reports to the National Oceanic and 

Atmospheric Association have the small sharks listed as pups, which suggests that these were 

not sharks born on deck or while in the net. 

Overall, MDIBL has an insignificant impact on the population in the Northwest 

Atlantic as they are taking mostly males and are only permitted to remove 700 sharks each 

season, which is less than one tenth of one percent of the annual Northeast TAC (Figure 2.7).  

Even though the spiny dogfish is considered abundant in the western Atlantic, fishing 

pressures have altered the size structure and sex ratios of the population (Collette and Klein-

MacPhee 2002).   MDIBL’s research is having a trivial impact on Northwest Atlantic spiny 

dogfish populations; however, it is ethical and pragmatic to continue to look for ways to 

maximize the use of fish sacrificed for research. 
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Chapter 3: 

Examining Litters and Pregnant Females: Patterns in the Reproductive Biology 

of the Spiny Dogfish 

 
Introduction  

 Understanding the reproductive biology of a species is critical to identifying both 

their population dynamics and how they might respond to exploitation or environmental 

change.  In the Gulf of Maine, the spiny dogfish is the focus of a commercial fishery and is 

an important ecological component of the demersal community.  Like many sharks, the spiny 

dogfish gives birth to live young and may have a different response to fishing compared to 

bony fishes that make up the majority of commercially landed groundfish.  The spiny dogfish 

is extreme in other components of its reproductive biology: it has the longest gestation period 

of any vertebrate (18-24 months), slow growth (1.5-3.5 cm/yr), small litter size (6-7 

young/litter), late age at maturity (six years for males, 12 years for females), two uteruses, 

and multiple paternity (Collette and Klein-MacPhee 2002, Lage et al. 2008), all of which 

contribute a great deal to the dogfish’s lack of resilience following exploitation, however, the 

main factor is its late age at maturity (Smith et al. 1998).  The dogfish’s lack of resilience is 

compounded by the female’s nearly two year interval between pupping, which halves the 

effective fecundity of a female compared to a 12 month gestation period (Smith et al. 1998).   

However, components of the dogfish’s reproductive biology can be both beneficial and 

detrimental, since the late age at maturity allows the dogfish to attain a larger size, and thus 

increase its fecundity and produce healthier pups (Smith et al. 1998).   

The dogfish’s ability to store sperm is another component of the dogfish’s 

reproductive biology that has yet to be fully understood.  Since this species exhibits multiple 

paternity (Lage et al. 2008), in the event that all pups in a single litter are at the same 



23 

 

developmental stage, one possibility is that females store sperm for a period of time in order 

to fertilize their eggs at the same time.  Another possibility is that mating with multiple males 

occurs sequentially, in a single breeding event. 

Even with these distinct characteristics, little recent data are available for dogfish 

found in the Gulf of Maine (GoM) and fish collected for research at MDIBL offer 

verification and expansion on past research done on the reproductive biology of the dogfish.  

In particular, data on fish size, litter size, sex, reproductive status of individual fish, and 

offspring size for sacrificed fish can be gathered relatively easily.  Taking advantage of this 

source of specimens, Lage et al. (2008) have recently published a report demonstrating that 

dogfish can have multiple paternity within a litter by using tissue samples from dogfish 

sacrificed for other research purposes at MDIBL.  

 In this chapter, the materials and methods section will summarize a comprehensive 

study conducted by Hisaw and Albert (1947) in the Gulf of Maine, where they examined 

reproductive patterns in the dogfish, followed by the methods used during a two-month 

period in 2009 where data were collected from litters and mature females.  An examination 

of four different aspects of the dogfish’s reproductive biology was conducted and the 

outcomes are delineated in the results section.  The final section is a discussion of these 

results and how they relate to other studies conducted in both the Gulf of Maine and other 

portions of the dogfish’s range, as well as the implications of these results. 
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Materials and Methods  

One of the most recent reproductive studies focusing on GoM dogfish was published 

in 1947 by Hisaw and Albert.  In the study, they took dogfish as the females passed Cape 

Cod on both their northward and southward migrations.  Four distinct developmental stages 

were observed: Stage A, Stage B, Stage C, and Stage D.  These stages are described by 

embryo length, embryo wet and dry weight, and size of developing ovum, or egg.  The stages 

are as follows: 

Stage A: The embryos are encased in a single membrane called a ―candle.‖  Within 

this candle all the embryos are at the same stage of development.  It was also observed that 

there was a candle in each uterus containing 1-4 developing embryos.  Additionally, when 

the ovaries are examined at this stage approximately 50 (sometimes more) small, white, pea-

sized, marble-like ovas are found.  This would indicate that ovulation has occurred recently, 

hence the developing candles in the uterus. 

Stage B: Although the embryos are still contained inside a membrane, 

developmentally they are much further along ranging from 3.5-7.5 cm, and their average 

individual wet weight is approximately 40 g.  At this stage, the uterus may contain ova that 

are about the size of a Concord grape.  These also take on a yellow color because they are 

beginning to store yolk. 

Stage C: The pups have large independent yolk sacs and are no longer contained 

within the membrane and are free in the uterus.  These pups range in size from 12-20 cm and 

oftentimes there is a range of yolk sac size even within pups of the same length.  The weights 

of the pups with their yolk sac ranges from 30-60 g.  Each ovary at this stage contains 2-3 
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larger ova, but the total does not exceed 8-9 ova, and they are not always split equally 

between the two ovaries. 

Stage D: The female has already given birth, therefore, her uteri are empty or the 

female is carrying very large pups 23-29 cm long with a wet weight of 55-85 g.  Some of 

these pups will no longer have a yolk sac or if they do, it is very small.  At this stage the ova 

are much larger than they were at stage C, about 3 cm in diameter. 

Hisaw and Albert (1947) concluded that Stage A and Stage C are seen in females 

arriving off the coast of Massachusetts in May.  Additionally, any female over 80 cm, 

average length at maturity, is almost always pregnant and in either Stage A or Stage C.  Stage 

B and Stage D are encountered in October and November as the animals are presumably 

migrating south.  Based on this information, they suggested that ovulation and fertilization 

occurs in February or March (Figure 3.6).  However, for the purposes of this study, only the 

measurements of embryo length, wet weight, and diameter of developing ovum were used.   

During the months of June and July 2009, S. acanthias specimens taken from the Gulf 

of Maine were sacrificed for research purposes at MDIBL and the females were often 

pregnant.  The candles or pups would be removed from the uteri and placed in a bucket of 

salt water.  Each individual pup was measured (in centimeters) then placed in a second 

bucket of water on a scale where a wet weight (in grams), with the yolk sac attached, was 

obtained.  If the embryos were still in candle form, the number of embryos in each candle 

was noted and, if it was possible, the length of the embryo was also taken. 

The data were compiled using Excel, and average lengths and standard deviations 

were calculated for each litter.  Data were then presented graphically to look for trends 
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between characteristics such as pup length, ovum diameter, female length, size of liter, and 

pup weight.  

Additionally, the shell gland or oviduct was also removed from the female to be 

examined for the presence of sperm.  The shell gland is where a casing is excreted over the 

eggs before they enter the uterus.  It is likely that fertilization takes place here since this has 

been observed in other shark species (Pratt 1993).  To determine if sperm were present in the 

shell gland, scrapings were taken from the inside of the gland and placed onto clean slides 

with a drop of water and covered with a slide cover.  Slides were examined at multiple power 

levels using a compound microscope.  Another method was also attempted to look for 

sperm—paraffin embedding.  A whole shell gland was sectioned and embedded in paraffin in 

preparation for slicing, placement on a slide, and staining.   

 

Results 

An examination of the distribution of pup lengths revealed a distinct bimodal 

distribution with pups, from MDIBL in June and July 2009, falling in one of two stages—

early stage embryos contained within a candular membrane or near full-term embryos 16-22 

cm in length (Figure 3.1).  Within a female, candles and larger embryos were never present 

within a single litter (n of females = 38).  Larger embryos averaged 20 cm in length 

throughout the two-month period (SD ± 0.6cm, n of embryos=61).  Embryo lengths were 

divided into categories (Candles, <9.9 cm, 10-19.9 cm, >20 cm) and compared to ovum 

diameters, revealing that as pups increased in length, the diameter of the developing ovum 

did as well (Figure 3.2).  The data also suggests a slight increase in pup number with an 
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increase in female length (Figure 3.3) and an increase in embryo weight with length (Figure 

3.4).   

The scrapings did not yield any sperm, and the one shell gland that was embedded in 

paraffin has yet to be stained for sperm. 
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Figure 3.1: Pups per length class (n=76). The 0 category is any candles that did not have a visible 

shark(s) and those sharks found in the 1 cm and 3 cm length catagories were still in a candular 

membrane. 
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Figure 3.2: The average ovum diameter of pups in certain size classes (n=76).  Error bar represents ± 1 

standard deviation. 
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Figure 3.3: Graphical comparison of number of total pups or embryos in each female by length 

(n=28).   
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Figure 3.4: The length of individual pups in relation to their weight (n=57). 

 

Discussion 

An effort was made to apply the data collected in this study to the stages described by 

Hisaw and Albert (1947) who found that of the four stages they described (see methods 

section), two stages would appear together at certain times in the season.  The dogfish has a 
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20-22 month gestation period, therefore, it makes sense that two distinct stages will be seen, 

indicating alternate years of gestation. 

Additionally, Demirhan and Seyhan published a study in 2006 conducted in the Black 

Sea looking at the average pup size at birth and the seasonality of reproduction and 

development with a focus on the timing and depth of parturition, mating, and ovulation 

(Figure 3.5). 

 

   
Figure 3.5: Graphical representation of development during S. acanthias gestation period in the Black 

Sea (Figure 8 from Demirhan and Seyhan 2006). 
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Figure 3.6: Gestation period of S. acanthias in the GoM based on conclusions in Hisaw and Albert 

(1947). 

 

 

The developmental timeline seen in Demirhan and Seyhan (2006) does not directly 

correlate to that described by Hisaw and Albert (1947)(Figure 3.6), although the same stages 

are present.  In the Black Sea, fertilization occurs in August (Figure 3.5) while it is not 

believed to occur until January, February, or March in the Western Atlantic (Figure 3.6).   

This indicates that the timing of reproductive events will vary by approximately five months 

between the two locations.  This is resonable because between the Black Sea and the Gulf of 

Maine factors such as temperature, food availability, and migration patterns will vary, 

however, the length of gestation remains consistent between studies.  Both studies lend 

support to the statement that females are typically in alternate years of gestation.   

The  presence of a single stage within a litter indicates that the female is only 

developing one litter at a time.  It is reasonable to conclude that pups are fertilized in 

February, since the candular membrane is present for the first 4-6 months of gestation and 

these samples were taken in June and July.  Pups are born 20-22 months later, possibly in the 

Gulf of Maine (this study—Chapter 2).  Pups greater than 22.5 cm were not encountered but 
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since observations stopped at the end of July, this is not surprising as Hisaw and Albert 

(1947) did not find pups at Stage D until October or November (Figure 3.6). 

To look at embryonic growth and ovum development, Demirhan and Seyhan (2006) 

used non-linear regressions, which showed that as the diameter of the ovum increased so did 

the weight of the embryo, and as the length of the embryo increased so did its weight, from 

which you can infer that as the length of the embryo increased so did the diameter of the 

ovum.  The trend seen in these data is not as pronounced as in Demirhan and Seyhan (2006), 

but supports the statement that as embryo length increases so does ovum diameter.  

Fertilization may be occuring from October – January, which is supported by the presence of 

young of the year in fall trawls (this study—Chapter 2) and the likelihood that after birth, 

development of the next litter begins in February.  The presence of developing eggs during 

gestation also indicates that the female has consecutive pregnancies suggesting that shortly 

after birth fertilization occurs.  Demirhan and Seyhan (2006) reference Gauld (1979) who 

implies that ovulation follows mating by about four weeks.  Sources have suggested that 

copulation occurs offshore during the winter months in the Gulf of Maine (Collette and 

Klein-MacPhee 2002) and this study supports the proposed timing of copulation.  

There are multiple theories about where moms actually give birth because different 

researchers have found that birth occurs offshore, in mid-water, and in the shallows 

(Demirhan and Seyhan 2006) and this topic was not addressed in this study, however, it does 

warrant further study since it would give insight into the vulnerability of pups to fishing 

mortality.   

Studies have found that as the length of the female increases so does the number of 

pups within a litter (Collete and Klien-MacPhee 2002, Demirhan and Seyhan 2006), and 



32 

 

although data in this study do show this trend, the trend is not statistically significant.  

Additionally, studies show that as the length of pups increase so does their weight (Demirhan 

and Seyhan 2006), which would also be intuitive.  This is supported by the data in this study; 

again, though, the trend does not seem to be as strong as the relationship found in previous 

studies.   

Since the dogfish can exhibit multiple paternity, it is possible that the female may 

store sperm, thus allowing her to fertilize all her eggs at the same time.  An attempt was 

made to find sperm stored within the female’s shell gland, however, nothing was found.  This 

may be due to two factors: no sperm was present or improper tehcnique.  It is likely that there 

was no sperm present since fertlization is occuring in the winter months and these samples 

were collected in June and July, therefore, copulation was not recent and was not taking 

place during this time.  This suggests that females do not store sperm throughout a gestation 

period, as is seen in other shark species (Pratt 1993).  This may also indicate that females 

mate sequentially with males in a single breeding event, and all the eggs are fertilized at that 

time. 

There are clearly many intricacies of the dogfish’s reproductive biology that have yet 

to be understood (e.g. sperm storage, location of paturition).  This study was able to shed 

light on some of those intricacies and support trends reported by other researchers.  By 

gaining further understanding of the dogfish’s reproductive biology hopefully, a more precise 

calculation can be made about the dogfish’s response to exploitation.  Until then, it is 

pertinent that conservative and ecological approaches be used for the management of the 

dogfish fishery. 
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Chapter 4: 

Genetic Differences between Atlantic and Pacific Spiny Dogfish 

 
Introduction  

Genetic diversity within a species’ range can be influenced by many factors including 

hybridization, genetic drift, natural selection, gene flow, sexual selection, and speciation 

which can be caused by geographic, oceanographic, or biological features that prohibit or 

encourage mixing of groups or individuals (Avise 2004, Grosberg and Cunningham 2001).  

Fishing pressures may also influence the genetics of a species, by reducing the number of 

individuals and, thus, a portion of the genetic diversity.  These factors affect the rate and 

scale on which genetic structure occurs (Grosberg and Cunningham 2001).  Individuals or 

groups of the same species can differ genetically throughout their range.  Within a 

population, genetic variation is important because, in some cases, it has been positively 

correlated with reproductive success (Avise 2004, Freeman and Herron 2007).  Additionally, 

low genetic variation can increase a species’ susceptibility to infectious diseases and 

parasites, which could decrease species fitness and survival (Avise 2004).  Some differences 

in the morphology of individuals within a species can be seen between locations; however, 

these might reflect phenotypic responses to the environment that do not reflect differences in 

the genetics among populations.  Because of this, examining the phenotypes of individuals is 

not always an accurate way to determine the distribution of genetic variation among 

populations of a species (Avise 2004), and molecular genetic techniques are more useful to 

differentiate genetic structure of populations throughout a species’ range. 

As discussed in previous chapters, the dogfish is distributed both above and below the 

equator (Figure i), suggesting that the warm equatorial waters are a barrier to migration and 
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likely, gene flow.  If this is the case, North Pacific dogfish would vary genetically from 

South Pacific dogfish and the same would be true in the Atlantic; however, if South Pacific 

and South Atlantic dogfish mix they should be similar genetically.  Using three portions of 

the spiny dogfish genome, this chapter discusses the population genetics of spiny dogfish 

from several ocean basins. 

The use of genetic information for investigating population genetics and discerning 

relatedness has been gaining popularity because, in some cases, genetics provides simple and 

less expensive way to answer a wide range of questions, such as; where and how far does an 

individual migrate?  Does a species exhibit multiple paternity?  What is the regional 

population structure of the species?  Does maternal or paternal philopatry exist?  Recently the 

use of a lone gene sequence as a species ―barcode‖ has become popular, as it allows 

researchers to differentiate between species using only genetic information (Herbert et al. 

2003 as cited in Ward et al. 2005).  Other commonly used pieces of genetic information for 

population level studies are microsatellites, from nuclear DNA, and the d-loop or control 

region from mitochondrial DNA (mtDNA), though, other pieces of genetic information can 

be used as well (Avise 2004, Hauser 2009).  Different types of molecular assays can be 

applied to answer numerous genetic questions with varying temporal scales (Avise 2004). 

Determining multiple paternity and population structure can be done using 

microsatellites (Avise 2004).  Microsatellites are tandem, triplet, or often quadruple repeats 

of nucleotides that can be used for within population variation assessments (Avise 2004).  

The fast mutation rate of microsatellites makes them better for investigation of change over 

short temporal scales because any genetic ―footprint‖ left from a bottleneck or change in 

genetic structure may not last long (Avise 2004).  Microsatellites, which are transmitted in 



35 

 

standard Mendelian fashion, are sequenced and size scored to determine base pair (bp) 

length, with each unique length considered a unique allele at a locus, which can then be 

compared between individuals or groups of individuals.   

MtDNA is passed through the maternal lineage, making it useful for accessing direct 

maternal ancestry (Freeman and Herron 2007).  Portions of the mitochondrial genome—such 

as the control region (also known as the d-loop) and the Cytochrome c oxidase subunit I gene 

(COI)—can be sequenced and aligned with sequences of the same DNA region in other 

individuals or other species to determine the amount of variation within and between 

populations, which is a proxy for the relatedness of individuals and populations.  

MtDNA evolves rapidly, although not as rapidly as microsatellites, because of an 

inadequate mutation repair procedure (Avise 2004).  As a non-protein coding region, the d-

loop evolves faster than other portions of the mitochondrial genome, such as COI, and both 

can be used to examine longer temporal scales (Avise 2004).  Cytochrome c oxidase is a 

protein involved in the mitochondrial electron transport system (Avise 2004) and has a 

comparatively slow rate of evolution and has been referred to as a ―barcode‖ to tell species 

apart (Ward et al. 2007).  There is currently an online database, Barcoding of Life Data 

Systems (BOLD Systems, www.barcodinglife.org), that is attempting to barcode every 

species.   

The use of COI has been criticized for determining relationships among closely 

related species, in part, because of its slow rate of evolution, which can make it difficult to 

separate phylogenetic groups and closely related species.  This is why the 900bp d-loop 

portion is often used for determining discrete phylogenetic relationships (Avise 2004).   

http://www.barcodinglife.org/
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To further understand the spiny dogfish’s global genetic variation, COI and d-loop 

sequences from populations of S. acanthias in Frenchman Bay, the Shetland Islands (UK), 

and the North Pacific were collected and compared, giving insight into the migration, genetic 

diversity, and evolutionary patters of this important species.  Additionally, a basic analysis of 

seven microsatellites was conducted using microsatellite primers developed by McCauley et 

al. (2004).  Since this work was conducted, more extensive projects examining these same 

patterns and hypothesizing the origin of the species have been published by Hauser et al. 

(2009) and Verimissio et al. (2010).  What follows is a summary of work conducted at 

MDIBL in the winter and summer of 2009 and a comparison of the results with recently 

published data. 

 

Materials and Methods  

Analysis of COI, d-loop, and microsatellites was done with samples from the Gulf of 

Maine, the Shetland Islands, and two locations in the North Pacific where the fish collections 

of the University of Washington and the Scripps Institute of Oceanography were kind enough 

to donate tissue samples.  DNA was extracted from these tissues using the QIAGEN DNeasy 

Tissue Kit and resulting DNA concentrations were determined using a NANODrop 

Spectrophotometer.  To expand the dataset, previously published sequences were included 

from two online databases—National Center for Biotechnology Information (NCBI, 

www.ncbi.nlm.nih.gov) and Barcode of Life Data Systems (BOLD Systems, 

www.barcodinglife.org).  

 

 

http://www.ncbi.nlm.nih.gov/
http://www.barcodinglife.org/
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d-loop 

Sequences from the University of Washington, collected in the Northeast Pacific 

(n=3), Scripps Institute of Oceanography, collected off the California coast (n=3), Iceland 

(n=1), the Shetland Islands (n=5), and the Gulf of Maine, collected in 2009 (n=9), were used 

in this analysis.  An additional 84 sequences were obtained from Gulf of Maine sharks in 

2004 and 2007, which were sequenced by Max Simard and Dr. Charlie Wray, and compiled 

to give a total of 105 sequences.  DNA samples were amplified using Polymerase Chain 

Reaction (PCR) with 25μl reactions composed of 12.5 μl of Sigma RedTaq ReadyMix 

(buffer, nucleotides, MgCl2, Taq DNA polymerase, and loading dye for visualization on 

agarose gels), 11.5 μl nuclease-free water, 0.5 μl of 10μm forward primer, and 0.5 μl of 

10μm reverse primer.  For each reaction, 1μl of DNA was added.  The reactions were run on 

a BIO-RAD DNAEngine Peltier Thermo Cycler, using an annealing temperature of 52°C 

with the cycle parameters as follows: Step 1) 94°C for four minutes, Step 2) 94°C for one 

minute, Step 3) 52°C for one minute, Step 4) 72°C for one minutes, Step 5) Repeat steps 2-4, 

39 times, Step 6) 72° for four minutes, Step 7) Hold at 4°C. The PCR products were 

visualized on 1.2 or 1.5 percent agarose gels.  Successful amplifications were prepped using 

the ExoSAP-IT protocol and submitted for sequencing.  Two 24 μl submissions were created 

for each individual with one submission for the forward sequence and the other for the 

reverse.  Each tube contained 3μl of the ExoSAP-IT reaction, 2 μl of 4 μm primer, and 19 μl 

of sterile water.  These were submitted to the DNA Sequencing Center at Mount Desert 

Biological Laboratory for ABI 3130 dideoxy sequencing and the resulting sequences were 

aligned with ClustalW2 on the European Bioinformatics Institute website (www.ebi.ac.uk).  

http://www.ebi.ac.uk/
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The output data from ClustalW2 was converted into a .pir file and analyzed with the 

program DNA Sequencing Polymorphism (DnaSP).  In this program, the Gene Flow and 

Genetic Differentiation tool was used to compare populations.  The first analysis compared 

the Gulf of Maine sequences to the Shetland Islands while the second compared the Atlantic 

and North Pacific sequences.  Additionally, the ClustalW2 output was saved as a text file and 

used to create a phylogenetic tree using the program TreeViewX. 

Using the program DnaSP, the number of haplotypes, haplotype diversity (h), and 

percentage of combined nucleotide variation (%T) were calculated.  The number of 

haplotypes reveals the number of unique gene sequences for a particular portion of the 

genome within the group of individuals that were sampled and the haplotype diversity is a 

measure of the mean percentage of individuals that have different haplotypes for a particular 

loci or portion of their genome (Avise 2004).  The percentage of combined nucleotide 

variation is a measurement of the differences in nucleotides within a sequence as compared 

to other individuals within the population.   These measurements allow the diversity both 

within and between populations to be calculated. 

 

COI 

The same analysis used for d-loop was conducted with the COI sequences, but the 

analysis included samples from the University of Washington (n=3), Scripps Institute of 

Oceanography (n=1), the Gulf of Maine (n=9), the Shetland Islands (n=5) and 30 sequences 

published on the BOLD and the NDBI databases (www.barcodinglife.org, 

www.ncbi.nlm.nih.gov) for a total of 48 sequences. 

 

http://www.barcodinglife.org/
http://www.ncbi.nlm.nih.gov/
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Microsatellites  

 DNA extractions taken from tissue samples donated by the University of Washington 

(n=3), the Scripps Institute of Oceanography (n=3), and the Shetland Islands (n=5) were 

amplified for seven microsatellite loci using PCR.  PCR cocktails were the same as used for 

d-loop and COI with each 25 μl reaction composed of 12.5 μl of Sigma RedTaq ReadyMix, 

11.5 μl nuclease-free water, 0.5 μl of 10 μm forward primer, 0.5 μl of 10 μm reverse primer, 

and 1 μl of DNA.  The seven loci used were: U285, V296, T289, U273, J451, J445, and 

H434 (McCauley et al. 2004).  Two programs were used for PCR on a BIO-RAD 

DNAEngine Peltier Thermo Cycler as loci varied in annealing temperature with U285, V296, 

T289, U273, and J451 annealing at 52°C (DF1), and J445 and H434 annealing at 59°C 

(DF2).  Program DF1 was composed of the following steps: Step 1) 94°C for five minutes, 

Step 2) 94°C for one minute, Step 3) 52°C for one minute, Step 4) 72°C for one minutes, 

Step 5) Repeat steps 2-4 35 times, Step 6) 72°C for five minutes, and Step 7) Hold at 4°C.  

DF2 was as follows: Step 1) 94°C for five minutes, Step 2) 94°C for one minute, Step 3) 

59°C for one minute, Step 4) 72°C for one minute, Step 5) Repeat steps 2-4 35 times, Step 6) 

72°C for 15 minutes, and Step 7) Hold at 4°C.  PCR products were visualized on 1.5 percent 

agarose gels and successful amplifications were setup to run on an ABI Automated 

Sequencer.  For each individual, 40 μl primary dilutions were created that combined two or 

three loci resulting in three primary dilutions per individual.  Dilutions consisted of 2-4 μl of 

PCR product and 34 μl sterile water.  The final 12.6 μl cocktail took 2 μl of the primary 

dilution and added 10 μl HiDi Formamide and 0.6 μl ROX size standard, resulting in three 

cocktails per individual, which could then be submitted for sequencing.  Sequencer base 

calling results were scored using PeakScanner Software Version 1.0 and when stutter was 
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present the right peak was scored.  Expected and observed heterozygosities were calculated 

using Microsatellite Analysis, macros, for Excel.  These measurements calculated the 

frequencies of alleles, bp length in this case, assuming the population is in Hardy-Weinberg 

equilibrium.  

 

Results 

d-loop 

A phylogenetic tree was produced by the program TreeViewX using the d-loop 

sequences.  The phylogenetic tree shows a separation between the Atlantic and North Pacific 

sequences because North Pacific samples are located on an independent branch without any 

South Pacific or Atlantic sequences (Figure 4.1).  However, the North Pacific samples are a 

monophyletic clade embedded within a larger tree (Figure 4.1).  In some cases, distinct 

groupings of haplotypes from one area were seen, while other times identical haplotypes 

occurred in multiple geographic areas.  It is also of note that the Shetland Islands sequences 

did not group as their own clade and were interspersed with the other Atlantic sequences.  

The tree also shows that there are GoM samples that are more closely related to the North 

Pacific samples than to other GoM samples.  Additionally, the tree and table also indicate 

dramatic differences among Atlantic individuals (Figure 4.1, Table 4.1). 

The analysis between the Gulf of Maine and the Shetland Islands revealed that there 

are two specific haplotypes, identical sequences, shared between the Gulf of Maine and the 

Shetland Islands (Table 4.1).  If there was no overlap between areas than the 52 Gulf of 

Maine and the five Shetland Islands haplotypes would equal the expected 57 haplotypes.  

However, there are two haplotypes appearing in both locations.  When Atlantic and North 
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Pacific sequences are compared there are no haplotypes appearing in both of the populations 

(Table 4.2).   
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Figure 4.1: Phylogenetic tree using d-loop sequences. Red box indicates location of North Pacific 

samples, green lines indicate location of Shetland Island samples, blue line shows Icelandic sample 

(SIO: Scripps Institute of Oceanography, UW: University of Washington, SIS: Shetland Islands, Y: 

Iceland. #F/M-yr: Gulf of Maine). 

SIS 

SIS 

SIS 

SIS 

SIS 

Iceland 
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Table 4.1: Within and between population data for the d-loop analysis of two Atlantic populations—

the Gulf of Maine and the Shetland Islands. n: number of samples, h: haplotype diversity, %T: 

percentage of combined nucleotide variation. 

Population n No. Haplotypes h %T 

Gulf of Maine 94 52 0.97232 0.392  

Shetland Islands 5 5 1.00000 0.544  

Combined 99 55 0.97279 0.00398 

 

 

Table 4.2:  Within and between population data for the d-loop analysis of the Atlantic and the North 

Pacific populations. (See Table 1 for variable definitions) 

Population n No. Haplotypes h %T 

North Pacific 6 6 1.00000 5.117  

Atlantic 100 55 0.97232 0.400 

Combined 106 61 0.97538 0.00774  

 

 

COI 

 A phylogenetic tree produced using the COI sequences indicated a separation 

between the North Pacific and Atlantic samples, however, as with the d-loop tree, the North 

Pacific samples are embedded within the GoM samples (Figure 4.2).  In both cases, this may 

be an artifact of the large number of GoM samples and minimal number of North Atlantic 

samples, as well as lack of phylogenetic polarity in the tree.  The Shetland Island samples 

mostly grouped together in this phylogeny and the Gulf of Maine samples were grouped 

together with samples from other locations (Japan, Argentina, and Australia/Tasmania).  It is 

also of note that samples from Australia/Tasmania had the same haplotype as samples from 

Argentina and the GoM (Figure 4.2).  

There is a single haplotype shared between the Gulf of Maine and the Shetland 

Islands populations (Table 4.3), while none are shared between the North Pacific and 

Atlantic populations (Table 4.4).  Both sets of comparisons revealed high combined 

haplotype diversity (Tables 4.3 and 4.4). 
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Figure 4.2: Phylogenetic tree using COI sequences.  Red box indicates location of North Pacific 

samples, green lines are Shetland Island sequences. (DQ: Australia/Tasmania, FM: Sample from 

Milan, Italy fish market, EU: Argentina, EF: USA or Japan, GoM: Gulf of Maine, SIS: Shetland 

Island, SIO: Scripps Institute of Oceanography, UW: University of Washington) 

 

 

 

Table 4.3: Within and between population data for the COI analysis of two Atlantic populations—the 

Gulf of Maine and the Shetland Islands. (See Table 1 for variable definitions) 

Population  n No. Haplotypes h %T 

Gulf of Maine 9 7 0.94444 0.47  

Shetland Islands 5 2 0.40000 0.074  

Combined 14 8 0.82418 0.00339 
 

 

Table 4.4: Within and between population data for the COI analysis of the Atlantic and North Pacific 

populations. (See Table 1 for variable definitions) 

Population n No. Haplotypes h %T 

North Pacific 13 7 0.73077 0.339 

Atlantic 14 8 0.82418 0.339  

Combined 27 15 0.89459 0.00627 

 

 

 

 

 

 

 

 

SIS 

SIS 

SIS 

Individuals with identical sequences 
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Microsatellites  

Most loci were amplified for all individuals, with an occasional absence of one or a 

few loci for an individual.  For those that did amplify properly, a table of the genotype scores 

(bp length) for each locus was created (Table 4.5).  This study found that two loci indicated 

alleles that were only present in a single population—U285 and V296 (Table 4.5).  At loci 

U285 allele 203 only appeared in the North Pacific samples and alleles 165 and 168 at loci 

V296 were only present in the North Pacific. 

The statistical analysis of three sets of sequences—the Shetland Islands, the Scripps 

Institute of Oceanography, and the University of Washington—revealed that the 

heterozygosity within the Scripps samples was not as high as was expected while the other 

two populations’ observed heterozygosities approached the expected heterozygosity (Table 

4.6).  When the North Pacific (combined Scripps and University of Washington samples) and 

the Shetland Islands were compared the observed heterozygosities approached the expected 

heterozygosities (Table 4.7).  

Table 4.5: Alleles for all seven loci and allele size range data from the Gulf of Maine (GoM), the 

Shetland Islands (SIS), the Scripps institute of Oceanography (SIO), and the University of Washington 

(UW).  The blank cells are loci that didn’t amplify properly for that particular DNA sample. 

DNA Sample  U285 V296 T289 U273 J451 J445 H434 

SIS #1  247/251 268/270  110/122 189/192 274 191/206 

SIS #2  238/247 229/249  113 193 283 206 

SIS #3  247/249 230  116/123 192 274/283 213/219 

SIS #6  223/249 263/268 192 115/117  272/283 210 

SIS #17  247/249 266/268 192 116/129 188/192 274/283 206/215 

SIO #1  247/249 268  127 191 274/276 213/217 

SIO #222  203 165/168 189/192 123/125 197 262/283 207 

SIO #223  203  192 92 197/204 283 207 

UW #1  247/249 266/268 192 125/133 192 266/276 213/216 

UW #2  247 266/268 189 123/129 187/191 267/276 210/213 

UW #3  249/51 266/268 189/192 130 188/191 270/276 206/227 

GoM   215-250 190-268 181-206 91-134 185-205 252-317 189-227 
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Table 4.6: Expected and observed heterozygosity for three populations: the Shetland Islands (SIS), the 

Scripps institute of Oceanography (SIO), and the University of Washington (UW). 

Population Expected Hz Observed Hz 

SIS 0.7161 0.6143 

SIO 0.7048 0.4286 

UW 0.7810 0.7619 
 

 

Table 4.7: Expected and observed heterozygosity for the North Pacific (NP) population and the 

Shetland Islands (SIS). 

Population Expected Hz Observed Hz 

SIS 0.7161 0.6143 

NP 0.7882 0.6000 
 

 

Discussion 

d-loop and COI 

Analyses of COI and d-loop indicate that in the Atlantic Ocean there is mixing 

between the populations in the Gulf of Maine and the Shetland Islands.  This is demonstrated 

by the low percentage of combined nucleotide variation in both the COI and d-loop 

analyses—0.00339 and 0.00398, respectively.  This is further supported by the number of 

haplotypes: In the d-loop analysis there are two haplotypes that can be found in either the 

Shetland Islands or Gulf of Maine populations, while the COI analysis indicates that there is 

one haplotype that can be found in both populations.  Therefore, there is likely migration 

between these two populations. 

The haplotype diversity, though, is rather high between the Gulf of Maine and 

Shetland Islands samples (0.97279 for d-loop and 0.82418 for COI, Table 4.1 and 4.3) and 

between the Atlantic and North Pacific populations (0.97538 for d-loop and 0.89459 for COI, 

Table 4.2 and 4.4).  However, the haplotype diversity between the Atlantic and North Pacific 

populations is higher than between the Gulf of Maine and the Shetland Islands, which may be 
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suggestive of a more distinct separation. These results could be an artifact of small sample 

size or indicate only a minimal amount of mixing between individuals from these locations.  

Regardless, high haplotype diversity is a positive result since higher genetic diversity can 

help the population survive throughout evolutionary time by buffering the population against 

disease, environmental change, food availability, and migration capability (Avise 2004).  

The comparison of the North Pacific (SIO and UW) and Atlantic (SIS and GoM) 

samples for d-loop and COI indicates a greater percentage of nucleotide variation (0.00774 

for d-loop and 0.00627 for COI), than between Gulf of Maine and Shetland Island samples.  

This suggests that the North Pacific and Atlantic populations are more divergent from one 

another than the GoM and the SIS populations.  The phylogenetic trees indicate a genetic 

divide between the Atlantic and North Pacific regions, however, the North Pacific samples 

are not as distantly related to the Atlantic samples as initially expected.  The embedded clade 

of North Pacific animals demonstrates that a genetically distinct North Pacific population 

exists; however, due to small Pacific sample sizes and a lack of outgroup sequences it is not 

possible to hypothesize which ocean basin is ancestral for the species.   

The findings of this study differ slightly from other recently published studies, which 

found that both the North Pacific and South Pacific-Atlantic populations were each 

monophyletic clades (Hauser 2009, Verissimo et al. 2010, Ward et al. 2007), while this study 

found that the Atlantic population was paraphyletic with the North Pacific clade embedded 

within it.  These studies supported the possibility of two populations—the North Pacific as 

one distinct population and the South Pacific and Atlantic as another genetically distinct 

population (Figure 4.3) (Hauser 2009).   
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The genetic data presented by Ward et al. (2007) also supports the presence of two 

distinct clades (Figure 4.4). The available references for the tissue samples only indicate they 

were from the United States, therefore, no geographical distinction could be made since it is 

unclear whether the United States samples were from the Atlantic or Pacific Ocean (Ward et 

al. 2007, Accessory Publication). 

 

 
Figure 4.3: Phylogenetic trees created by Hauser from d-loop and COI sequences (Hauser 2009). Tree 

on left created using d-loop sequences and tree on right created using COI sequences. 
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Figure 4.4: Phylogenetic tree created by Ward et al. in a 2007 publication. Summary bars were 

 added for ease of interpretation in this document. 

 

 

 

Microsatellites 

 

Due to the small sample size in this study, a quantitative analysis was not conducted 

of the microsatellite data.  However, a qualitative assessment has been done and publishing 

this data will make it available to other researchers should they conduct a similar study.   

Microsatellite heterozygosities show how homogenous the different populations are 

and the closer the heterozygosity is to one the more mixing with other populations may be 

occurring.  Microsatellite data could also be used to distinguish between populations by 

comparing the results from this study to published data, which allows us to determine if there 

are alleles that only appear in the Pacific or the Atlantic, lending support to the theory that 

there are two distinct populations.  Alleles for two loci were only present in the North 

Pacific, suggesting that there may be separation between the two populations (Table 4.5).  

However, in order to obtain a conclusive result more samples would be needed. 

As mentioned earlier in the chapter, morphological characteristics are not always an 

effective proxy for genetic diversity.  However, North Pacific spiny dogfish do exhibit 

biologic and life-history characteristics that support a divergence between the North Pacific 

Clade A (UK, Australia,  

Chile, US)  

 

Clade B (Japan, US)  
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and Atlantic dogfish; such as their later age at maturity (23-35 years for females in the North 

Pacific as compared to 12 years for the females in the Atlantic) and larger size of females 

(128cm in the North Pacific versus 125cm in the Atlantic) (Smith et al. 1998).  Due to the 

larger size and age at maturity the ability for a population to rebound from exploitation varies 

between North Pacific and Atlantic populations (Smith et al. 1998), therefore, a universal 

management strategy is not applicable.  Genetic analysis allows distinct populations to be 

discerned and with that information studies can be conducted to determine characteristics 

unique to those distinct populations.  Knowledge of the biology, life history, and 

reproductive patterns of the dogfish throughout their ranges allows better prediction of their 

conservation needs to made and policies and regulations can be developed that will ensure 

that a viable population of dogfish exists throughout their range for both commercial and 

physiological uses. 
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