
Studying Biodiversity 

(or the problem of identifying proper reference points) 



What is Biodiversity

The spectacular variety of life on earth 

and the essential interdependence among 

all living things (Michael Novacek)

- all of the hierarchical levels of life on Earth,

from genes to ecosystems

- the ecological and evolutionary processes   

that sustain that diversity

Source: ©AMNH-CBC



Hierarchies or Biodiversity

• 3 perspectives: composition / structure / function

• 4 levels:  genes / species  / communities /  ecosystems

Source: ©AMNH-CBC

(Noss 1990, Zacharias & Roff 2000) 



Hierarchies or Biodiversity

• Different 

levels of 

complexity

• Different 

degrees of 

understanding

• Different 

monitoring 

goals / needs 

Source: ©AMNH-CBC



Species:  The Currency for Conservation

How many species are there globally (Mora et al. 2011) ?

Approach validated against well-known taxa, and applied to all 

domains of life, predicts ~8.7 million (± 1.3 SE) eukaryotic species; 

~2.2 million (± 0.18 SE) are marine.

Despite 250 years of taxonomic classification and over 1.2 

million species already catalogued, some 86% of existing 

species on Earth (and 91% in the ocean) await description.



Different definitions:

• Morphological

• Biological

• Phylogenetic

The Species Concept

Diverse taxonomic groups:

• Bacteria (viruses?)

• Cryptic species 

Sphyrna gilberti from South Carolina (2006) 

Genetically distinct "cryptic species“

(Quattro et al. 2006, 2013)

Mayr suggested that a species is a 

group of interbreeding individuals.

Hybrids:

• Plants 

(and birds?)



Opah Species

The genus Lampris (Lampridae) currently comprises two species:

Lampris guttatus (Brünnich 1788) and L. immaculatus (Gilchrist 1905) 

commonly known as Opah and Southern Opah, respectively. 

DNA 

sequence 

data revealed 

5 distinct, 

monophyletic 

lineages 

within L. 

guttatus. 

(Hyde et al. 

2014)



Opah Species

https://swfsc.noaa.gov/news.aspx?P

arentMenuId=39&id=23074

Identified 5 species 

previously subsumed 

within L. guttatus using

morphological and meristic 

data (counting number of 

features; e.g., scales, fin rays). 

Restrict Lampris

guttatus (Brünnich 1788), 

resurrect L. lauta (Lowe 

1838), and describe three  

new species of Lampris.

(Underkloeffler et al. 2018)



(Sub)populations / Stocks 

Abundance / Trends

Structure / Diversity 

Change 

Hierarchical Conservation Actions



Ecosystem Impacts Beyond Shifting Baselines



Range: Cosmopolitan 

(Tropical / Temperate)

Life span: 9+ years 

Maximum size: 1,165 lbs.

Reproductive maturity:

4 to 5 years in females 

Reproduction:

Females produce variable 

number of eggs:

- 1-16 million in 

370-pound fish

- 29   million in 

600-pound fish

North Atlantic Swordfish (Xiphias gladius)



Swordfish Fishery Benchmarks

If we were looking at this issue from a conservation 

perspective, what metrics would we use to assess 

whether this stock has experienced a sliding baseline ? 

Hint:   

How can we quantify the steps towards 

“ecological extinction” ?



North Atlantic Swordfish 

Evidence of Shifting Baselines ?

http://firms.fao.org/firms/resource/10023/

Standardized 

Catch Per 

Unit Effort 

(CPUE) for 

North 

Atlantic 

swordfish. 

CPUEs are 

scaled to 

time series 

mean.



Changes in Distribution of Catches

1950s              1960s  

1970s              1980s  

1990s              2000s  



Large swordfish basking at the 

surface taken by harpoons in the     

Gulf of Maine and Mediterranean   

Extirpation of Stocks & Fisheries

Longline

Other

Longline               Driftnet



North Atlantic Swordfish 

Evidence of Shifting Baselines ?

Trends in 

yearly mean 

weight (kg) 

for North 

and South 

Atlantic 

swordfish 

stocks. 

SCRS/2009/016 - SWO ATL Stock Assessment 

www.iccat.int/Documents/Meetings/Docs/2009_SWO_ASSESS_ENG.pdf



North Atlantic Swordfish 

Evidence of Shifting Baselines ?

The average North Atlantic swordfish 

caught in the 1960s weighed 300 

pounds. By the late 1990s, the average 

was 100 pounds (NOAA - ICCAT).



SCRS/2009/016 - SWO ATL Stock Assessment 

www.iccat.int/Documents/Meetings/Docs/2009_SWO_ASSESS_ENG.pdf

Change in Size / Maturity 

Trends in yearly 

age composition 

of the caught 

fish (by number)



Change in Size at Maturity 

To protect small swordfish, prohibit  taking  

of and landing of swordfish in the entire 

Atlantic Ocean weighing < 25 kg live weight 

(55 lbs), or in alternative by size < 125 cm 

lower jaw fork length (LJFL); 



Ecosystem-level Effects

Requires comprehensive knowledge of the 

natural history and ecology of the species

http://www.aquariumofpacific.org/multimedia/player/lecture_archive_richard_ellis1

http://www.aquariumofpacific.org/multimedia/player/lecture_archive_richard_ellis1


Characterizing Biodiversity 

(or the need to study behavior and culture) 



Behavior – Why it Matters in Conservation

1)  Mechanisms linking changes with responses
“The glue that holds together ecological effect and population response” 

(Parrish 2005)

Ecological 

Effects

Population 

Response
BEHAVIOR

3)  Increasingly considered a component of Biodiversity
“Behavioral diversity needs to be conserved”                                                                         

(Shumway 1999, Whitehead et al. 2004)

2)  Tools for effective conservation
Assessing impacts,  Mitigating impacts, Restoring populations, Protecting habitats 

(Sutherland 1998, Parrish 2005)



Sutherland (1998) / Shumway  (1999)

Small Population Extinctions

Species Isolation

Dispersal in Fragmented Populations

Consequences of Environmental Change

Habitat Requirements of Species

Habitat Preferences

Reproductive Behavior / Physiology

Minimum Area Necessary for Reserves

Census Techniques

Monitoring Stress / Condition

Reducing Predation

Retaining Cultural Skills

Behavioral Manipulation

Release Schemes

Captive Breeding

Knowledge / Monitoring Management

Behavioral Ecology is an important  component of Biodiversity,          

and needs to be considered in Management and Conservation



Behavior in Marine Conservation 

Six Examples of Behavioral Applications to Marine Conservation -

Assessing habitats, ranges, movements:

Predator– prey dynamics:

Reproductive biology:

Migratory behavior: 

Impacts (reliance on fisheries):

Social attraction (restoration):
(Parrish 2005)



Conserving Behavior 

Minimizing loss of phenotypes - maintaining survival skills

(Shumway 1999)

Behavioral diversity, a valuable but neglected element of biodiversity, 

needs to be explicitly conserved to maintain diverse populations. 

The conservation of species diversity and genetic diversity alone             

does not necessarily protect important behavioral diversity. 

The maintenance of both individual and population variability may              

be essential for the preservation of a species.



Conserving Behavior 

In some cases the behavior itself is worthy of conservation 

Examples include: 

the migration of birds and mammals

the winter roosts of monarch butterflies

the foraging specialization of marine mammals

Consider importance of conserving cultural variation:

such as variation in bower design in a species of bowerbird            

and variation in tool use by chimpanzee populations

(Sutherland 1998)



Conserving Behavior (Dizon 1992)

The “stock” is the 

fundamental unit of 

management & conservation                      

(fisheries and populations)

Yet, its definition is often 

arbitrary, and based on   

politics or convenience

Because selection of stocks deserving protection is contentious,                    

an improvement in this working definition in needed 

Key Element:  This definition should include the degree to            

which a population can be an evolutionarily significant unit 



For the United States Endangered Species Act (ESA)

A "species" is defined to include: 

"any distinct population segment which interbreeds when mature." 

However, the ESA does not define a "distinct population segment" 

This is synonymous with an evolutionarily significant unit

- Must be (substantially) reproductively isolated from conspecifics

- Important component in the evolutionary legacy of the species

Evolutionarily Significant Units (ESUs)

(Ryder, 1986)



Populations with distinct 

evolutionary histories.

Populations that are morphologically                                                                               

and genetically distinct from others.

The minimal (smallest) units for                 

conservation and management. 

Defining ESUs

(Waples, 1991)



Category I:  genetic differences and geographic isolation

Category II:  genetic differences but “weak” spatial separation

Category III:  little genetic differences, despite geographic separation

Revised ESU Concept

Suggest expanding definition to include behavioral criteria:

1. Distribution

2. Population response

3. Phenotypic variation

4. Genotypic variation

(Dizon, 1992)



Behavioral ESU Criteria

Distribution:                                          Population response:

Range

Habitats

Migrations

Overlap with threats

- bycatch

- pollutants

- parasites

Social system

Communication

Diet

Growth rate

Reproductive biology 

(Dizon, 1992)



Examples – Common Bottlenose Dolphin 

(Tursiops truncatus)

Cosmopolitan 

distribution                  

(tropical / subtropical).

61 stocks of common 

bottlenose dolphins 

have been identified 

in U.S. waters.

Two bottlenose dolphin ecotypes inhabit waters in the western North 

Atlantic Ocean: a shallow water or nearshore/coastal ecotype and a 

deep water or offshore ecotype (Curry & Smith 1997).

The distribution of the two ecotypes could be delineated by depth 

and/or distance from shore, facilitating their identification during 

surveys.  Genetics was used to assign dolphins to stocks.



Examples – Common Bottlenose Dolphin 

(Tursiops truncatus)

Obtained 304 skin biopsy samples and identified each as either 

coastal or offshore using analysis of mitochondrial DNA. 

Interpreted spatial distribution of coastal and offshore forms using 

Classification and Regression Tree (CART) analysis. Found a 

statistically significant break in ecotype distribution: 

• In waters > 34 km from shore and deeper than 34 m, all 

bottlenose dolphins were of offshore ecotype. 

• < 7.5 km of shore, all samples were of coastal ecotype. 

• Mixed genetic composition between these two areas.  However, 

only nine samples were collected, so the genetic composition of 

bottlenose dolphins in this area remains poorly known.    

(Torres et al. 2006)



Examples – Common Bottlenose Dolphin 

(Tursiops truncatus)



Examples – Common Bottlenose Dolphin 

(Tursiops truncatus)

Differences in habitat, coloration, and behaviour                                

(Toth et al. 2011)



Including Behavior in Stock Definition

(Whitehead et al. 2004)

Increasing evidence that culture is an important determinant of 

behavior in some non-human species (great apes and cetaceans) 

In some cases, culture has repercussions for conservation

Suggest that non-human culture should be integrated into

conservation biology by refining ESU definitions



Cultural Conservation

"Now this end is called the thagomizer,                                    

after the late Thag Simmons."



Six Steps of Cultural Transmission:

New pattern of behavior is invented, or an existing one is modified.

The innovator transmits this pattern to other individuals.

The form of the pattern consistent within and across performers, 

(often even involving recognizable stylistic features).

The ones who acquire the pattern retain the ability to perform                                                 

it  long after having acquired it.

The pattern spreads across social units in a population. 

(these social units may be families, clans or bands).

The pattern endures across generations.

Culture: Biological – Anthropological Aspects 

(McGrew, 1998)



Cultural Conservation
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