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Rar it y

• What  makes somet hing r ar e?  Why should
we car e?

• Rar it y (pr esence in small number s) is
commonÑ t he vast  maj or it y of  species ar e
pr esent  as r elat ively f ew individuals

• But  species can be r ar e in dif f er ent  ways
• These dif f er ences have implicat ions f or

vulner abilit y t o ext inct ion and f or
pr ot ect ion



Rar it y

I t  is common
t o be r ar e!



Rar it y

• Ther e ar e at  least  7 ways f or  a
species t o be r ar e

• E. g. ,  due t o habit at  specif icit y,  ver y
r est r ict ed geogr aphic r ange,  small
populat ion sizes,  or  some combinat ion

• Ver y localized species ar e vulner able
t o habit at  dest r uct ion or  chance
event s



Ext inct ion

• Ca.  300 year s ago (lat e 1600Õs) t her e
wer e an est imat ed 3- 5 billion
individuals of  t he passenger  pigeon

• Nat ive t o east er n Nor t h Amer ica
• Account ed f or  ca.  25% of  all Nor t h

Amer ican land bir ds (t ot al number  of
individuals)

• Was one of  t he most  abundant
globally



Ext inct ion

• The passenger  pigeon was r elat ively
abundant  unt il 1871,  t hen it  declined
r apidly unt il 1880 and became scar ce

• The last  known at t empt  at  colonial nest ing
was in 1887 and by t he 1890Õs t he bir d
was ver y r ar e

• The last  wild bir ds wer e t aken in 1899,
1900

• Last  individual died in 1914 at  t he
Cincinnat i Zoo (a f emale named Mar t ha)



Ext inct ion

• What  happened?
• This species was nomadic wit h colonial

nest ing,  gr ouped int o f ew,  ver y lar ge
t r aveling gr oups which t hen subdivided int o
smaller  colonies f or  nest ing

• But  even Òsmaller Ó c olonies cont ained
hundr eds of  millions of  individuals

• Depended on mast  f r uit ing of  oaks,  beeches
and chest nut s;  pigeons wer e par t  of  t he
nat ur al dist ur bance r egime



Ext inct ion

• The bir ds wer e r egar ded as a pest
but  t hey wer e also hunt ed f or  f ood

• Har vest ing f or  local use did not
appear  t o have much impact  t hough

• Tr adit ional har vest ing involved t he use
of  net s (up t o 100 bir ds at  a t ime),
which did not  dist ur b nest ing

• Use of  guns led t o nest  abandonment



Ext inct ion

• Def or est at ion in t he East  began t o af f ect
t hose pigeon populat ions by t he mid- 1800Õs
but  st ill maj or  f or est  ar eas wer e lef t  in
Michigan,  Ohio,  Wisconsin,  et c.

• I n 1830,  t her e wer e only 23 miles of  t r ain
t r acks in t he Unit ed St at es

• By t he Civil War ,  t her e wer e 30, 000 miles
of  t r acks and t elegr aph t echnology

• Mar ket  har vest ing was now f easible



Ext inct ion

• Lar gest  document ed har vest  was in
Michigan in 1878:  t he nest ing colony
cover ed 250 squar e miles and in 3
mont hs,  at  least  1. 5 million dead
bir ds and over  80, 000 live bir ds wer e
shipped by r ail and by wat er  t o lar ge
cit ies f or  f ood

• Dir ect  har vest  of  nest lings and nest
abandonment  led t o st eep decline



Ext inct ion

• Passenger  pigeons could br eed in capt ivit y
and some nest ed solit ar ily in t he wild

• But  t he pr ot ect ion and genet ic diver sit y of
lar ge populat ions was lost

• Habit  of  nest ing in t r ees wit h unconcealed
nest s and only one egg per  season was
insuf f icient  in a species whose r epr oduct ive
st r at egy depended on mass nest ing



Ext inct ion

  ÒThe loss of  t he passenger  pigeon
vividly demonst r at es t hat  t her e is no
species whose number s ar e so gr eat
as t o be immune t o ext inct ion. Ó

                     E.  O.  Wilson &
                     D.  Per lman,  2000



Ext inct ionÑ Gener al

• Ext inct ion is a nor mal pr ocess
• Diver sit y at  local t o global scales is

det er mined by r at es of  speciat ion and
ext inct ion

• Dat a on past  ext inct ions (and r at es)
ar e f r om f ossils based on assumpt ions
t hat  may not  be accur at e



Ext inct ionÑ Gener al

• For  t he cur r ent  r at e of  ext inct ion,  we
donÕt  how much diver sit y t her e is f or
many gr oups,  so we canÕt  be sur e of
what  we ar e losing

• Most  measur ed at  t he species level;
f or  snails,  bir ds,  mammals t he dat a
ar e pr et t y good

• Need t o have some kind of  obj ect ive
measur e



Ext inct ionÑ
How does it  happen?

1) All individuals of  a species can be
eliminat ed dir ect ly (usually on a
shor t  t ime scale) by out r ight
dest r uct ion or  cat ast r ophic event s

2) Er osion of  genet ic var iabilit y in
var ious ways t hat  ult imat ely r esult  in
t he inabilit y t o pr oduce pr ogeny and
t he deat h of  individuals



Ext inct ionÑ
How does it  happen?

3) Pr e- human appear ance,  nat ur al
dist ur bances/ cat ast r ophes/ pr ocesses
wer e r esponsible

4) Pr esence of  humans adds anot her
f act or ;  human act ivit ies and t he
consequences ar e r esponsible f or  t he
vast  maj or it y of  moder n ext inct ions



Ext inct ionÑ
How does it  happen?

• To some ext ent  can pr edict  which
species will be most  vulner able:
– Rar it y
– Disper sal abilit y
– Specializat ion
– Populat ion (genet ic) var iabilit y
– Tr ophic level
– Adult  sur vival r at e



Ext inct ion Rat es

• About  60% of  ext inct ions occur r ed in
a number  of  r elat ively shor t  episodes
= mass ext inct ions

• Ther ef or e,  ext inct ions have been
r elat ively low f or  t he r emainder

• Backgr ound r at e is dif f icult  t o
calculat e,  but  t he aver age lif espan of
a species in t he f ossil r ecor d is ca.  4
million year s



Ext inct ion Rat es

• I f  we assume t ot al species diver sit y at  10
million,  t his suggest s a backgr ound r at e of
2. 5 species per  year

• But  t he f ossil r ecor d may be biased t owar d
successf ul,  of t en geogr aphically wide-
r anging species,  which pr obably sur vive f or
longer  t han 4 million year s

• Ther ef or e a lot  of  species will sur vive f or
shor t er  per iods,  so backgr ound r at e is
pr obably higher



Ext inct ion Rat es

• Even if  we assume a r at e 10 t imes higher
and apply it  t o moder n t axa,  we would
expect  1 of  t he 4, 000+ mammal species t o
go ext inct  ever y 400 year s and 1 of  t he
8, 000+ bir d species t o go ext inct  ever y
200 year s

• Ext inct ion r at es in r ecent  t imes have been
f ar  higher  t han t his f or  t hese gr oups;  basis
of  t he ar gument  t hat  cur r ent ly humans ar e
causing a mass ext inct ion event



Mass Ext inct ions

• Wit hin t he last  600 million year s,
t her e have been 5 mass ext inct ion
event s

• Most  sever e was t he Per mian
ext inct ion about  245 million year s
ago;  est imat ed t hat  96% of  species
alive t hen disappear ed



Mass Ext inct ions

• The Per mian ext inct ion t ook place over  5- 8
million year s,  associat ed wit h cont inent al
movement s (f or mat ion of  Pangaea),  climat e
change,  incr eased volcanic act ivit y

• I n cont r ast ,  t he Cr et aceous ext inct ion 65
mya was of  shor t er  dur at ion,  highly likely
t hat  t he cause was a met eor  impact

• Less signif icant  f or  mar ine lif e,  much
gr eat er  impact  on t er r est r ial or ganisms

• Not  clear  if  elevat ed r at es of  speciat ion
f ollow mass ext inct ions or  if  sur vival r at e
of  f ledgling species incr eases



Cur r ent  Ext inct ion

• Fir st  signif icant  impact  of  humans on
t he wor ldÕs biot a happened wit hin t he
last  million year s

• Humans ar r ived in Aust r alia about
50, 000 year s ago;  lost  near ly all of
it s species of  ver y lar ge mammals,
giant  snakes and r ept iles and near ly !
of  it s f light less bir ds ar ound t his t ime



Cur r ent  Ext inct ion

• Humans ar r ived in Nor t h and Sout h
Amer ica at  least  11, 000 year s ago;
lost  about  "  of  t he gener a of  lar ge
mammals at  about  t his t ime

• But ,  some ar gue t hat  climat ic f act or s
wer e r esponsible

• No quest ion t hat  t he Eur opean Age of
Expansion in t he 15t h & 16t h cent ur ies
init iat ed anot her  wave of  ext inct ions



Cur r ent  Ext inct ion

• But  ext inct ions def init ely occur r ed bef or e
t his t ime:  Polynesians wer e appar ent ly
r esponsible f or  ext er minat ing 50 of  about
100 endemic bir d species in t he Hawaiian
I slands bef or e Eur opeans ar r ived in t he
18t h cent ur y

• Similar  impact  in New Zealand,  colonized
500 year s lat er  t han Hawaii;  moas went
ext inct  bef or e Eur opeans ar r ived



Cur r ent  Ext inct ion

• Two maj or  t r ends wit hin t he last  400
year s:
– Document ed island ext inct ions began

almost  t wo cent ur ies ear lier  t han
cont inent al ext inct ions and

– Bot h island and cont inent al ext inct ions
have incr eased r apidly f r om t he ear ly or
mid- 19t h t o t he mid- 20t h cent ur y (see
Br own- eyed and Milk- giving in t ext )



Commit ment  t o Ext inct ion

• Ext inct ion is usually at t r ibut ed when a
species has not  been r ecor ded (sight ed or
collect ed) over  a signif icant  t ime span

• Convent ion on Tr ade in Endanger ed Species
(CI TES) has set  an ar bit r ar y t ime of  50
year s

• The longer  a species has not  been
r ecor ded,  t he mor e likely it  is t o be
ext inct



Commit ment  t o Ext inct ion

• Habit at  dest r uct ion/ modif icat ion
(leading t o f r agment at ion) and invasive
species ar e t he most  ser ious cur r ent
t hr eat s t o biodiver sit y;  t hey ar e t he
pr imar y causes of  cur r ent  ext inct ions

• Many species st ill pr esent  ar e
pr obably so heavily impact ed by t hese
pr ocesses t hat  t hey ar e Òcommit t ed
t o ext inct ionÓ



Commit ment  t o Ext inct ion

• Remember  t he est imat ed backgr ound
r at e of  2. 5 species/ year ?

• Cur r ent  est imat es pr edict  t hat  we
could lose up t o 50, 000 species/ year ,
20, 000 t imes t he backgr ound r at e

• By t he year  2100,  as much as t wo-
t hir ds of  Ear t hÕs biot a will have
disappear ed or  be commit t ed t o
ext inct ion



I owa Pleist ocene S nail

Originally known only from the fossil record;
thought to have been extinct for 10,000 years;
rediscovered in NE Iowa in 1980.



Endanger ed S pecies A ct

• ESA signed int o law by Richar d M.  Nixon in
1973

• ÒÉt o pr ovide a means wher eby t he
ecosyst ems upon which endanger ed species
and t hr eat ened species depend may be
conser ved,  t o pr ovide a pr ogr am f or  t he
conser vat ion of  suchÉspecies and t o t ake
st epsÉt o achieve t he pur poses of  t he
t r eat ies and convent ions set  f or t h. Ó



Endanger ed S pecies A ct

The snail darter is probably the species most closely 
associated with the ESA.  It stopped the Tellico
Dam but later additional populations were found
and it was downgraded to threatened status.



Endanger ed S pecies A ct

• Deals most ly wit h species and species
habit at ,  does not  pr ot ect  ecosyst ems
suppor t ing mult iple habit at s and species

• Pr ovides abilit y t o slow or  even st op
development

• Ver t ebr at es r eceive higher  levels of
pr ot ect ion t han inver t ebr at es and plant s

• But  also has gener at ed cont r over sy,
especially wit h r egar d t o pr ivat e pr oper t y
r ight s



Endanger ed S pecies A ct

• Re- aut hor ized in 1978,  1982,  1988,
and 1992 but  not  since

• Does not  adequat ely addr ess habit at
f r agment at ion

• Amendment s/ bills t o pr ovide a self -
f unding mechanism have been
unsuccessf ul so f ar


