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Figure 1. Phylogenetic distribution of species richness across the eukaryotic tree of life.

Rabosky DL, Slater GJ, Alfaro ME (2012) Clade Age and Species Richness Are Decoupled Across the Eukaryotic Tree of Life. PLoS Biol
10(8): e1001381. doi:10.1371/journal.pbio.1001381
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The Coleopterists Bulletin, 36(1):74-75. 1982.

TROPICAL FORESTS: THEIR RICHNESS IN
COLEOPTERA AND OTHER ARTHROPOD SPECIES

TERRY L. ERWIN

he tropical tree Luehea seemannii is a medium-sized seasonal forest ev-
ergreen tree with open canopy, large and wide-spaced leaves. The trees sampled
(n = 19) had few epiphytes or lianas generally, certainly not the epiphytic load
normally thought of as being rich. These 19 trees over a three season sampling
regime produced 955+ species of beetles, excluding weevils. In other samples
now being processed from Brazil, there are as many weevils as leaf-beetles,
usually more, so I added 206 (weevils) to the Luehea count and rounded to
1,200 for convenience. There can be as many as 245 species of trees in one
. hectare of rich forest in the tropics, often some of these in the same genus.
Usually there are between 40 to 100 species and/or genera, so I used 70 as an
5 average number of genus-group trees where host-specificity might play a role
_~ with regard to arthropods. No data are available with which to judge the
proportion of host-specific arthropods per trophic group anywhere, let alone
the tropics. So conservatively, I allowed 20% of the Luehea herbivorous beetles
to be host-specific (i.e., must use this tree species in some way for successful
reproduction), 5% of the predators (i.e., are tied to one or more of the host-
specific herbivores), 10% of the fungivores (i.e., are tied to fungus associated
only with this tree), and 5% of the scavengers (i.e., are associated in some way
with only the tree or with the other three trophic groups) (Table 1).
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FIGURE 13-3 Numbers of species accumulated per square meter sample in 12-meter-square plot (119
square meters sampled) in Upland Forest Type I at Tambopata Reserved Zone, Peru.
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Examples of extinctions in Hawanan
birds

Last seen, 1915 Last seen, 1913
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Bishop’s O’0 (Moho bishopi) Lana’t Hookbill (Dysmorodrepanis
MUnror)




Introduced species

Red Billed Leothrix

Japanese white-eye




Malaria infected native species




One part of the story... avian malaria

— SR ——

R Until 1826 — no mosquito’s
R Culex quinquefaciatus (southern house mosquito)
R Now 5 species of biting mosquito’s

R Early 1900’s — avian malaria (Plasmodium relictum)
introduced

R Massive declines in Hawaii’s honeycreepers
&R Changes 1n geographically distributions

Largely from: van Ripper, C., II1, S. G. van Ripper, M. L. Goff, and M. Laird. 1986. The
epizootiology and ecological significance of malaria in Hawaiian land birds. Ecological
Monographs 56:327-344.




Distribution of natives and introduced species
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FiG. 2. Total introduced and native birds captured per 100 net-hours from 1978-1979 at 16 sampling stations on Mauna

Loa, Hawaii.
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gradient from sea level to tree line.



Percent infection by malaria 1n natives and
introduced species

o—o Parasites/I0000 RBC in

Native Birds
o----0Parasites/I0000 RBC in
10— Introduced Birds —25
) Percent of Native Birds Infected
O EZ7773 Percent of Introduced Birds
Infected
- % 8 (160) 4204
o (96) (224) w
Q —
58 3
(188)
2 =4 6  (226) (226) 115
= P
S Z
>0 -
L - (185) _]
=z 4 0=
<w Q
23 :
0t L
- —
= - [204] [222] [91] 204]] > a
/ [352] [241]
///// [176]
1 T T

JAN  MAR  MAY JUL SEP  NOV  JAN
FEB  APR  JUN AUG OCT DEC  FEB

MONTHS

FiG. 12. A comparison of native and introduced birds’ parasitemia levels and infection rates over the 1978-1979 annual
cycle on Mauna Loa, Hawaii. Numbers in brackets or parentheses are sample sizes.



Experimental infection of birds with malaria
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FIG. 6. Percentage of species that were resistant to and percentage that survived a challenge with avian malarial parasites
(Plasmodium relictum capistranoae). All species had five individuals challenged except for the Mauna Kea Common Amakihi,
which had six.



Model of native bird abundance
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FiG. 11. A generalized model of native bird abundances,
malarial parasite incidence, and mosquito vector levels along
an elevation gradient on Mauna Loa, Hawaii.
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What makes a species vulnerable to extinction?



The equilibrium model of 1sland biogeography explained vanation in
number of species on islands by the influences of isolation and area
on rates of immigration and extinction.

The model predicted higher The model predicted
rates of immigration to islands high rates of extinction

Rite of immigration or extinction

S small. far S large, near
S large, far S small, near
P 4 Number of species present \

The model explains the The model also accounts
low number of species for high number of species
on small, isolated islands. on large, near islands.







A later (1976) manipulative experiment: If you reduce the area
of an island, diversity 1s reduced

MBERLOFF Ecology, Vol. 57, No. 4
| Theareaof Mud 1island | | The area of Mud 2 island was
1 was reduced twice and reduced only once and
1004 ” 100 ™ number of species number of species showed
decreased each time. only one substantial decrease. |
- k4
Lt 7
& z
= 3
S 75 =
> =
= 8 754
= S .
2 Meanwhile, number
5 of species increased
Z ‘Control ~ | on the control island,
(264m) _‘__-:':_ which was not
reduced in area.
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FiG. 6. Individual species number vs. area curves
for the experimental islands in a log-log plot.
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936 DANIEL S. SIMBERLOFF AND EDWARD O. WILSON Ecology, Vol. 51, No. 5
TaBLE 2. Percentages of species that were present at both of two given censuses on four of the experimental is-
lands
A. Censuses: just before defaunation | B. Censuses: just before defaunation | C. Censuses: one and two years after
and one year later and two years later defaunation
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ex- No. spp. | Total no. Per cent No. spp. | Total no. Per cent No. spp. | Total no. Per cent
perimental in in both in in in both in in in both in
island common | censuses common common | censuses common common | censuses common
El........ 2 29 €.9% 5 26 19.29, 7 18 38.9%
B2, s ¢ o 10 54 18.5%, 13 51 25.5%, 16 34 37.29%,
E3........ 8 40 20.0% 7 35 20.0% 16 31 51.69%
BT2: s v 11 37 29.7% 17 31 54.89%, 12 34 35.3%

Pre - defaunation surveys

ey,

40 |- J
|y /
z
w
(2]
uJ -
€ ... A NV /S T

-d--E3 a N\ T ..

30 N\ v - = s |
W = - sT2 F /i: N7 ~— \v—-—-—————‘*b_m"‘!‘---a
S r /S

_ﬁ eemO== E1 //'
(2]
@ N,
s =2 7 \. -
= -"/ N s e
2 O ~ \\ o
= ,0‘"‘0’. ."‘Of'/ e W .
. No—-—"
10 o
L O=O
il | ] ! ] 1 1 1 | 1 ] h ] !
40 80 120 60 200 240 280 320 360 400 i 680 720
DAYS

Fic. 1. The colonization curves of four small mangrove islands in the lower Florida Keys
whose entire faunas, consisting almost solely of arthropods, were exterminated by methyl
bromide fumigation. The figures shown are the estimated numbers of species present, which



What should a reserve look like (according
to Island Biogeography)?

R Large and continuous as possible

R Incorporate redundancy
R Replicate preserves for unique biotas, near each other

R Corridors between preserves (enhance connectedness)

R Priority to endemicity and vulnerability
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What does Island Biogeography
assume (perhaps wrongly)?

R All species are interchangeable
R equal colonization ability
R equally likely to go extinct (e.g., similar population sizes)

R Area controls extinction rates (or 1s a surrogate for
habitat diversity or allowable population sizes)

R Species do not have strong interactions (exclusion or
facilitation)

R Equilibrium 1s reached (disturbances not too frequent)



How are fruits and seeds dispersed?

winged seeds

hitch hikers

€.g. cleavers

takeaways

e.4g. acorns
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juicy fruits : . | %

e.g. blackberries
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species (Species A' and A") form during geographic isolation and later diverge
to become new species (Species B and C). In dispersal, a subpopulation of the
ancestral species (Species A) actively migrates across a geographic barrier to
form an incipient species (Species A'), which later diverges to become a new
species (Species B).

) ) http://bioteaching.wordpress.com/2012/03/28/
http://evolution.berkeley.edu/evolibrary/news/091001_madagascar modes-of-speciation/



(a) Older

Younger

island

Kauai

Nihau

(b) More ancient
lineage

1 16 2 285 3 86 4
Time since separation (My)

Oahu

B,

Molokai

Maui

? o)

&

island

Hawaii

More recent

lineage




J
.-:|l4blt

Bocas oo < i
..‘o:o -
.DEIWJ
Santiago,
N
1,».
J'

e
— n
</

“&
L1 Porvans

Coco Solo
Cristébal® Colon
*PANAMA

. "Baboa
Vacamonte

&

- Pacific 6'
Pacific 6

— Caribbean 6
- Pacific 3

= Caribbean 3
Caribbean 3'
Pacific 5

Caribbean 5
- Caribbean 4

— Pacific 4
— Pacific 1

—— Carribean 1

— Pacific 2
—Caribbean 2

— Pacific 7'

— Pacific 7

Caribbean 7



’

Hawthorne




The emergence of the Isthmus of Panama
promoted the great American biotic
interchange (GABI) between North and South
American terrestrial vertebrates together with
the radiation of the shallow-water marine
benthos of the Caribbean Sea. 1, litopterns; n,
notoungulates. (Based on Benton 2005.)

From Introduction to Paleobiology and the
Fossil Record, Benton and Harper.

Number of genera




Bird Taxon Richness

P — 1

A heat map depicting taxonomic richness for a) species, b) genera, c)families and
d)orders. Scale bars adjacent to each map connect colors with numbers for each
taxonomic level. Adapted from Thomas et al. 2008.
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Latitudinal gradients in species diversity

From Wikipedia, the free encyclopedia

The increase in species richness or biodiversity that occurs from the poles to the tropics, often referred to as the latitudinal diversity gradient (LDG), is one of the most
widely recognized patterns in ecology. Put another way, in the present day localities at lower latitudes generally have more species than localities at higher latitudes. The
LDG has been observed to varying degrees in Earth's past.“]

Explaining the latitudinal diversity gradient is one of the great contemporary challenges of biogeography and macroecology (Willig et al. 2003, Pimm and Brown 2004,
Cardillo et al. 2005). The question “What determines patterns of species diversity?” was among the 25 key research themes for the future identified in 125th Anniversary
issue of Science (July 2005). There is a lack of consensus among ecologists about the mechanisms underlying the pattern, and many hypotheses have been proposed

and debated.

Understanding the global distribution of biodiversity is one of the most significant objectives for ecologists and biogeographers. Beyond purely scientific goals and
satisfying curiosity, this understanding is essential for applied issues of major concern to humankind, such as the spread of invasive species, the control of diseases and
their vectors, and the likely effects of global climate change on the maintenance of biodiversity (Gaston 2000). Tropical areas play a prominent role in the understanding of
the distribution of biodiversity, as their rates of habitat degradation and biodiversity loss are exceptionally high.
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&®North American bird species richness versus potential evapotranspiration (PET). There is a positive relationship between richness
and PET when little energy is available (blue circles; PET < 525 mm/y). However, at higher PET (brown circles) the relationship
breaks down, suggesting other factors are important when energy is plentiful. This result follows that of Currie (1991).




Ecology Letters, (2004) 7: 1121-1134 doi: 10.1111/j.1461-0248.2004.00671.x

Predictions and tests of climate-based hypotheses of
broad-scale variation in taxonomic richness

Abstract

Broad-scale variation in taxonomic richness is strongly correlated with climate. Many
mechanisms have been hypothesized to explain these patterns; however, testable
predictions that would distinguish among them have rarely been derived. Here, we
examine several prominent hypotheses for climate—richness relationships, deriving and
testing predictions based on their hypothesized mechanisms. The ‘energy—richness
hypothesis’ (also called the ‘more individuals hypothesis’) postulates that more
productive areas have more individuals and therefore more species. More productive
areas do often have more species, but extant data are not consistent with the expected
causal relationship from energy to numbers of individuals to numbers of species. We
reject the energy—richness hypothesis in its standard form and consider some proposed
modifications. The ‘physiological tolerance hypothesis’ postulates that richness vaties
according to the tolerances of individual species for different sets of climatic conditions.
This hypothesis predicts that more combinations of physiological parameters can sutrvive
under warm and wet than cold or dry conditions. Data are qualitatively consistent with
this prediction, but are inconsistent with the prediction that species should fill
climatically suitable areas. Finally, the ‘speciation rate hypothesis’ postulates that
speciation rates should vary with climate, due either to faster evolutionary rates or
stronger biotic interactions increasing the opportunity for evolutionary diversification in
some regions. The biotic interactions mechanism also has the potential to amplify
shallower, underlying gradients in richness. Tests of speciation rate hypotheses are few
(to date), and their results are mixed.

David J. Currie,'*

Gary G. Mittelbach,?
Howard V. Cornell,?
Richard Field,*
Jean-Francois Guégan,’
Bradford A. Hawkins,®
Dawn M. Kaufman,’
Jeremy T. Kerr," Thierry
Oberdorff,* Eileen O'Brien®
and J. R. G. Turner'®



Figure 3. Relationships between age and richness within 12 major taxonomic groups for which dense
subclade sampling was available as part of the timetree project [24].
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So what can we conclude about broad-scale
patterns in diversity?

SRS
R Diversity increases with area (species-area relationships)

R Diversity on 1slands often a balance between
R colonization (distance from mainland) &

R extinction (size of island)

= Produces a dynamic equilibrium (S%)

= More mixing, S* 2> v

R Diversity decreases with distance from the equator
R correlated with energy (NPP or PET), up to a point

R History (time, events) matters (but only up to some limits)
® E.g., the Great Biotic Interchange
® Maybe only (geologically) early after events



