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The dry season as driver of forest patterns:

*Most trees reproduce annually, with peaks Mar-Jun
Leaf flushing tied to seasonal cycle

*Herbivore populations limited by dry season loss of food
Fruit failures attributed to altered dry season

*Mast events follow ENSO following a weak dry season
*Bird & mammal populations track fruit failures & masts

«1983 drought had conspicuous effect on ~10% of tree species
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80

64

North Atlantic !

| Ocean ‘

- —
| Bl = T e
! Bl e = = _ng.c_m C;nc; T "
|
e T‘Turks and Caicos [slands "
isladela LT UK .
Juventud e U = - Grand Turk
= e — |
Cayprin s BBLT i . DOMINICAN ‘
U.K) 1 < ‘{G(.laﬂma = = BEPUBUC v Bfgi.lsh . . |
Wanamo = irgin Jslans
Geurueann*' | 7 (us.NavaLBASE  HA St ‘"E‘E.A s cm‘:.ﬁ‘ iy S AnEulls (U.K) |
Pol ™ uan ie o=
1 s’ : Ry Ao g | | e Valey
| ok : k/ i S T&m =1 ANTIGLA AND
| JAMAICA "m Pueo  Virgin == « BARBUDA |
i Kngakn P ‘ ; Rico  lslands Bassetemed St John's |
: | LA, s (Us) SUNTR kPhymouth | 15
e i LEs Moriserat (UK)— g Codeloupe (FRANCE) | ——————
b Basse-Terre BOMBICA |
/ : @ =/~ Roseau |
5 ‘ Caribbean Sea S 53 Fort-de-France w
) H Miskitos 2 HE e Martinique (FRANCE) |
(NICARAGUA) | = : L ‘&ST. LUCIA |‘
Isla de Providencia X |
(COLOMBIA) {:gﬁ] Netherlands Antilles sT NCEKENT?MH* RARBADGS
: | ! eiertaNDs) §  STVECERT AT Bridgetown ‘I
1ot 5o A el C4 i e ] oot
{CoL J N 3+ | ‘
\ del Ma. : N =c | St. George's
':\}\Jmumun | Willemstad *'\? n.‘.': " - ‘I
‘ . Y agPort-of-Spain__ TRINIDAD
San.J ek 3 AND
T
COSTA
RICA
e I ey ]
i ——
North Pacifiec
Ocean
| .
| Isla
I (COSTA RICA) "
Iy
Scale 1:21,500,000 o z
Lambert Conformal Conic Projection, /f cali
| standard parallels 7'N and 19°N | Bt J
o 300 Kiiometers ‘ € /
Gi ( } L T 4 1 o~ o
_ Islends | © 300 Nautical Mies | )
', (ECUADOR) g BRAZIL sz
e ——88  fgay | ecuroon et Pty sttt T2 e ]

802107 (ROO769) 8-93




forest cover
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Dry season intensity...

Astronium graveolens



Panama Canal Authority rainfall gauges
3-100 year records
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gamboa rainfall
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Dry season comparison
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Dry season comparison
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Dry season comparison
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moisture deficit (mm)
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Dry season duration (days) & dry season intensity (moisture deficit)
BCI 1931-2006
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dry season length vs. moisture deficit
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Panama Canal Authority rainfall gauges
Dry season intensity
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Panama Canal Authority rainfall gauges
Dry season intensity
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Tree inventories
Estimated dry season intensity at each
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Tree inventories
Estimated dry season intensity at each
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Tree distributions across the gradient in drought




Faramea occidentialis plots and inventories
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L ecointea amazonica plots and inventories




Frequent climatic limits of wet forest species
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Manilkara bideniata plots and inventories




Maranthes panamensis plots and inventories




Weitia regia piots and inventories

32 species wet-forest species
reach the odd Laguna site




Podocarpls guatemalensis piots and inventories
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Frequent climatic limits of wet forest species
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Unusual climatic limits of wet forest species

~, Just 5 species reach limits
“:  at Sherman and BCI
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Range limits of species from the driest

S area of the Canal region
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Species accumulation toward drier climate
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Species accumulation toward drier climate
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Species accumulation toward wetter climate
illustrates wet end of range limits
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Species accumulation toward wetter climate

illustrates wet end of range limits
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Frequent climatic limits of Pacific slope species




Picramnia latifolia plots and inventories

50 Pacific coast species
reach Sherman but not beyond




Albizia adinocephaia plots and inventories
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Lacistema aggregatum plots and inventories

99 species span the epfire
gradient, dry to veryiwet
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Tree species richness near the Panama Canal

Confined to wet forest 276 26%
Not restricted 432 41%
Confined to mid to dry 121 12%
singleton (wet forest) 166 16%
singleton (mid to dry) 51 5%
Total 1046

(other not included) 50

Source pool for tree species (with singletons):

Wet forest: 874 (and more to be found)
Moist forest: 604 (few to be found?)



Species diversity per hectare
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Experimental drought tolerance:
survival rate without water
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Eugenia principium occurrence prob.
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climatic range
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Soil nutrients

19 sites

Ben Turner (unpub)
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Soil phosphorus in tree plots

_o_"/-l ?ﬂﬁ
: Engelbrecht et at., B. Turner unpub.




Niche model from dry season duration

0.6

Tabernaemontana
undulata

0.5

04

0.3

0.2

i Laguna
high H,O low nutrient

»

Tabernaemontana undulata occurrence prob.

\

I,
QU | I |

-900 -500 =700 -600 -500 -400

0.0

dry season intensity




Tree inventories
tree water availability from Kursar et al. (2 sites)
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Kursar, TZA., _,grf elbrecht, BM J., Tyree, M.T. 2005. A comparison of methods for
determining gil water a@zailability in two sites in Panama with similar rainfall but
distinct tree communities. Journal of Tropical Ecology 21:297-305.




Dispersal and range size




Simulated species distributions, poor dispersal
(relative to plot size)




Simulated species distributions, good dispersal
(relative to plot size)
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A theory of dispersal limiting range size

R~2DV(N)

N = population size
R = linear span of range
D = maximum dispersal distance



Range size in 50 ha plots...
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Comparisons against a fixed target
reduces bias

Bocas del Toro

S o
o b . S
. @- 2 S ] “ °0
5 .‘__% . o 1\:'. .. ? s} =N
Wea . o1% S 65%

2, Pacific Canal ™

ey




Conclusions

Inability to survive drought limits ranges
More species adapted to wet forest conditions
-Experlments on specnes responses suggest
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Plots: An infrastructure for field research
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The theory (model)...




Neutral theory for diversity

Neutrality is anti-diversifying HI/‘,//‘I
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Speciation maintains diversity
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Faramea eurycarpa plois and inventories

- 86 wet-forest species reach
C. Campana and no drier




Tetragastiris panamensis plots and inventories

- 99 species span the entire
gradient, dry to very wet
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Tree inventories
Estimated dry season intensity at each
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Sorocea affinis piots and inventories

. - 87 Pacific species reach C. Campana
" but not the very wet sites
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Tree inventories
Estimated dry season intensity at each
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Niche model from dry season duration

— Virola sebifera
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Tree inventories
Estimated dry season intensity at each
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Tree inventories
Estimated dry season intensity at each

7 pe

el
@




Regional species pools
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inga marginata plots and invenitories

5 32 species restricted to
Rt intermediate climate (most are rare)
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Schizolobium parahyba plots and inventories
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Frequent climatic limits of wet forest species




Sloanea latirifolia plots and inventories

.o 32 wet-forest species reach
. a 1% lower Santa Rita and not beyond
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