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favored state (Samhouri et al. 2010). These
studies demonstrate that hallmarks of the LTER
program, long-term data and experiments, are



important ecosystem services, from supporting
coastal food webs to enhancing water quality to
providing protection from wind and waves. The
plants that dominate these habitats are ecosys-
tem engineers that physically create wetlands by







response to changes in a suite of local and global
drivers (Briggs et al. 2005).

Long-term plant composition data sets from
the experimental watersheds at KNZ provide





Urbanization and management practices that
maintain infrequent � re frequencies over the next
50–







requirements, highland-specialist bird and mam-
mal species are thought to be more prone to
extinction than are lower-zone specialist
ectotherms and plants (Laurance et al. 2011). For
example, in the Luquillo Mountains the eleva-
tional distribution of eight of 21 avian species
changed signi� cantly over a span of 17 yr (1998–
2015; Campos-Cerqueira et al. 2017). In East Peak



Mountains, we expect that increased frequency
of severe storms will increase the dominance of
shade-intolerant, pioneer plant species, which
will increase soil carbon storage relative to
aboveground carbon storage over the long term
(Shiels et al. 2015).

Tropical mountain cloud forests are highly
unique ecosystems that exist due to specialized
conditions, especially cloud water interception.



occurred regionally for ~150 yr; and (2) the tran-
sition from pi ~non–juniper woodland to juniper



through hydraulic distribution (Morillas et al.
2017). A state transition to juniper savanna, or
potentially to dominance by understory grasses,
such as blue grama or side oats grama
(Bouteloua curtipendula), may be in progress





evergreen, nitrogen-� xing shrub that quickly
establishes and forms 5–7 m tall monospeci� c
thickets in <15 yr. Leaf area index (12� 3) and
annual net primary productivity (ANPP,
1138 � 90 g/m2) are high (Fig. 10), resulting in a
three- to � vefold increase in ANPP as grassland
is converted to shrubland (Knapp et al. 2008).
High litterfall and low nitrogen resorption input
a substantial amount of this nutrient into an
otherwise nitrogen-limited system
(169 kg N�ha� 1�yr � 1, Brantley and Young 2008).
The role of nitrogen in woody expansion has not
been explored for this ecosystem engineer, but
enhanced nitrogen may increase grass density at
the edge of shrubs in dry grassland to facilitate
survival of shrub seedlings (Moulton 2017; L. K.
Wood and J. C. Zinnert, unpublished data).

Climate warming and a reduction in low tem-
perature events (less than � 16°C) have driven
the rapid expansion of M. cerifera



convert to shrubland are lower in biodiversity
and at higher risk of not adapting to sea-level
rise, thus affecting the mainland communities by
reducing protection from storms as barrier
islands erop-l2ry(Z7(com)inn(conv52t)-4eonv52t)5(al.nv516om)201bar(9).erop-l3(P)2s)-2odivioneropo er





change. Climate change may increase cloud base
height and reduce cloud immersion for entire
low peak-elevation cloud forests resulting in a
community composition shift to driver forest
types. Disturbance is expected to increase in
these systems, dramatically altering species com-
position at several trophic levels, biodiversity,
and nutrient cycling. Long-term research is criti-
cal to understanding how species will respond to
climate change and increased storm intensity.



Through long-term research, we have identi-
� ed drivers and trajectories of change across a
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