










way of restoring native forest species to degraded tropical
landscapes (Duncan & Chapman 2003).

In 2001, we found signiÞcant understory development
in 7-year-old Eucalyptus forests, but only 2 of 28 spe-
cies were native to Hawaii. The tiny native whisk fern,
Psilotum nudum, was insigniÞcant in terms of biomass or
abundance.Rhus sandwicensis was the only native woody
species encountered. This species is a pioneer of disturbed
areas (Wagner et al. 1999) and an important component
of secondary forests, though not at our PepeÕekeo site
where it was restricted to high-light plots (in 2001). Rhus
occurred much less frequently in plantation plots in 2006
and across the otherEucalyptus sites than the exoticCith-
arexylum caudatum, a tree species that was introduced to
Hawaii in 1931 (Wagner et al. 1999), or strawberry guava
(Psidium cattleianum), which has become very abundant
in the understory of native and exotic forests across
Hawaii (Hughes & Denslow 2005). Notably, guava had

a minor presence in our PepeÕekeo plots but was much
more common in the other Eucalyptus stands. Torenia
asiatica was not harvested in 2001, and so frequent
occurrence in our 2006 survey is difÞcult to interpret.

Fertilizer and spacing treatments resulted in signiÞcant
differences in understory biomass and species richness.
The light effect was signiÞcant for both biomass and
species richness, and this corresponds with the large
difference in light transmittance between the two spacings
(ranging from 9 to 21% difference; Giardina et al. 2003).
A nutrient effect was seen for species richness, which
was also correlated to aboveground productivity, with the
lowest number of species in the fertilized, 13 1Ðm plots.
Fertilization also tended to decrease biomass, although
the effect was not signiÞcant (p < 0.09). Across fertilization
treatments, understory biomass and species richness were
negatively correlated with the light environment (APAR

Figure 1. Biomass and species richness (�X6 SD) of the understory of
Eucalyptus saligna plantations at two levels of spacing and nutrient
treatment (none or complete fertilizer). Only the light effect was
signiÞcant for biomass, whereas both effects and their interaction
were signiÞcant for species richness. Letters indicate signiÞcant
differences using orthogonal contrasts. For the biomass data,
untransformed values are 1,895 ± 792 g; 617 ± 613 g; 8,395 ± 5,954 g;
and 6,513 ± 9,711 g (n ¼ 3 plots).

Figure 2. Results of NMS on the presence or absence of species in
plots of two light and nutrient levels.

Table 2. Correlations between plot-level plantation measurements
(from Giardina et al. 2003 and Ryan et al. 2004) and the biomass and
number of species in the plantation understory.

Ln Biomass (g) Species Richness

r p r p

Light environment
APAR (mol/m 2/month) 2 0.67 0.02 2 0.76 0.00
LAI (m 2 leaf/m2 ground) 2 0.64 0.03 2 0.94 <0.01

Aboveground productivity
(kg m2 2 yr2 1)

ANPP n.s. n.s. 2 0.67 0.02
GPP n.s. n.s. 2 0.67 0.02
Leaf NPP n.s. n.s. 2 0.69 <0.01
Litterfall 2 0.58 0.05 2 0.89 <0.01

Belowground productivity
Soil temperature (�C) n.s. n.s. 0.86 0.00
TBCA (kg m 2 2 yr2 1) n.s. n.s. n.s. n.s.

ANPP, aboveground net primary productivity; NPP, net primary productivity;
n.s., not signiÞcant.
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