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Past studies have reported two unusual aspects of the water relations of the atmospheric CAM epiphyte 
Tillandsia usneoides L. (Bromeliaceae): a drought stimulation of nocturnal C 0 2 uptake, and nocturnal ab
sorption of water vapor. Contrary to past reports, a 10-d drought did not stimulate nocturnal C0 2 uptake 
in this species. On the other hand, previous reports of nocturnal water vapor absorption were confirmed in 
situ throughout a year, although tissue hydration from this source was insufficient to offset daytime water 
loss. Deposition of dew on the plants was never observed in the field. It is hypothesized that the unusual 
nature of the water relations of T. usneoides is attributable to the interactions between two "pools" of water 
and the external atmosphere. The dense indumentum of trichomes obscuring the surface of this epiphyte 
comprises one pool and is most likely responsible for rapid hydration early in the night and dehydration 
early in the day. In addition, stomata control water loss from the living mesophyll cells, the second pool, 
for the remainder of the night. The high rates of water loss observed throughout the day when stomata are 
closed probably result from leakage through the trichomes. 

Introduction 

Based on their life forms, most epiphytic mem
bers of the Bromeliaceae can be divided into two 
main groups—the tank and atmospheric types 
(BENZING 1973, 1980). The former species possess 
broad, rosulate leaves whose bases overlap such 
that numerous, small catchments intercept and re
tain water as well as plant and animal detritus. Tank-
forming epiphytes and their terrestrial counterparts 
exhibit similar water relations (BENZING and REN-
FROW 1971; ADAMS and MARTIN 1986). On the other 
hand, the atmospheric-type bromeliads, with re
duced, highly absorptive shoots, have no external 
source of water, except during rains, and some, 
such as Tillandsia usneoides, lack specialized water 
storage tissue (BENZING and RENFROW 1971). Thus, 
atmospheric epiphytes are likely to experience 
drought frequently, especially if rainfall frequency 
is erratic. Vulnerability to desiccation is to some 
degree reduced by Crassulacean acid metabolism 
(CAM) (BENZING 1980), a characteristic of all at
mospheric epiphytes and many other inhabitants of 
arid habitats (KLUGE and TING 1978). In addition 
to physiological adaptations which minimize drought 
stress, the very thick boundary layer resulting from 
the dense indumentum of trichomes on atmo
spheric epiphytes presumably further restricts water 
loss by increasing leaf boundary layer thickness 
(BENZING et al. 1978; LUTTGE et al. 1986; but see 
JOHNSON 1975). 

The few investigations of the water relations of 
atmospheric epiphytes have reported two unusual 
findings. Unlike all other higher plants, these epi-
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phytes reportedly absorb substantial amounts of 
water vapor from the atmosphere (SCHIMPER 1 8 8 4 , 
1 8 8 8 ; PICADO 1 9 1 3 ; PENFOUND and DEILER 1 9 4 7 ; 
VIRZO DE SANTO et al. 1 9 7 6 ) . Little work has been 
reported beyond these earlier f indings. Further
more, such unusual behavior has not been reported 
in three atmospheric species of Tillandsia in two 
studies (BIEBL 1 9 6 4 ; BENZING and DAHLE 1 9 7 1 ) . 
To further complicate matters, water vapor ex
change data have been conspicuously absent from 
studies of gas exchange in these plants. Instead, 
brief statements are made about difficulties in mea
suring the low rates of water vapor exchange as 
well as indications of, but no data on, brief periods 
of water vapor uptake and loss (LANGE and MEDI
NA 1 9 7 9 ; MARTIN and SIEDOW 1 9 8 1 ; MARTIN and 
PETERS 1 9 8 4 ; MARTIN and ADAMS 1 9 8 7 ) . The pu
tative absorption of water vapor at night is difficult 
to reconcile with the physiology (CAM) of atmo
spheric epiphytes. Given normal water potential 
gradients, it seems highly unlikely that water vapor 
is absorbed by the plant when the stomata are open 
at night. 

There are several reports of an unusual drought-
induced enhancement of nocturnal C 0 2 uptake in 
Tillandsia usneoides. Diurnal measurements of C 0 2 

exchange in this species clearly showed increased 
rates of nocturnal C 0 2 uptake in plants at 8 0 . 2 % 
tissue water content compared with those at 8 2 . 3 % 
(KLUGE et al. 1 9 7 3 ) . Based on these f indings, sev
eral authors have concluded that modest tissue de
siccation sometimes enhances CAM activity (ME
DINA et al. 1 9 7 7 ; KLUGE and TING 1 9 7 8 ) . Further 
studies with T. usneoides have supported this con
clusion. In situ measurements of nocturnal C 0 2 up
take in plants in North Carolina indicated that lower 
tissue water contents during rainless periods were 
not correlated with decreased CAM activity (MAR-
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