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Abstract: The results of ongoing research into plant-fog interactions in both California (USA) and Chile are reported. 
These studies have shown that in the coastal Redwood (Sequoia sempervirens) forests of California, fog can 
represent 25-50% of all water input each year and that this input is due to the presence of the trees themselves; when 
trees are absent inputs decline by more than 30%. Stable isotope analyses of source and plant waters have shown 
that forest plants use fog, yet it is particularly important for understory species and in drought years. These data show 
a strong interaction between plants and fog and that climatic factors which would act to enhance or dissipate fog (e.g., 
warmer temperatures, drought, El Nino events) could have important ecological consequences for fog-inundated 
ecosystems. Our comparative research on plant-fog interactions in forested coastal areas of northern California and 
Chile is now exploring (1) the influence of fog on plant water, carbon and nutrient balance, (2) the role of fog in forest 
regeneration, (3) the importance of fog in the biogeochemical and hydrological cycles in these two zones, and (4) the 
influence of climatic events like El Nino on fog and fog inputs. Preliminary data show that fog can be an important 
source of nutrients for plants and than plant photosynthesis (carbon balance) is positively influenced by the presence 
of fog. Studies on tree seedling establishment in Chile are now showing a marked and positive influence of fog on 
seedling numbers. An ongoing analysis of fog and rainfall frequency in relation to El Nino and drought cycles is also 
well underway and will be discussed.  
 
1. INTRODUCTION  
Fog is an important source of water in many coastal regions of the world which are characterized by arid, semi-arid or 
Mediterranean types of climate. Investigations of fog inputs to these coastal ecosystems have shown that fog can 
comprise a significant faction (20-80+%) of the total inputs of water and can therefore have a marked influence the 
local and regional hydrologic balance (Schemenauer and Cereceda, 1991). While numerous claims and much 
speculation exist about the importance of fog water inputs for the plants which inhabit these regions (Cannon 1901, 
Cooper 19911, Azevedo and Morgan 1974), few reliable data exist (but see Dawson, 1996, 1998; Huntley et al., 1997, 
Ingraham and Matthews, 1995 and the data presented here). Therefore plant-fog interactions are poorly understood.  
Here, we report the results from ongoing studies in the coastal semi-arid region of central Chile characterized by 
patchy, discontinuous forest at Fray Jorge (300 42'S, 710 43'W) and the coastal Mediterranean region of northern 
California (USA; along the Klamath River, at 410 33'N, 1240 4'W) characterized by a band of continuous Redwood 
forest, home to one of the largest and tallest tree species in the world (Sequoia sempervirens). 
 
1.1 Methods  
Fog water inputs was quantified in two ways: with passive fog collectors modeled after the designs of Falconer and 
Falconer (1980) and Goodman (1985) and with whole-tree drip-collectors placed beneath entire tree canopies (see 
details in Dawson, 1996, 1998). These data were collected continuously for three years. Plant use of fog water was 
determined using an analysis of the stable oxygen (0180) and hydrogen (oD) isotope composition of fog and rainfall, 
soil water at different depths, and water within the water transport tissues (xylem water) following the sampling 
procedures of Dawson and Ehleringer (1993). Isotope values are reported in 'delta' notation (%0) relative to the 
international standard, V -SMOW (see Ehleringer and Dawson, 1992). A plot of the relationship between oD and 0180 
in metororic waters (rainfall and fog) is first determined to quantify the local isotope meteoric water line (Craig, 1961). 
An isotopic mixing model was then applied to the oD and 0180 data from plant xyelm water to determine the 
proportion of each water source used by each plant species (after BruneI et aI., 1995). A similar approach has been 
used by Ingraham and Matthews (1995) at Point Reyes, California and in Chile (Aravena et al., 1989) Regional 
meteorological data used in our modeling analyses was obtained from the National Oceanic and Atmospheric 
Administration web-site data base. 
 
1.2 Results  
In California, past studies (see Dawson, 1996, 1998) have shown that fog can represent 25-50% of all water input 
each year and that this input is due to the presence of the trees themselves (fog stripping); when trees are absent 
inputs decline by more than 30% (Fig. 1, next page).  
Stable hydrogen and oxygen isotope analyses of source waters (e.g., rainfall, fog, ground/soil water) and the water 
used by several of the dominant plant species (e.g., xylem water) has shown that all forest plants use fog during 



summer and that this water source is particularly important for understory species (Fig. 2, next page). For many plant 
species inhabiting the Redwood forest we found that in drought years or years where fog inputs decline along the 
California coast (e.g., during El Nino events), fog was utilized to a greater extent probably because soil and ground 
water became less available (Table 1). Preliminary evidence also shows that the proportional dependence by plants 
on fog water declines along coast to inland gradients (T .E. Dawson, unpublished data).  
 
Table 1. The proportion of fog used by different plant groups inhabiting the Redwood forest between July and 
November (fog season) in  
 
I. Average Year (1992) Trees 12-25% Shrubs 10-46% Herbs 19-50%  
II. Drought Year (1994) Trees 20-51% Shrubs 6-33% Herbs 28-100%  
III. El Nino Year (1993) Trees 7-40% Shrubs 6-50% Herbs 10-72%  
 
In central Chile, ongoing investigations are showing that fog water inputs are highest in large forest patches compared 
with small patches or in open areas outside of the forest (Fig. 3, next page). Isotopic evidence now shows that the 
plants were found to be using fog as a water source. Moreover, preliminary evidence shows that the increased fog 
water inputs to large forests patches appears to correlate with increased tree seedling recruitment, increased plant 
species density and diversity, and marked changes in soil nutrient concentrations (P. E. Vidiella, unpublished data).  
 
1.3 Conclusions  
Our data from California (in Dawson, 1996, 1998, and here) and Chile show that there is a very strong interaction 
between plants and fog. The nature of this interaction can take on different forms, however, in these two different fog-
inundated ecosystems. In both ecosystems, it is clear that fog water plays an important role in the ecology and 
physiology of all plants. In California, the interactions between fog inputs and plants is strong and appears to be 
influenced significantly by particular climatic factors which would act to enhance or dissipate fog (e.g., increased air 
temperatures, drought years, El Nino events). This same sort of relationship mayor may not be present or as important 
in Chile. However, our analysis still demonstrates that fog water inputs do have important ecological consequences for 
not just the plants but for the entire fog-inundated ecosystems of California and Chile.  
Our comparative research on plant-fog interactions in the coastal areas of northern California and central Chile is now 
exploring the influence of fog on plant and ecosystem water, carbon and nutrient budgets which includes a large-scale 
investigation of the biogeochemical and hydrological cycles in these two zones. Preliminary data from these studies 
are showing that fog can be an important source of nutrient inputs or influence site nutrient balance, and that the daily 
course of plant photosynthesis (i.e., carbon income) can be increased by nearly 20% when fog is present (T .E. 
Dawson, unpublished data). Modeling research is currently investigating the influence of climatic events like El Nino 
and drought cycles on fog formation and fog inputs. The predictions from these model results will be used to 
investigate the consequences of variation in fog water inputs for long-term forest health. Research, primarily in the 
forests patches in Chile, is underway investigating the linkage between fog and rainfall frequency and the forest 
ecology (e.g., seedling establishment and forest regeneration), plant ecophysiology (e.g., water relations and fog 
water utilization by different species), and the management and conservation of forest patches in these unique coastal 
ecosystems. Similar work is planed to begin in the Redwood forest of California in 1999. 1.4 Acknowledgements  
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