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Abstract 

Sap flow rate was continuously measured in six trees of Law-us azorica at the experimental site of 
laurel forest in Agua Garcia mountains, Tenerife, Canary Islands, over 1 year from June 1993 to May 
1994. Sample trees were of different sizes and covered the whole range of species. A sigmoid-like 
relationship based on basal area was applied to scale up the transpiration data from sample trees to 
the whole stand. Maximum transpiration for the stand was 7 mm day-‘. There was strong competi- 
tion among the medium-sized trees in the high-density stand. The annual course of transpiration was 
very variable, owing to weather conditions, and was mainly controlled by the evaporative conditions. 
Contrasting with conditions in colder regions of the world with pronounced seasons, relatively high 
transpiration persisted over the mild winter. The annual total of transpiration was thus significantly 
higher, amounting to 636 mm year-’ (about 500 mm from April to October). Nevertheless, the 
transpiration represented only a small portion of stand water balance (65% of potential evaporation 
and 80% of annual precipitation in the open). 

1. introduction 

The laurel forest is an evergreen forest relict of the Tertiary Mediterranean flora vvhich 
occupied southern Europe and northern Africa about 20 million years ago (Santos, 1990). 
There are only few regions in the world where such forests remain, and one of these 
regions is the volcanic Canary Islands. The evergreen laurel forest evolved in a relatively 
uniform climate with small temperature oscillations and high moisture throughout the year 
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(Gonzalez Henriquez et al., 1986). These forests have the typical appearance of a cloud 
forest (Hollermann, 1981) and are restricted mainly to the most humid section of the 
northern (windward) slope in the middle elevations where there is a cloud belt. Originally, 
the laurel forest occupied a great part of the central and western Canary Islands. This area 
decreased when the forests were exploited for fuel and building material and when they 
were replaced by cultivated lands. Today, only small areas of these forests remain (about 
2700 ha in Tenerife). 

An experimental plot was established in 1993 in the Agua Garcia mountains, Tenerife, 
Canary Islands, to study in detail the structure, growth and other living processes of laurel 
forest species at the leaf, tree and stand levels (Morales et al., 1996a,b). Teams of research- 
ers from a number of countries are involved in these studies &archer et al., 1991; Morales 
et al., 1992; Liisch, 1993; Aschan et al., 1994; Zohlen et al., 1995). 

Forests play an important role in watershed management and form an effective erosion 
control, which is especially important in environments with steep slopes and high rainfall 
intensity. The estimation of annual values of transpiration in laurel forests will be crucial 
for the calculation of stand and regional water balances of Tenerife. Seasonal and diurnal 
dynamics of sap flow rate will explain the behaviour of species important in the stability of 
these forests and their survival. The sap flow method for estimating transpiration can be 
used continuously for long periods of time and provides an accurate method for determin- 
ing the vapour flux from the dry canopy in a forest stand (e.g. Granier, 1987; Cermak and 
Kucera, 1987; Granier et al., 1990; Diawara et al., 1991; Cienciala et al., 1992, 1994; 
Kelliher et al., 1992; Cermrik et al., 1993; Granier and Loustau, 1994; Pallardy et al., 
1995). 

The present paper is related to long-term studies of diurnal, seasonal and annual 
dynamics of transpiration, measured directly at the tree level and scaled up to the 
whole stand level. Direct measurements have been made on Laurus uzorica, as this is 
the most representative species of the laurel forest in general and the most abundant in our 
experimental plot, and from these we have scaled up to the whole stand level. 

2. Material and methods 

2.1. The experimental plot 

The experimental site is located in the Agua Garcia mountains of Tenerife (28”27’32”N, 
16”24’2O”W, at 820-830 m altitude on a slightly sloping (12”) NNE face. It was described 
in detail in our previous papers (Morales et al., 1996a,b). The climate is humid Mediter- 
ranean with an average annual temperature of 13.6”C, relative humidity of 82% and 
precipitation of 756 mm. The bedrock of the site is a mixture of olivine basalt and volcanic 
ash with high permeability and drainage. Soil type is a colluvial andosol covered with a 
layer of litter of 2-3 cm thickness. The A-horizon (O-45 cm deep) is very colluvial 
reddish clay. The B-horizon (45-90 cm deep) is andic, loamy, with a poorly developed 
organo-mineral structure and a high content of roots. Such soils are very permeable; 
underground water can flow easily down to impermeable layers and there is no water 
table close to the soil surface. The experimental stand was about 30 years old (in 1993), 
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had resprouted following cutting of the original forest, and was composed of six tree 
species: Laws azorica (Seub.) France, Persea indica (L.) Spreng., Myrica faya Ait., 
Erica arborea L., Ilex platyphylla Webb and Berth. and I. canariensis Poivet.). The 
leaf area index (LAI) of the stand was 7.8, the tallest trees reached 17.4 m in 
height and the canopy was 5.5 m thick. The total basal area of the experimental plot 
was 33.7 m2 ha-’ (see Morales et al., 1996a). Myrica represented the greatest proportion 
of it (39%), followed by Laurus (26%), Erica (20%), Persea (14%) and Zlex (2%), and 
there were 1693 trees ha-’ (38% Law-us, 27% Erica, 17% Myrica, 14% Persea and 
4% Zlex). As Laurus azorica is the most representative laurel forest species and because 
it was the most abundant in our experimental plot it was selected as the first species to be 
studied. 

2.2. Sample trees 

Representative sizes of sample trees (Laurus azorica) for measurement of the sap flow 
rate were calculated from the forest inventory data by applying the statistical technique of 
quantiles of total (Cermik and.Kucera, 1990). This technique defines that the sample trees 
are evenly distributed over the whole range of tree size and that each sample tree repre- 
sents the same amount of basal area, A has, characterizing the unit of stand area. Individual 
trees were sorted according to theirAb,, in ascending manner. Total basal area of the stand, 
(Abas)standt was then divided into a number of equal portions corresponding to the chosen 
number, m, of sample trees (this number, m = 6, was determined practically by the number 
of channels of the measuring instrument available). The portions of Abas (l-6) when added 
subsequently (1, 1+2, l+*.*+rn) and compared with cumulative Abas characterized border 
values between portions. The size of sample trees representing the portions was calculated 
using means of the portions, (Abas)staadm, multiplied by factors 0.5, 1.5;.*, 5.5. These 
values were again compared with the cumulative Abw The sizes of trees (their Abas) 
whose corresponding cumulative A b= values were closest to the products of the above 
portions and factors represented the optimum size of sample trees. 

2.3. Sap flow rate measurement 

Sap flow rate was measured with the tree trunk heat balance technique (THB), applying 
internal (direct electric) heating of tissues and sensing of temperature (Cerm&k et al., 1973, 
1982b; Kucera et al., 1977). Measuring points consisted of five thin stainless steel plate 
electrodes inserted in parallel into the sapwood and a battery of four pairs of compensating 
thermocouples (Cermik and Kucera, 1981) placed in stainless steel hypodermic needles of 
1 mm diameter and located at two different points within the sapwood so as to integrate 
temperature there. Two pairs of measuring points were installed on opposite sides (north- 
south and east-west) at breast height on every sample tree. One pair was used for about 
6 months and then replaced with the other pair. Of every pair, one was used continuously, 
and the other was used periodically to check the ratio of sap flow rate.son both sides of the 
tree. A six-channel battery-operated sap flow meter (P-602.2) with data-logger recording, 
made by Ecological Measuring Systems (EMS), Bmo, Czech Republic, was used for the 
field-work. Data were stored in the data-logger as the mean values of 15 actual values 
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measured at 1 min intervals (four values per hour, 95 per day). The sap flow rate within the 
measuring points, Q,,,,, (mean of two measuring points) was expressed for radial sections of 
tree stems of unit length and of the circumference of the xylem (LN - 1 cm). 

2.4. Scaling up the sap jlow rate and transpiration 

The above value, Q,, was multiplied by the total stem xylem circumference, La, to 
obtain the total sap flow rate of the tree, Q,; Ld was calculated by subtracting the bark 
thickness from the total circumference of the tree. Sap flow rate data of individual sample 
trees were scaled up to the experimental stand (1 ha) by a technique discussed earlier 
(Cermlk et al., 1982b; Cermak and Kucera, 1990). First, the scaling curve was calculated 
relating the sap flow of trees (or transpiration, as the daily values were considered) to their 
basal area. Then the transpiration of mean trees of individual diameter at breast height 
(DBH) classes was calculated from that equation. Finally, the transpiration of mean trees 
was multiplied by numbers of trees in classes; stand transpiration was obtained by adding 
values of all classes. 

2.5. Environmental conditions 

The meteorological data were recorded as follows. Air temperature at the level of tree 
crowns (using a platinum resistance thermometer), global radiation above the stand (with 
an SKS 1110 silicon cell pyranometer, Skye Instruments, Llandrindod, UK) and photo- 
synthetically active radiation (PAR; with an LI 190 SA quantum sensor (Li-Car, Lincoln, 
NE, USA) were measured 2 m above the canopy (on a scaffolding tower of 20 m height 
built on the experimental plot) and recorded by the data-logger of the sap flow meter 
simultaneously. Direct precipitation was also measured with a standard raingauge. Addi- 
tional data of temperature, air humidity and precipitation were also available from the 
ordinary forest meteorological station, located at 725 m altitude and about 1 km east of the 
experimental plot. Daily potential evaporation (standard stand evaporation, ET, mm day-‘) 
was calculated from the simple equation of Ttirc (1961), positively evaluated by Federer 
et al (1996): 

ET - [(R,/41868 + 50) x O.O13T,]/(T, + 15) 

where R, is daily total of global radiation (J mW2 day-‘) and T, is mean daily air temperature 

Table 1 
Soil water characteristics at the be.ginning of the study (29 May 1993) 

Depth, (cm) 

O-10 
10-20 
20-30 
Mean 

Dryba Water proportion FkpXtiOil 

density content solid matter water 
CL? cm-3 (% DW) (% vol) (% vol) 

0.581 73.1 19.4 42.5 
0.617 77.5 20.5 47.9 
0.635 67.9 21.2 43.1 
0.611 72.8 20.4 44.5 

hptiOll 

; vol) 

38.1 
31.6 
35.7 
35.1 
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(“C). Soil water estimated gravimetrically on samples with known volume at the beginning 
of the study (on 29 May 1993) is shown in Table 1. 

3. Results and discussion 

3.1. Sap jibw rate in Laurus sample trees 

3.1.1. Diurnal courses and maxima 
Fig. 1 shows that the sap flow rate started early in the morning in all Laurus sample trees 

during fine weather. The sap flow responded sensitively to precipitation and to changes of 
illumination caused by passing clouds, as shown by the example of diurnal courses for a 
period of 16 days during which the weather changed rapidly (Fig. 2). Maximum daily 
transpiration of the largest sample tree was over 90 dm3 day-‘, and that of the (rare) largest 
tree of the experimental stand during cloudless days and under high evaporation demand 
was over 100 dm3 day-‘. Data of maximum sap flow rate or transpiration actually found in 
the field and calculated for different dimensions as the mean of 4 days with the highest sap 
flow are given in Table 2. Data expressed per tree were of the same order as found 
by Cienciala et al. (1992) in Picea abies growing in Sweden, and by K(istner et al. 
(1992) in a temperate broad-leaved forest of Nothofagus in New Zealand. Masarovicovi 
(1992), using lysimeters, found the same range of water uptake in Quercu(s dulechampii 
and higher values in Q. robur (154 dm3 per tree) in Central Europe. Much higher sap 

0,20 

IO,15 

Solar time [h] 

Fig. 1. Top: individual variation in sap flow rate expressed per unit segment of xylem (Qwy) in five Lams sample 
trees during 1 day record of its diurnal curves under cloudless weather. Sample tree number: l(0); 2 (X); 3 (A); 4 
(M); 5 ( x ). Bottom: variation of global radiation (A), and air temperature (H), during the same day. All points 
represent mean values per hour. 
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Fig. 2. Top: example of the continuous record of sap flow rate per unit segment of xylem (Q,,,,) in two Laurus 
sample trees, during 16 days with variable weather during winter (from 17 December 1993 to 1 January 1994). 
Bottom: global radiation (thin line) and air temperature (thick line) during the same period. On Days 22-29 the 
precipitation amounted to 50 mm, so the sap flow was insignificant. 

Table 2 
Maximum sap flow rate (mean from 4 days with the highest annual sap flow rate) in Laurus sample trees of 
different size, calculated for various dimensions 

Sample Sample Unit Basal Ground Leaf Leaf W 
tree tree segment area 
no. (dm3) 

plallarea drywt. area 
(dm3 cm-‘) (dm3 m-*) (dm3 m- *) (dm3 kg-‘) (dm3 m-*) (dm3) 

Daily 1 91.7 1.177 1784 4.95 4.43 0.61 11.4 
total 2 65.9 0.984 1743 4.71 4.30 0.59 8.3 

3 67.8 1.092 2080 4.89 5.11 0.71 9.8 
4 45.2 0.856 1899 4.11 4.62 0.63 7.0 
5 28.0 0.558 1296 3.18 3.16 0.43 3.8 
6 10.1 0.207 492 1.38 1.19 0.16 1.2 
Mean: 51.4 0.812 1549 3.87 3.80 0.52 6.9 

Daily 1 8.84 0.113 172 0.48 0.43 0.059 1.1 
maximum 2 7.02 0.104 186 0.50 0.46 0.063 0.9 
per 3 6.06 0.097 186 0.44 0.46 0.063 0.9 
hour 4 6.66 0.126 280 0.61 0.68 0.093 1.0 

5 3.63 0.072 168 0.41 0:41 0.056 0.5 
6 0.61 0.012 30 0.08 0.07 0.010 0.1 
Mean: 5.47 0.087 170 0.42 0.42 0.058 0.7 
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flow rate values (up to 400 dm3 day-‘) were found in floodplain forest Q, robur L. (Cermtik 
et al., 1982a). 

3.1.2. Daily water storage 
The diurnal curves were asymmetric in terms of their shape and position of maximum of 

irradiation at midday (see Fig. 1). That is why, depending on the position of the sun and of 
the tree crowns, the response was sometimes delayed or less pronounced. The assessed 
time shift of the sap flow rate behind transpiration (considered to have a similar course to 
radiation) was around 1 h, but Q,.,, continued at a low and decreasing rate until late 
evening. These deviations between diurnal courses of sap flow and transpiration are 
related to changes in tissue water content, and they have been observed in other tree 
species (Whitehead and Jarvis, 1981; Cermaik et al., 1982b, 1984a; Schulze et al., 1985; 
Wronski et al., 1985; Mime, 1989). Although the differences between sap flow and 
transpiration are important over short periods of time, they can be neglected for daily 
totals (Cienciala et al., 1992). 

Tree water storage used during the day can be roughly assessed to be about 10% of 
daily transpiration for most sample trees during cloudless hot weather. This value is 
relatively small compared with other temperate woody species (Cermak et al., 1982b, 
1984a; Schulze et al., 1985; Cienciala et al., 1994). However, as it approaches 
0.4 mm day-’ for the forest stand it should be considered in more detailed hydrological 
models. 

3.2. Variation of sap fzow within and between trees 

3.2.1. Internal variation 
Table 3 shows that the internal (i&a-individual) variation of the sap flow, i.e. variation 

in flow around stems of sample trees (mean differences between simultaneously inspected 
individual measuring points, south-north and east-west) reached an average value of 
12%. This variation was lower in large and in small trees but higher in medium-sized 
trees, probably reflecting irregularities during changes in their social position when mov- 
ing from the upper to the lower canopy (Cermaik and Kucera, 1990). 

3.2.2. Differences of internal variation between trees 
Although individual values of maximum sap flow rate per hour and maximum daily 

totals were larger in larger trees, sap flow expressed per unit of basal area was higher in 
trees of medium size (see Table 2), suggesting tb.at medium-sized trees utilize their 
structure more efficiently. Vigorous large trees have to allocate more carbon into the 

Table 3 
Internal variation of the sap flow; mean differences between individual measuring points (north-south and 
east-west) in the sample trees (tree number given in parentheses) characterized by their diameters at breast 
height (DBH) 

DBH (cm) 24 (1) 21 (2) 19 (3) 17 (4) 16 (5) 14 (6) 19 (Mean) 

Difference ( * %) 2.8 3.1 14.6 30.6 11.7 9.3 12.0 
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supporting structures, and very small trees, which hardly survive under high competition 
in the canopy, have limited income of solar energy and are incapable of acquiring suffi- 
cient carbon to keep their conducting system functioning properly. However, increased 
efficiency is often caused by increasing limiting resources, of which light seems to be the 
most important in stands of high density and relatively shallow main green canopy, as in 
the case of the Agua Garcia stand, which has a canopy thickness of about 5 m (Morales 
et al., 1996a). This is evidently responsible for the uneven development of crowns, which 
creates a large percentage of curved and bent stems visible all over the laurel forest stands 
and may be the subject of silvicultural treatment. 

3.2.3. Persistence of variation 
The diurnal course of sap flow rate differed slightly in individual trees according to 

local shading of their crowns (see Fig. 1 and Fig. 2). Irrespective of environmental 
and natural individual variation of sap flow, the persistence of behaviour of Laurus 
trees throughout the year was very important. The ratio of sap flow between indivi- 
dual trees did not change significantly during the study period, suggesting relatively 
stable soil water supply even during a hot summer and similar ranking of different 
social positions between trees. Trees were evidently not greatly dependent on variable 
surface soil water, but they probably absorbed most water from deeper soil layers 
with extensive sparse root systems, so the water uptake was more uniform, thus 
avoiding local depletion of soil water. 

3.3. Scaling up from sample trees to forest stands 

3.3.1. Relation of sap flow to biometric parameters and scaling 
Daily sap flow rate in individual trees, Qwt, showed the best fit to their basal area, A,,=, 

when a sigmoidal relationship was applied, particularly the Gompertx equation in the form 

QWt = aexp[ - bexp( - cAbas)] 

where the coefficients a, b and c are 99,5.5 and 0.0055, respectively. Basal area explained 
95% of the spatial variability of the species, with a mean error of about 12% when using 
six sample trees, and thus could be well applied for scaling to the stand level. It is clear that 
the amount of foliage is theoretically better related to transpiration, but in contrast toAbss it 
camrot be directly measured on individual trees, and estimated values might introduce 
much larger errors than applying Ab,, especially in trees with typical irregular crowns. 
There might be a somewhat larger error in estimating QW values for trees outside the range 
of the studied species; this will be overcome by subsequent measurement of other species 
in further studies. The mean daily transpiration of mean trees of different DBH classes 
calculated from that relationship is shown in (Fig. 3(a)), and the number of trees was 
higher in small classes around DBH of 12-14 cm (Fig. 3(b)). The values of QW, derived 
from the scaling curve, multiplied by the number of trees by classes gave the daily mean 
transpiration of trees in individual DBH classes. These values were higher in larger classes 
(DBH 16-24 cm), which represent the most important functional part of the stand (Fig. 
3(c)). The slope of the scaling curve was rather steep, as found in cumulative leaf 
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Fig. 3. Diagram applied for scaling of transpiration from individual sample trees to various DBH classes and to 
the experimental stand. (a) Mean daily transpiration of mean trees of DBH classes calculated from the scaling 
curve. (b) Number of trees in DBH classes. (c) Mean daily transpiration of all trees within every class (mean daily 
stand transpiration, obtained by summing values of classes, was 2.3 mm day-‘). 

distribution of the stand (Morales et al., 1996a), which suggests that most of the competi- 
tion took place between medium-sized trees. 

3.4. Transpiration of laurel forest stand 

3.4.1. Annual course of daily transpiration 
High values of stand transpiration (mean of three subsequent days was about 

5 mm day-‘) occurred under cloudless weather in different summer months; the seasonal 
maximum, observed during several days in mid-August with extremely high temperatures, 
reached 7 mm day-’ (Fig. 4). These values were higher than those obtained by Kelliher et 
al. (1992) in coniferous forests (median of maximum daily evaporation rates of 
4.0 mm day-‘) and that found by Breda et al. (1992) in a Quercus petrea stand 
(3.8 mm day-‘), but lower than those found in dense plant canopies well supplied with 
water during summer in South East Australia (9-10 mm day-‘) or in the European Alps 
at high elevation (9 mm day-‘) (data of various workers given by Jones (1992)). 
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8, 

Fig. 4. Annual course of stand transpiration (daily totals) of laurel forest calculated from the continuous record of 
sap flow rate in the set of Laurus sample trees from June 1993 to May 1994 (annual stand transpiration, obtained 
by summing stand daily values, was 636 mm). 

Transpiration was lower during autumn and winter, when there were more frequent rainy 
or foggy days. The annual mean of transpiration was 2.3 mm day-‘. Other papers (in 
preparation) are focused on more detailed analysis of transpiration in relation to meteor- 
ological factors. The results obtained probably represent one of the longest directly mea- 
sured continuous records of sap flow rate at present, and the first in the Canarian laurel 
forest. 

3.4.2. Monthly transpiration 
Precipitation was not regularly distributed during the year: it was very scarce during 

summer months, and reached almost 250 mm in November (Pig. 5). Similarly, monthly 
potential evapotranspiration was higher during summer months (up to 130 mm). This gave 
a maximum climatic water deficit of about 130 mm in July and August and a surplus of 
about 200 mm of water in November. The cumulative climatic water deficit peaked at 
about 200 mm in August-September; therefore monthly transpiration increased to 
100 mm in August. 

Estimates of monthly transpiration for ash (Fraxinus excelsior) and beech (Fagus 
silvatica) stands in southern UK gave maximum values of 109 mm and 135 mm, respec- 
tively (Roberts and Rosier, 1994), values which are in the range found in laurel forest 
although the former stands had values of LAI significantly lower (2.7 for ash and 5.3 for 
beech) than in laurel forest stand. 

3.4.3. Total seasonal and annual transpiration 
The annual total transpiration from June 1993 to May 1994 amounted to 636 mm year-‘, 

being higher during summer months (April-October) than during winter months 
(November-March). Table 4 shows that the relationship of transpiration to climatic 
conditions varied substantially with time of year. The precipitation in the open was 
more than twice as high in winter than in summer. However, the potential evaporation 
was almost three times as high in summer compared with winter. In summer, transpiration 
was about two-thirds of potential evaporation and twice the precipitation. In winter, 
transpiration was about a half of potential evaporation and almost a third of precipitation. 
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Fig. 5. Monthly and annual totals of precipitation (P), potential evaporation (ET), climatic water deficit (dET = 
P-ET) and transpiration (2’) of laurel forest from June 1993 to May 1994. 

In fact, total water supply to the stand could be a little different than that considered here. 
Contribution of fog precipitation, interception of precipitation and stem flow are being 
studied on the site. Fog drip may be an important additional water source in these forests, 
but although it is important along mountain crests and wind exposed sites, on slope sites 
(such as Agua Garcia) with a nearly stagnant cloud layer it may be insignificant, (K&nmer, 
1974; Hollermann, 1981). 

3.5. Evaluation of transpiration of the laurel forest 

3.51. Transpiration of laurel forest compared with other forests 
Transpiration of 636 mm year-’ in laurel forest is in the range of forests and stand of 

trees (from 200-400 mm year-’ in forested steppe of Russia to 2300-3000 mm year-’ in 
tree plantations of Java; data from various workers given by Larcher (1983)). 
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Table 4 
Annual and seasonal totals of laurel forest stand transpiration, precipitation (P) and potential evaporation (ET) 
from June 1993 to May 1994 

Potential Precipitation Transpiration laurel forest 
evaporation 
(mm) (mm) mm %ET %P 

Annual total 977 797 636 65.2 80.0 
Summer (Apr.-Ott.) 707 249 488 69.2 195.9 
Winter (Nov.-March) 270 548 148 54.9 27.1 

Proportion of annual 100 100 100 - 
Summer (Apr.-Ott.) 72.3 31.3 76.7 - 
Winter (Nov.-March) 27.7 68.7 23.3 

Considering the size of Laurus sample trees, their seasonal, daily and maximum actual 
transpiration were high, approaching the upper limit of values observed in many other 
broad-leaved species (Cerm&, 1991; Pallardy et al., 1995), e.g. annual stand transpiration 
of laurel forest was significantly higher when compared with forest stands in other geo- 
graphical regions. For example, in southern UK the annual transpiration in I;raxinu.s 
excelsior and Fagus silvutica stands was 407 mm and 393 mm, respectively (Roberts 
and Rosier, 1994), and in conditions of Central Europe seasonal total (over the leafy 
period from May to October) of stand transpiration in Quercus petraeu in highlands 
was found to be 200-350 mm, i.e. 40-70% of potential evaporation, and in Quercus 
robur in lowland floodplain forest 260-470 mm, i.e. 60-80% of potential evaporation 
(higher numbers represent the highest observed values of seasonal transpiration under 
good water supply and predominantly fine weather and lower numbers transpiration 
under predominantly cloudy weather or drought) (Cermak et al., 1982a,b, 1984b, 1991; 
Pallardy et al., 1995). The last percentages of potential evaporation were rather close to 
those observed in laurel forest during the summer period (see Table 4), which correspond 
to the growing period of the above-mentioned species. The percentage of precipitation 
(80%) in laurel forest was the same as that found in evergreen rainforests of Kenya (data 
from various workers given by Iarcher (1983)). The observed annual variation of 
transpiration (see Fig. 4) suggests that transpiration of laurel forest in 1993-1994 did 
not reach its potential, owing to frequent cloudy weather. 

3.5.2. Importance of daylength and length of growing season 
The high value of annual transpiration was not surprising in a sub-tropical region. 

However, there were contradictory causes for this. It is clear from the records that during 
the diurnal period the sap flow took place in a rather short time, owing to relatively short 
days in the region. The longest days were about 14 h day-r, when the sunrise was at 
05:OO h and the sunset at 19:000 h (solar time). Naturally, this was less than in sub-boreal 
regions; e.g. daylength was about 16 h day-’ in Sweden (Cienciala et al., 1992). In con- 
trast, the annual course of transpiration was much longer in this sub-tropical region owing 
to the uninterrupted growing season throughout the year. This impact prevailed on the total 
annual value of stand transpiration. 
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4. Conclusions 

Launcs trees and forest transpired a large amount of water under prevailing fine weather 
conditions. The high annual transpiration of the Agua Garcia laurel forest was the result of 
both the high level of individual tree transpiration and especially the length of growing 
season, which persisted throughout the year in the sub-tropical islands. The high daily 
transpiration was caused by high daily maxima around noon, as transpiration took place 
for only relatively short diurnal periods. The transpiration was maintained throughout the 
year, as indicated by the behaviour of trees, which suggests more uniform conditions of 
water supply, probably from deeper soil layers. 

The hydrological role of laurel forests, which transpired significantly lower amounts of 
water than that coming to the site by precipitation and less than that reached by potential 
evaporation, was positive. For more precise evaluation of this role and the living strategy 
of the species, quantification of all parts of the stand water balance and evaluation of tree 
and stand transpiration in relation with other physiological processes scaled for the same 
level of biological organization is required. This is the task of further research at the site. 
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