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SUMMARY 

 

 

The five research units (Arequipa, Florence, Padua,  Santiago and Toulouse) after a five years 

work fulfilled the main objectives of the research: to verify the possibility of rehabilitation of 

the Lomas ecosystem through reforestation supported by fog water. 

Preparatory activities were focused on a better knowledge of the environment: meteorology, 

climatology, fog behavior, flora and fauna, auto-ecological aspects, socio-economic and 

institutional aspects. 

Research activities in the field started with a measurement campaign of fog collection in 

different locations of the study area. 

After the choice of the Las Chucillas  area, the experimental station was built up: 20 large fog 

collectors, 3 reservoirs, the drip irrigation system, a nursery, a guest house, the experimental 

plot, fences etc.. 

Growth and survival of planted trees were accurately monitored in the research period. (with 

and without irrigation support). 

Other important side-research  were performed: identification (with cartographic output) of 

the various lomas vegetation types, fog collection measurement on planted trees, hydrological 

survey on some Caesalpinia spinosa forest relic and  wind tunnel trials on various kinds of 

meshes. 

 The main results of the research may be summarized as follows: 

 

 the area of Mejía has shown in the three and a half years of survey a very good 

potential for fog water collection.  Fog is definitely a water resource that can be 

used for domestic, agriculture/forestry  and ecological purposes; 

 the lomas trees and shrubs may survive with the only water contribution  by 

fog capturing (of course overgrazing and tree cuttings must be avoided); 

 re-forestation  without irrigation support gives unsatisfactory results in terms of 

survival and growth of plants; 

 irrigation support may be stopped after two years: the trees grew enough for 

capturing a sufficient amount of fog for their survival; 

 in the experimentation conditions (the best place in the area for fog capturing, a 

reasonable distance between capturing and utilization) the cost of water was, all 

included, 0.8 US $/m
3
. Small reductions may be expected by a better positioning of 

fog collectors and by using meshes with the most appropriate air permeability. 

 in general the cost of fog water utilization may be justified if no other water 

resource is available. However, considering a complementary irrigation of the 

adopted amount of 1 liter per day per tree, a two years irrigation support will cost 

the reasonable sum of roughly 0.6 US$/tree.   
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1. GENERAL OBJECTIVES 
 

1.1. to evaluate the potential of fog as a resource of water 

 

1.2. to study the relationship between fog and trees 

 

1.3. to verify the possibility of rehabilitation of the Lomas 

       ecosystems trough re-forestation supported by fog 

 

1.4. to evaluate the economic viability of fog water utilization in  

       accordance with the institutional and social context 

 

 

2. SPECIFIC OBJECTIVES 

 

 

2.1. to study the meteorology of the southern coastal areas of 

       Peru 

 

2.2. to study flora and fauna of these areas 

 

2.3. to build-up an ecological vegetation map of these areas 

 

2.4. to study the socio-economic and institutional context  

 

2.5. to understand the fog behavior in the area of Mejia 

 

2.6. to measure the fog collection in different locations of the area  

      of Mejia 

 

2.7. to establish a relationship between wind direction and speed  

      and fog water collection 

 

2.8. to evaluate fog collection efficiency by meshes trough lab 

       trials (wind tunnel) 

 

2.9. to analyze survival and growth of planted trees with and  

       without irrigation support, with and without treeshelters 

 

2.10. to evaluate the fog collection capabilities of planted 

        trees according to crown structure and morphology 

 

2.11. to measure fog collection by Caesalpinia spinosa old trees 
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3. ACTIVITIES 

 

3.1. Collection and processing of meteorological data 
 

3.2. Collection and processing of data on flora and fauna 

 

3.3. Collection of data in order to build up an ecological vegetation map 

 

3.4. Site selection 

More than 10 locations were studied during the first year. These locations were chosen 

according to the following  parameters: altitude, distance from the sea, slope orientation and 

form of the relief.  The data on fog water collected were measured daily.  Temperature, wind 

speed and wind direction also were measured in each site.  After six months of measurements, 

the area of Cerro Cuchillas showed the best yield.  

3.5. Fog collectors 

       In 1996, 20 large fog collectors were constructed in the ridgeline of Cerro Cuchillas. Each 

of them had a surface collection (Raschel Mesh) of 48 sm. for a total of 960 sm. 

3.6. Wind tunnel trials are fog collectors 

In order to support the field work, a research line aimed at investigating how the undisturbed 

flow becomes complex due to the presence of the fog collectors was established. Their 

presence originates changes in the flow patterns of fog flow as well as turbulent effects given 

by the interaction wind-structure. 

An interaction between research activities in the laboratory and in the field was required; 

during the first phase, field investigations were conducted to characterize the modifications 

induced to the motion by the presence of obstacles and, secondly, wind tunnel trials, planned 

and built especially for the purpose, of getting qualitative information on the motion itself. 

The fog collector was reproduced in scale and tested under different conditions, in terms of 

changing the capturing mesh. 

3.7. Irrigation system 

Twenty fog collectors were located in the area of Las Cuchillas at an altitude of more than 

800 m a.s.l. mainly because of the high capturing rate of this site; they were 9 double (96 m2) 

and 2 simple (48 m2) for a total capturing area of 960 m2. 

Water volume was stored in reservoirs and then used during the year to feed the transplanted 

plants. In particular, the hydraulic network for storing and distributing water to the parcels is 

made up of two different reservoirs, one located in Las Cuchillas area and the other 

100 meters below near the plots. The 20 fog collectors are connected with a 32 mm PE pipe 

which feeds a rectangular reservoir (40 m3) located close to the collection system. The upper 

reservoir has two main purposes, the former is to favor the sedimentation of suspended 

material and the latter to allow the regulation of the water flowing to the principal reservoir of 

350 m3 volume. 

The two reservoirs are connected with a 32 mm diameter pipe. The small reservoir has an 

approximate size of 30m1.5m1m, the main one of 50m3.5m2m, and both have 

rectangular shape and trapezoidal section. The two reservoirs were dug using an excavator, 

and the bottoms were adjusted by hand and smoothed with clay in order to prevent tears in the 

just 0.7 mm thick plastic sheet used to line the two reservoirs.  

The main reservoir was covered with another plastic sheet in order to reduce the evaporation 

and to prevent the deposition of fine material lifted by the wind on the water surface. Another 

reservoir, not planned at the beginning of the project, was dug by taking advantage of a 

depression in the ground close to the main reservoir with a capacity of 200-250 m3 
and was 
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endowed with a 1.5 m high embankment. At the end of August 1996, the two reservoirs were 

already full of water. 

Departing from the main reservoir, a 32 mm diameter pipe conveys water to the experimental 

plots. Two filters are mounted before the drip irrigation system to prevent the clogging of the 

emitters. The filtration group is made up of a sand and a mesh filter. From the filtration group, 

a 32 mm diameter pipe reaches the mini-tanks, plastic containers of 200 liters volume, from 

them, a 20 mm diameter pipe, gets to the plots. 

The slope of the plots area varies from moderate to strong and ploughing operations were 

really hard to do with ordinary machines.  

The altitude varies between 740 to 600 m a.s.l.. The area was fenced in order to prevent the 

entrance of animals and to protect it from any disturbance to the experimental equipment‟s. 

The area is divided in two different sub-areas (called test 1 and test 2) at a distance of 200 m; 

each one is divided in two blocks and each block contains 6 plots (15m15m). In each plot, 

trees and shrubs were planted and each plot was characterized by a different treatment in 

terms of the irrigation period length and presence or absence of a protection pipe around the 

plants. The duration of the irrigation period was studied to establish the sufficient length to 

insure the plants surviving before they could capture enough fog by themselves.  

Each plot contains 36 trees of five different species and 13 shrubs of four species. As regards 

trees, they are: Caesalpinea tinctorea, Casuarina equisetifolia, Parkinsonia aculeata, 

Prosopis pallida, Acacia saligna; as regards shrubs they are: Acacia macracantha, Acacia 

horrida, Heliotropum spp, Duranta spp. 

3.8. Test site 

The experimental program was carried out in the field station of Las Cuchillas, in the district 

of Valdividida (La Curva) located at 760 m a.s.l..  

An area of 42.000 m2  surrounding the test sites was fenced to avoid grazing damage. In order 

to favour the establishment of seedlings, the ground of the test sites was prepared by ripping. 

Between June and July  1996, 1296 trees were planted according to a random-block 

experimental design. The blocks were located in two different areas with an altitude 

difference of about 50 m. Four blocks were created and then divided into 6 plots. 36 trees 

were planted, at a relative distance of 3m, in each one of the plots. Tree species were 

randomly placed  in the frame of the plot. Five species were selected for the experiment, two 

of these are exotic plants [Acacia saligna (As), and Causarina equisetifolia (Ce)] whereas 

three are indigenous or naturalized [Caesalpinia spinosa (Ct), Parkinsonia aculeata (Pa) e 

Prosopis pallida (Pp)]. Besides the above mentioned plants, also two cohorts (6 and 12 

months old) of Ct were treated as different species. In order to check the response of seedlings 

to water supply, 3 different time spans of  irrigation were tested. The plants were supplied 

with 1 liter of fog-water per day by using a drip irrigation system. In parallel, standard plastic 

tree shelters were placed to test the effect of micro environmental modifications on 

survivorship, establishment, and growth.  

Height to the nearest cm and root collar diameter to the nearest mm were measured on a  

monthly basis during the August 1996-November 1997 period. One other measurement was 

taken in October 1998. During the summer, data on survival was collected every 15 days. 
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4. RESULTS 

 

4.1. Meteorological parameters 

       (see Arequipa Group annual reports) 

 

4.2. Flora and fauna 

       (see Arequipa Group 1998 scientific reports pagg 6-21) 

 

4.3. Ecological vegetation map 

       (see Toulouse Group 1999 scientific report) 

 

4.4. Fog behavior 

 

The fog present in the area is advective.   It is generated several hundred kilometers to the 

west of Mejía, in the sea.   Several factors such as the Anticiclón del Pacífico, the trade winds, 

the sea temperature and the Humboldt Current, are relevant to the formation of the 

stratocumulus clouds.   The relief plays an important role for the formation of orographic fog.  

Both types of fog are present in the study area. 

Fog behaviour is determined by the inversion layer that fluctuates between 500 and 1.200 

m.a.s.l.  This was observed by the data collected with SFCs at different altitudes in the Mejía 

area.  The lower areas had less number of days with fog, and less liquid water content, while 

the upper areas, near 900 m.a.s.l. showed the best potential for fog water collection. 

Wind is another parameter that highly influences the behaviour of fog.  Places with high 

winds and oriented to the South were the best places for fog water collection.  This is due to 

the fact that high wind speed means more air mass moving through the interception surface, 

hence more droplets can be gathered.  Winds from the South are the prevailing winds in the 

area and come directly from the sea, the source of humidity. 

 

4.5. Annual water yield and seasonal variations 

 

The area of Mejía has shown in the three and a half years of survey a very good potential for 

fog water collection.  Fog is definitely a water resource that can be used for domestic, 

agriculture/forestry  and ecological purposes. 

The variation of the presence of fog from year to year has to be taken into account.  In 

projects that use the large fog collectors system,  the minimum annual rate observed should be 

used, so that in “dry years” no shortages of water will be expected.  In this project, the yield 

of 5.8 L/m2/day was used to plan the system, but several activities can be planned for the 

“humid years” so that the water is used rationally. 

The average of the area in the high ridgeline is almost 9 L/m2/day, where the large fog 

collectors were installed, and in the area of the plantation is between 2.5 and 3.5 L/m2/day.  

This is considered a good yield for plants to use the fog water once they are sufficiently 

grown up to collect their own resource. 

 

Year    SFC site 
(L/m2/day) 

Cuchillas 3 Prueba 1 Prueba 2 

1996        5.8      1.56     1.18 

1997      11.76      5.70     3.77 

1998        9.32      3.64     2.22 

Average       8.96      3.63     2.39 

TAB. I Average dayly fog-water yield per Year and Site (SFC)  
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 The climate of Peru is highly affected by the presence of the El Niño and La Niña 

phenomena.  Year 1997 was considered El Niño and 1998, La Niña.  In the case of the 

presence of fog in the area, it can be seen that there are no significant differences in the yearly 

average, both were very high.  But, if the are compared to 1996, there are significant 

differences. 

 

 It may be possible that the El Niño extended its influence to the months of January and 

February of 1998, this was also seen in a Chilean project some 500 km South, in Iquique, 

where the high yields were maintained.  This period is known as period free of fog, since its 

general behavior is to show only 7 to 8 months of fog and the rest as clear skies.   What is 

difficult to explain are the high average shown in the months of July and August, maybe due 

to the presence of rain in the area. 

 

 In the arid climate of Peru, El Niño must be considered as a regular phenomenon, so it 

should be taken in account when calculating the annual average of an area.  Years 1982-1983, 

1987-1988, 1991-1992 where El Niño years, so in considering statistically the yields they will 

tend to rise the average. 

 

 The seasonal variation is very important to consider in the moment of designing fog 

water collection projects.  In the case of the study area, it is difficult to determine due to the 

above explanation, but it should be expected that fog will begin to be frequent from July to 

November, having a diminishing trend in the summer and fall seasons. 

 

4.6. Windy measurements and wind tunnel trials 

 

In the period May-July 1997, field measurements of wind regime were carried out in order to 

characterize the Las Cuchillas area. The main results of the field experiment can be 

summarized as follows: 

 

 the presence of the open area under the collecting pipe induces a flow acceleration with 

velocity values increased by roughly 50% at 1 m distance from the post; 

 the disturbance of the post presence in the fluid flow is slightly felt 1 m upstream of the 

collector; on the contrary its effect is strong laterally to the post itself, at 1 m distance the 

value is increased by about 50%. The post presence is also felt 6 m downstream, where the 

velocity profile is still disturbed; therefore it may be concluded that half of the collector width 

is needed for the profile to be completely re-established; 

 the flow velocity map on an horizontal plane at 125 cm distance from the ground shows the 

combined effects of the post and the open area presence. Up to 1 m distance downstream, 

both the effects are felt, but in the middle of the collector, the open area influence prevails in 

such a way that at 4 m the flow is still accelerated with an increase of 50%; 

 for the double collector downstream flow, the results show that the central post induces a 

symmetric flow field with the axis passing through the post itself. The influence of the central 

post is also felt 3 m upstream, where the reduction of the incident velocity value is 15%. 

Data coming from two cup anemometers equipped with data loggers mounted respectively 

2 m downstream and 7 m upstream of the collector has been analyzed in order to obtain the 

wind speed reduction value caused by the flow passing through the mesh. Low wind 

velocities are weakly influenced by the presence of the mesh, in fact the reduction is the 16% 
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for velocities ranging from 2 to 3 m/s. The stronger is the wind speed, the bigger is the 

reduction coefficient; for velocities ranging in the interval 33.5 m/s the reduction is 22%, for 

the 3.55 m/s class the reduction is 24%.  

Another field research line was carried out with the aim of estimating the value of the 

reduction coefficient to be applied to 48 times the captured volume by the Standard Fog 

Collector (SFC, 1 m
2
 area) to get the fog collected volume by an «atrapaniebla» (48 m

2
 area). 

Its value came out equal to 0.9 and its result may have a practical application in the first 

stages of a fog collection project as a water supply. The real yield of the fog collector is 90% 

of the volume collected by the SFC. Then the multiplication of the SFC volume contribution 

by 48 and by the number of collectors that it is planned to install, will give an over-estimation 

of the real yield of the 10%.  

In order to support field work and try to explain the differences in capturing rate, a new 

research line based on a fluid dynamics approach was established. Its main purpose was to 

investigate on how the undisturbed flow became complex due to the presence of the 

atrapaniebla, and in which manner the obstacle was able to originate changes in the flow 

patterns due to the wind-structure interactions.  

In our model, the only free parameter that was considered was the mesh porosity, and 

capturing surfaces, with different porosity, were tested with the purpose of mapping the flow 

field downstream of the obstacle. In fact, because of the presence of a permeable surface, part 

of the flow passes through the voids of the net, part is able to overcome the total height of the 

collector and the last part is able to avoid the obstacle itself. The different contributes are a 

function of mesh porosity in terms of the area and the geometry of the voids.  

Tests were made in the mini wind tunnel has been planned and realized at the Department of 

Agricultural and Forestry Engineering, University of Florence: it is a low speed, open-circuit 

wind tunnel of the suction type, with a constant velocity value equal to 4.3 m/s. The working 

section is 0.20 m high, 0.40 m wide and 0.6 m long. It has been realized in plexiglas in order 

to favourish the visualization techniques. 

Studies of the flow field downstream of the fog collector model were done with vane 

anemometer measurements and flow visualization techniques. Information obtained from the 

two methods were integrated to obtain the spatial influence of the porous obstacle in the fluid 

flow. Pieces of real meshes available on the market and used for different applications, such 

as air pollution particles removal, hail defense in agriculture, were tested. But another 

alternative approach to study the influence of porosity in the scaled model was adopted by 

using perforated panels having an assigned uniform porosity. They were used as a reference in 

order to assign an equivalent uniform porosity to the tested real meshes on the basis of 

comparison between the velocity profiles obtained with the anemometer.  

The need of such an approach could be found considering the limit in the fluid dynamics 

answer from the scale model with a real mesh which was not reduced in scale. The model 

under testing could not be considered representative of the reality, since the net was used was 

not scaled and, moreover, the results might not be interpretable in terms of fluid dynamics 

behavior. The main results obtained from the different techniques used in the wind tunnel 

trials are discussed here below. 

The velocity profiles obtained sampling with the mobile anemometer gave two main results: 

the first was the re-assignment of uniform porosity to the three real meshes under testing and 

the second was the disturbed length on the downstream flow as a function of porosity. 

Porosity influences the strength and the length of the wake: a strong localized wake originates 

from the less porous panel, while slight but space-persistent wake originates from the more 

porous panel. These results are confirmed by visualization of particles traces. 
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Visualization results allowed to characterize in space the wake region as a function of 

porosity. The tuft results determined the upper limit presence of the wake both in the direction 

of the wind and perpendicularly to it, the smoke results gave the extent on an horizontal plane 

and the colored particles signed traces on the bottom of the wind tunnel surface.  

In the downstream flow, three characteristic lengths can be discussed to distinguish the wake 

region as a function of porosity. They are represented by the maximum distance from the 

ground of the upper limit of the wake region, its extent on the direction of the wind and the 

lateral disturbance. It has referred to all the distances as made dimensionless with the height 

of the obstacle. The first dimension represents the strength of the wake: the bigger the 

distance is and the stronger the wake; the second one the persistence in space of the wake and 

the last one the deviation undertaken by the flux in the area side to the post.  

The less porous panels show a longer extension along the x-axis and a shorter tail on the 

direction of the wind; meaning that they start to decay closer to the obstacle. The flow above 

the obstacle is found to be disturbed at a height from the ground bigger than that for more 

porous panel. The iso-lines graphs, mapping the wake region, can have an immediate practical 

application when the position of a second collector downstream is required. Since the area 

occupied by the wake region is clearly visible on the graph, it is possible to find the place 

where to install the second collector outside the wake region.  

The maximum extent of the wake region along the wind direction can be derived from the 

analysis of the results coming from the thread visualisation and particles traces. The first 

method confirm the results obtained by the anemometer data that the more porous panel gives 

rise to a very long wake; the particles traces show the presence of disturbances up to roughly a 

distance equal to 8 times the height of the obstacle. 

Smoke visualisations show also the dependence of the disturbance on the upstream flow on 

the porosity: the less porous is the panel and the more disturbed is the flow.  

The coloured particles traces left on the bottom of the wind tunnel surface showed the clear 

vortical structures formed in the case of the impermeable panel, the perforated panels did not 

show any evident structure. 

 

4.7. Survival and growth of planted trees 

 

4.7.1 Survivorship 

 

At the end of 1998 survivorship was high in all treatments. The survivorship in watered plots 

varied between a minimum of 58% for Pa and a maximum of 100% for Pp. Significant 

differences, caused by the presence of the treeshelter, were not observed.  Survivorship in 

non-watered plots, instead, varied from 23% for Ce and 40% for Pa to 92% for Ct 1 and Ct 2. 

Nevertheless, it is interesting to notice that all species reacted positively to the presence of the 

treeshelter, even though differences are significant only for Pp. 

 

4.7.2 Height growth 

 

Among the considered species, Ce e and As show increment rates that are significantly 

different from those of the other ones. In watered plots, Ce individuals grow more than As 

individuals. (average value 285 cm instead of 278). Pa, Pp, Ct 1 and Ct2 follow in decreasing 

order. Pp, Ct 1 and Ct 2 benefited from the presence of the treeshelter. In the case of the non-

irrigated plots instead, As grows most (average 210 cm) followed by Ce. Both species, 

probably due to the strong lengthways development that places the crowns above the 

treeshelter, do not seem to be favoured by its presence. The other species instead show 

significant differences in height growth due to the protection. 
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4.7.3 Diameter growth 

 

The diameter growth trend was substantially different from the height growth trend. For all 

species, the registered diameters were obviously greater for the irrigated plots, however there 

seems to be no relation between larger diameters and presence of the treeshelter. On the 

contrary, for the non-irrigated sheltered plots, diameters resulted smaller and the D/H relation 

was lower. Generally speaking, however mechanical instability of the plants was not 

observed. 

The results collected so far, show that all species react positively to the tests. Only Ce exhibits 

very low levels of survivorship for the non-irrigated tests. However, considering the high fog 

capturing capacity of the species, the few trees that reach a sufficient height for water 

interception may be able to survive and grow. 

As far as survivorship is concerned, indigenous species are more reliable than 

exotic/naturalised species. Native trees, however, have the drawback  of growing slowly, and 

this is especially true for Ct.  

The treeshelter positively influenced survivorship and more so height growth. 

 

4.8. Fog collection by planted trees 

 

4.8.1 Objectives and hypothesis 

 

This part of the research focused on analysing the relations between fog and tree individuals 

that belong to the above mentioned species. The given hypotheses are: 

1. Greater the development of the crowns, i.e. height development and crown complexity, 

larger the quantity of intercepted water. 

2. As height increases, the efficiency of all fog intercepting surfaces also increases. 

3. Plants species that show different architectural arrangements, also have different 

intercepting capacity and different water release patterns. 

4. Different micro-topographic conditions, in particular exposure to fog flux, noticeably 

influence capturing efficiency.  

 

4.8.2 Materials and methods 

 

Experiments were conducted on plants grown in the above described experimental plantation. 

The selection of 40 representative samples of the 5 different species and of the different 

treatments, was performed by stratified random extraction.    

In October 1997, the following parameters were measured: 

 leading height (H) 

 Plant collar diameter (D) and diameters along the trunk at intervals of 20 cm (Di..n) 

 Crown depth  (Pr ch) 

 The crown shell was determined by measuring crown projections (four cardinal  directions) 

at height intervals of 10 cm. 

  height of  branch intersections (H ins) 

 branch diameter at branch intersection (D ins) 

 zenith and azimuth angles of branch intersection on the trunk 

 leaf area (Sf), calculated by measuring the projection of a sample of leaves 

 Biomass of roots (Br), stems (Bfu), branches and leaves (Br-f) and, at last, total biomass 

(Btot), estimated through allometric relations extracted by collection method  

 Area of the crown surface exposed to the dominant wind (S1) 
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 Intercepting surface of leaves and branches (Sr-f) 

 Crown volume (Vc) 

 

In order to quantify the amount of  fog water intercepted by the crowns, a water collector was 

displayed beneath them. 

The separate contribution of stemflow and throughfall to the total amount of collected water, 

was measured on a limited number of samples. 

The influence of the treeshelters on interception, was evaluated by placing a stemflow ring at 

10 cm above the ground on two control shelters (120 cm height). The rings were like the ones 

used on the tree trunks.  

The amount of collected water was determined by using two graduated measuring tubes of 15 

ml and of 250 ml capacity. The fog events selected for the water collection tests took place 

during the August 1997-December 1997 period. Because of the 1997 El Niño effect, that 

involved also the observation period, two rain gauges  were used in order to monitor the 

presence of rain during the fog event.  In presence of rain the events were not considered. The 

intercepting action of the plastic sheet was quantified by comparison with two control sheets.   

The influence of the distance from the ground on the interception process, was evaluated 

throughout 6 fog collectors placed one above the other in two series of three, in Test 1 and 

Test 2, at heights of 50cm, 150cm, 250cm. As compared with Standard Fog Collectors (SFC, 

Schemenauer, 1994), the ones used in this experiment had a reduced size. These instruments 

consist of a rigid metal external structure. The internal part contains a 30cm square canvas  

frame that has, attached to it, a double layered fog collecting material (Rashel mesh, 35% 

shading). Water is gathered through a PVC pipe it in to the containers. 

 

4.8.3 Results and discussion 

 

The two exotic species examined in this research (As and Ce) exhibit much higher values for 

the investigated parameters - i.e. diameter, height, crown volume, leaf area and biomass - as 

compared with the indigenous/naturalized species. As already shown in previous observations 

conducted on the entire experimental plantation (Bartolucci, 1997; Calamini 1998), the 

differences between the species result significant. The discriminant analysis separates three 

groups of plants in relation to the tree species: Acacia salinga, Causarina equisetifolia and 

Parkinsonia aculeata. The analysis instead, does not discriminate evidently Prosopis pallida 

and Ceasalpinea spinosa individuals. 

Such results match the ones obtained with the analysis of fog water interception. Three 

separate groups can be distinguished: Causarina equisetifolia individuals exhibit the highest 

values, whereas Acacia salinga intercepts, in average, about twice the amount of water 

retained by the plants of the third group. The latter is characterised by very homogeneous 

values and it includes individuals of Parkinsonia aculeata, Prosopis pallida and Caesalpinea 

spinosa.  

At this regard, the analysis of the relations that exist between interception and morphology, 

has resulted in highly significant correlations for As, Ce, Cs, Pa. As far as Prosopis pallida is 

concerned instead, only the relations regarding height and crown depth are significant . 

The importance of leading height in determining the collecting potential of an interceptive 

structure, is highlighted by the results of the studies performed with experimental fog 

catchers. These instruments in fact allow us to separate the height from other architectural 

parameters and therefore distinctly determine its effect on interception. 

An interception increase was noticed while comparing the low nebulimetro with the medium 

height one and with the top level one; referring to the interception of the first, the water 

collected by the second and third was respectively 0,5 and 0,8 times grater (V fig 3). As far as 
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plants are concerned and in reference with an hypothetical capturing-surface unit, the simple 

growth in height (50cm-250cm), would determine an increase of interception capacity up to 

80% grater. In conclusion growing plants create better conditions for self-water supply as they 

become larger. 

All so far said confirms previous  researches (Schemenauer, 1994) that indicate a stronger fog 

capturing capacity for taller catchers. 

A first corroboration that interception capacity varies also with the height variation of trees, 

was obtained by separating the sampled individuals of Acacia salinga and Causarina 

equisetifolia  in height classes and by calculating the average interception values of each 

class. In fact the «medium» and the «high» classes register values that are about 0,5 and 2,5 

times grater than those of the «small» class. 

Also the other morphological and architectural parameters determine a positive influence on 

interception, as shown by the slope coefficients of the regression lines, that are positive in all 

cases. This is particularly true for the crown surface that is exposed to wind  and for the total 

biomass, especially considering that the latter is strongly related to volume and area of the 

intercepting surfaces.  

It must be also noticed that the highest interception values were registered for the native 

species and for the naturalized ones. This observation is especially true for Caesalpinea 

spinosa that exhibited the highest interception values both in terms of leaf-surface unit and in 

terms of crown-volume unit. Interception in terms of crown-volume unit was very high also 

for Parkinsonia aculeata. The lowest values among the native-naturalized species, were 

instead registered for Prosopis pallida, this value however was still higher than those 

registered for the exotic species. 

These observations indicate that native and naturalized species have developed crown 

structures and morphological adaptations that optimize fog interception. Such developments 

may be interpreted as part of a more general adaptation to the arid environment that 

characterizes the area of research. Even though the growth rate is initially higher, the stronger 

mortality rate of  Acacia salinga and of Casuarina equisetifolia individuals during the first 

year after planting, as compared with that of the native species, corroborates this hypothesis. 

The mortality rate was high especially in those plots that were not irrigated (Pedeferri, 1998; 

Pelleschi, 1998).  

 

The results concerning release of water to the ground by stemflow highlight the following 

aspects. The stemflow constitutes the most efficient mechanism of water release from the 

crown because it concentrates moisture in the immediate proximity of the roots and therefore 

reduces losses caused by evaporation and by transpiration on the part of other competing 

plants. The highest absolute and relative values of stemflow, as compared with total water 

interception,  were primarily observed for Casuarina equisetifolia - stemflow 71,8% - 

followed by Acacia saligna. The other species, instead  exhibited very low values. 

The main morphological and architectural characteristics that determine strong stemflow are 

the leaf shape, its position, the type of intersection along the branch and, at last, the branch 

angle at the intersection point with the branch of inferior order. 

Let us now examine Casuarina equisetifolia  and Prosopis pallida, the species that 

respectively had the highest and the lowest stemflow. The former is characterized, especially  

in early stages of life, by upward branches and by needle-shaped leaves, inserted on the 

branches at sharp angles, that collect most of the moisture. These characteristics facilitate the 

water flux along the branches down to the trunk of the plant. Prosopis pallida instead, has a 

prostrated habit determined by plagio-tropic  or geo-tropic branches, the leaves are inserted 

horizontally and the leaf margins tend to bend downward. Such a structure obviously retains 

water on the leaves and favours dripping rather than stemflow. 
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The results obtained in the study on treeshelter effects indicate that the presence of a 

protective structure has a positive effect on interception and determines a water capturing 

increase as high as 200% as compared with the interception of  «naked» plants. 

The presence of the treeshelter favours vertical growth (Bartolucci et al. 1997) and increases 

the interceptive capacity of the plant, as discussed above. 

A significant difference was observed by comparing the amounts of water intercepted by the 

fog catchers of TEST 1 AND TEST 2. All of the events monitored for TEST1 resulted in 

grater amounts of intercepted moisture and the average values resulted to be about 1,8 times 

the ones registered for TEST2. 

This fact strengthens, in accordance with Schemenauer‟s research, the hypothesis that the 

topography plays an important role in interception potential. In fact the 50m altitude 

difference between TEST1 and TEST 2, results in fog absence or fog density reduction for the 

latter. Besides, TEST 1 is closer to the saddle and therefore the wind speed increase enhances 

a higher interception. 

 

4.8.4 Conclusions 

 

This research confirms that fog-water interception plays an important role for self- sustenance 

of juvenile trees. The water supply provided in the experimental plots has favoured plant 

establishment and development, and has therefore enhanced the above mentioned self-

sustenance process.  

The amount of intercepted water in fact increases as trees grow larger. 

In the aim of addressing and accelerating the succession towards a condition of stability, 

Acacia salinga and Causarina equisetifolia may be chosen for an initial preparatory phase. 

After having bettered the micro-environmental conditions these species may be substituted 

with native plants that are characterized by grater longevity and by a lower mortality rate, 

even though their interception capacity is lower.  

However, this type of planning will probably result in failure if the pressure of socio-

economic problems in the area will not be solved. At present, these delicate ecosystems are 

still under the menace of strong human impact, especially because of over-grazing and tree 

felling.   

 

 

4.9. Fog collection by Caesalpinia spinosa old trees 

 

The instrumentation necessary for stemflow and for throughfall measurement was displayed 

during a period of about two months. On June 29, 1997 all of the measuring instruments were 

in place and the data collecting work continued until August 8, 1997. During this period some 

fog events took place and considerable amounts of water were collected. 

 

Even though these observations refer to a limited number of fog events, the throughfall values 

are very high. Keeping into consideration the amount of water that falls in proximity of the 

observed plants, the increase of the amount of water that reaches the ground under the crowns 

is always significant.  

Even though the water flux along the tree trunks has a primary ecological importance because 

it constitutes a rapid supply of moisture to the roots,  it only reaches modest values for all of 

the observed plants and it is never  superior to 2% of the throughfall water. 
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A representation of the dripping distribution under the crowns was created on the basis of the 

measurements obtained from the reticular square of pluviometers. It must be noticed that the 

strongest intercepting area is the one opposite to the incoming wind.  

 

4.10 Socio-economic survey 

 

The socio-economic institutional survey leaves many doubts on the economic viability of fog 

capturing technology and its accordance with the social context (see 1998 report of the unit of 

Padova). 
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INTRODUCTION 

 

Due to the evaporation of the sea water surface, the winter fog cause the existance of 

vegetal formations called Lomas. These layer of clouds remain like cumulus-clouds along the 

coastal hill ravines, ascending up less of 1000 m of hight due to the thermic inversion roof 

present that is an obstacle for the entrance of fog to the Continent. 

 

These ecosystems near to the ocean are influenced by the “ El  Niño”, an 

oceanographic climatic change occurring in the Ecuatorial zone of the Pacific Ocean that is 

characterized by the upper heating of the ocean water surface which are taken to South 

America Coasts by the Alises winds, causing considerable increment of rainfalll on the 

Coastal line and on the Western slopes of the Coastal hills where the fog had remained 

captured. 

 

The main feature of this oceanographic climatic phenomenon, is the thermic 

oscillation with a high increment of the temperature in the Pacific ocean water. The effects are 

different in  each part of the Ccntinent, i.e, the excesive rainfall in the North Coast of Peru 

may be perjudicial in a short or mid time but not in a long time that will be beneficent for the 

human profits. Meanwhile, the increment of fog intensity and rainfalls through the South 

coast let the deveeloping of Lomas vegetal formation permitting to see a totally different 

landscape of the desert ecosystems.  Clarke (1971) reported the disasters caused in the Peru 

coast either the positives effects on flowering and fodder. 

 

The increment of humidity cause the flowering in some annual or ephemerous plants 

as an answer of high humidity concentration in the ground, due to the ocassional rains, 

iniciating a process of temporal greenness. The evidence of that, is the considerable increasing 

of biomass acumulated in the vegetal tissues. Through the plants flowering is possible to 

observe, qualifier and  quantifier these effects. The changes ocurred into different developing 

stages of plants as an answer of climatic conditions could be an important indicator of the 

rainfall and temperature effects. The productivity generated by this process used to increased 

in function of water quantity and the improving of environmental conditions and it could be 

even more increased by the ENSO effects, time in which thhe biological activities of plants 

are stronger influenced. 

 

One of the problems in different natural plant species is the lack of surveys on 

herbaceous to fodder, mainly because many of them develop in Lomas eccosystem where  

they survive with low quantities of water produced essencially by fog, they are the base feed 

of herd, cows, sheeps and goats for example. The Poaceae family become the most 

representative group with high density. For this reasson herbaceous vegetation as fodder  was 

studied the present year. The preference for some plant species and the specific  parts of them 

which are more consumed between August 1997 and March 1998 was observed and verified. 

This period of survey coincide with the increasing of herd in Lomas. 

 

Another feature of coastal Lomas in Peru is the low rainfall received because they are 

located in the desertic coastal border, but the high influence of strato-cumulus clouds which 

cover of foggy the coastal hills almost all the year, specially between June and October. This 

climatic feature is the only one explanation for the presence and manteinance of important 

vegetal formation including open forest as the Atiquipa case. 
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Lomas of Atiquipa  are probably of the major fog captation, also without considering 

Lachay, they are these days, the only one with a great socio-economic importance, due to the 

presence of a campesinos community  whose main economic activity is the agriculture. They  

count with a low water source for this activity. 

 

The irregularity and the decreasing of the water flow, make us to thinking of that the 

cause of this phenomenon is the tree cover diminution on the higher zones, where the fog 

influence is bigger. For that, is thinking that the main source of spring water is the fog water 

captured mainly by trees. 

 

The surveys on Lomas vegetation are numerous but  few of those related to climatic 

conditions in situ. Nowadays, Peru counts with only one metheorological station in Lomas 

located in Lachay since 1930. In adition, it exists  some information from Lomas of Atiquipa 

(1966-1980) but it does not work these days. 

 

PROCEDURES 

 

The metherorological station and its programmation 

The computarized Campbell metheorological station is located in Distrito of Mejia, 

Provincia of Islay, Departamento of Arequipa, Peru. 760 m.a.s.l, to 1703‟S y 7150‟W, 

ecologically located in the life zone “Matorral desértico-Templado cálido”. 

 

The metheorological station consist in a data logger CR10X model, with sensors to 

environment and ground temperature, ground water content , rainfall, global radiation, net 

radiation and atmospheric humidity measurments. It function automatically with a solar 

charge battery and also a Lithio battery. 

 

A software for environmental temperature, atmospheric humidity, global and net 

radiation was develop. Every three hours at 5 and 25 cm the temperature is registrated with 

the water content in ground at 5 and 25 cm. Also, the dialy measurments of average 

temperatures, maximal and minimal; average atmosfheric humidity, maximal and minimal; 

total global radiation, total net radiation, and the average content of water at 5 and  25 cm. 

Evaporation is also dialy registred with aan evaporimetre tank class A of 1,2 m of diameter 

and 25 cm of high. 

 

Phenology 

The survey period of phenology has begun in 1995. Four horizontal transects has been 

installed at 500, 600, 700 and 800 m.aa.s.l. In these transects 10 plants of, Caesalpinea 

spinosa , Duranta armata, Cytharexilum flexuosum y Carica candicans, have been located. 

 

Evaluations were mensual, regarding the next aspects: repose, sprouting, growing and 

development, flowering, fruitfull and seeding; every data was filled out in a format sheet for a 

posterior treatment. 

 



 19 

Productivity 

The procedure used is that of Cox (1972), which is recommended to measure net 

productivity  in herbaceous and shrub ecosystems. Four plots of 150x50 cm at 600 and 700 m, 

were stablished between January and february 1998. The plots were sub-divided in blocks of 

50x50 cm. At the begining of the survey the two first blocks  were harvested, and the third 

one was harvested 45 days after. The difference between dry weight and initial harvest and 

final harvest was the biomass produced, as Cox‟s procedure. Previously, diversity was 

stablished to know their importance in the biomass acummulation. 

 

Assesment of plants consumed as fodder 

The survey was done between August 1997 and March 1998, and correspond to the 

period of fog known as “Lomas season” for the exhuberant vegetation found there. 

 

The herd frequently present in Lomas slopes were continously observed, by the help of 

binoculars or directly, avoiding interrupt their  food habits. The information was filled in 

formats taking notes of the phenology stage, plant parts and the frequency in which they are 

consumed. 

 

Once concluded “Lomas season”, the assesment of data was done, taking note of the 

state in which the plants were found, broken, crushed; including rest places and the watering 

place for cattle. 

  

Water samples analysis 

16 samples of water was taken into hermetic small bottles to avoid evaporation. The 

samples correspond to: 

- 3 samples of fog water 

- 3 samples of  rain water 

- 3 samples of spring water from  “Pampa Añejo” 

- 3 samples of spring water from  “Pampa Lucmo” 

- 1 sample of permanent spring water from  “Pampa Añejo” 

- 1 sample of eventual spring water from  “Pampa Añejo” 

- 1 sample of one permanent spring water from  “Conchara” 

- 1 sample of one eventual spring water from  “Conchara” 

 

The samples were sent to the Clilean Commission of Nuclear Energy Laboratory to 

determine the 
18

O y 
2
H.   

 

 

Flora and Fauna. 

 

To complete flora and fauna lists which have been doing since 1995, collecting and      

preserving were continued and  the subsecuent identification alwso in the herbarium. The 

animal inventories were done through direct observations, tramping and using nets. 

Vertebrates were clasified by relative density to the next way: 

 Abundant (Ab.) :  abundant specie, frequently observed or captured. 

 Common (Co.) :  commom specie, regularly observed or captured. 

 Rare (Ra.) :  rare specie, rarely observed or captured. 
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 Accidental (Ac.) : accidental specie, observed or captured in some exceptions. 

 

RESULTS 

Metheorological data: 

The results for 1998 are: 

 

Table 1. Metheorological data of  Lomas of Mejía station-Arequipa 1998. 
            

Month T. avg. T. mín. T. máx. Pp R.G.T. R.N.T. C.A.S 1 C.A.S 2 T.S. 1 T.S. 2 Evap. 

Ene. 19,2 17,9 21 173,6 7,5 5,2 0,26 0,34 21,1 20,8 14,8 

Feb. 19,8 18,2 22,5 75,4 11,1 7,8 0,23 0,32 22,4 22,1 43,2 

Mar 19,2 17,2 22,7 23,0 13,8 8,9 0,18 0,26 22,5 22,4 56,1 

Abr. 17,7 15,4 21,6 5,0 15,4 9,4 0,09 0,16 23,0 22,8 73,8 

May. 15,3 13 19,5 2,0 12,4 7,6 0,06 0,12 21,5 21,6 68,1 

Jun. 13,5 11,4 17,6 11,4 10,5 6,4 0,06 0,11 19,1 19,6 33,1 

Jul. 12,2 10,7 15,4 15,4 7,4 4,9 0,07 0,11 16,8 17,6 15,6 

Ago. 11,5 9,5 15,3 22,0 10,8 5,6 0,08 0,12 16,6 17,1 40,4 

Set. 11,7 9,1 16,5 9,0 12,0 6,6 0,08 0,12 17,4 17,8 36,7 

Oct. 12,2 10,0 16,8 2,0 15,3 9,3 0,06 0,11 19,8 19,4 71,5 

Nov. 14,6 12,3 20,2 0,2 16,7 9,8 0,05 0,10 22,4 21,8 92,0 

Dic. 16,4 13,7 21,4 9,4 19,1 10,5 0,05 0,10 24,1 23,3 109,5 

T. avg..= average of air temperature ºC  

T. max = maximal temperature of air ºC 

T. min = minimal temeprature of air ºC 

Pp =       precipitation in mm. 

R.G.T. = total global radiation W m
-2

 average mensual 

R.N.T. = total net radiation W m
-2

 average mensual 

C.A.S.1 = water content in the ground at 5 cm of depth, msec. 

C.A.S.2 = water content in the gronud at 25 cm of depth, msec. 

T.S.1 = ground temperature at 5 cm of depth, ºC 

T.S.2 = ground temperature at 25 cm of depth, ºC 

Evap. = potential evaporation in mm. 

 

Table 2, shows the  assesment of temperature and rainfall which correspond to the 

period of study. The regularity of temperature conditions and the high variability of the rain 

fall with a tendence of constantly increase through the ocurrance of “El Niño 97-98” events, is 

to stand out. 
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Table  2: Monthly average temperature and precipitations. 1995 to 1998, Lomas of 

Mejía, Meteo Station Las Cuchillas. 

Year 1995 1996 1997 1998 

Month Temp. Pp. Temp. Pp. Temp. Pp. Temp. Pp. 

Jan   21,9  0 22,5 15,2 19,2 173,6 

Feb   22,1 S.D 19,3 3,2 19,8 75,4 

Mar   21,5 S.D 19,5  6.0 19,2 23,0 

Apr   18,2 S.D 16,7 0,8 17,7 5,0 

May 18,3  17,5 S.D 15,6 6,8 15,3 2,0 

Jun 17,2  14,5 S.D 13,6 3,8 13,5 11,4 

Jul 15,3  14,7 S.D 13,3 23,4 12,2 15,4 

Aug 13,6  13,7 37,2 14,4 61,0 11,5 22,0 

Sept 14,5 28,0 S.D  4,4 14,4 189,4 11,7 9,0 

Oct 16,2 15,0 16,2  2,4 14,1 66,6 12,2 2,0 

Nov 18,7 1,6 14,9  5,4 14,7 41,8 14,6 0,2 

DEC 19,4 1,6 21,1  0,4 16,7 84,6 16,4 9,4 

Ave.Temp°C  16,6  17,8  16,2  18,3  

Total Pp mm.  46,2  49,8   02,6  375,0 

 

Figure 1. Ombrothermic Diagram. Station of Lomas of Mejia, 1998
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Phenology : 
Table 3, shows the phenology stages. In 1995, all the species normally  begin their 

flowering before their sprouting, however , the stages duration is different between species as 

the moment in which they begin the phenological answers to the climatic conditions. Either C 

spinosa and D. armata present a distant flowering in respect to sprouting, while C. flexuosum 

does not present this fase and the flowering is short. During 1998, all the species were in 

repose until July  when C. candicans begins its flowering and just over  September  the 

remaining species begin their activity. Thus, is noticeable that C. spinosa mantein a leaves 

cover, D. armata begin  sprouting before  flowering and C. flexuosum just begin to show a 

slight sprouting. 
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Table 3:  Phenological stages  of tree vegetation in Lomas of Mejía (Mollendo - 

Arequipa) in 1998. 

 

Specie             Phenology   Period of Assesment 

 

                 En.  Fe.  Mr.  Ab.  My.  Jn.  Jl.  Ag.  Se.   Oc.  No.   Di. 

 

C. spinosa Repose          

  Sprouting     xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

  Flowering                xxxxxxxxxxx 

  Fruitfull       xxxxx 

  Seeding       

 

D. armata Repose         xxxxxxxxxxxxxxxxxxxxxxxxxx 

  Sprouting           xxxxxx 

  Flowering        xxxx 

  Fruitfull       xxx 

  Seeding    

 

C. flexuosum Repose         xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx  

  Sprouting      xxx 

  Flowering                

  Fruitfull       xxxxxxx 

  Seeding 

 

C. candicans Repose           xxxxxxxxxxxxxxxxxxx 

  Sprouting     xxxxxxxxxx 

  Flowering    xxxxxxx 

  Fruitfull     xxxxxxxxxx  

  Seeding      

 

 

Table 4: Annual plants present at the moment of productivity measurments, in 

1998. 

 

Specie                              1998 

600 m.a.s.l. 

Cyperus compresus       x 

Palaua disecta      x 

Urocarpidium chilense     x 

Gnaphalium sp.      x 

Gamochaeta  sp      x 

700 m.a.s.l. 
Cyperus compresus      x 

Palaua disecta      x 

Pennicetum clandestinum     x 

Gnaphalium sp.      x 
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Productivity: 

Tables 5 and 6 show the results of primary productivity. 

 

Table 5: Net primary productivity, (g/m²/45 días)/plot, in 1998. 

 

High  Plot  Aerian parts  Roots  Total 

 600  01  384,152  112,40  496,552 

   02   643,716  202,40  846,116 

03  577,844  226,40  804,244 

04   178,748    39,60  218,348 

Average         591,315 

700  01  406,088   208,00  614,088 

  02  464,968  109,20  574,168 

  03  439,476  177,60  617,076 

  04  451,352  159,20  610,552 

  05  552,052  202,00  754,052 

  06  361,708    81,60  443,308 

Average        602,207 

 

 

Table 6:  Productivity in grammes per  m²/day and per  Ha/day for  600 and 700 

m. In Lomas of Mejia during 1998. 

Altitude      Productivity 

  ------------------------------------------------------------------------------ 

         m²/day    Ha/day 

 

600     13,14                    131 403,33 

700     13,38                 133 823,78 

AVERAGE                13,26                 132 613,55 
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Pasture 

Tables 7 to 9 show the herbaceous species used as fodder in Lomas of Mejia in 1998.  

 

Table 7:  Desirable annual herbaceous species consumed as fodder in Lomas of 

Mejia. 

Family 

 

Specie and common name 

Poaceae Eragrostis sp                    “Cebadilla, pasto raiz” 

Poaceae Cynodon dactylon             „Patita de pájarito" 

Poaceae  Agrostis sp                                               

Poaceae Paspalum sp                           “Rabo de zorra" 

Poaceae Pennisetum sp                        "Pasto"  

Cyperaceae Cyperus sp                              “Chitillo" 

Malvaceae Urocarpidium peruvianum     "Malva" 

Malvaceae Urocarpidium albiflorum        "Malva" 

Malvaceae Palaua sp                                 "Malva" 

Caryophyllaceae Spergularia congestifolia        "Palo palo" 

Asteraceae Gnaphalium sp  

Asteraceae Gamochaeta oreophila 

Asteraceae Cotula australis          “ Golondrina,coimeracha” 

Convolvulaceae Dichondra microcalix    

 

Table 8:  Mensual consumption analisys. 

Months Specie Phenological stage Plant‟ parts 

August Cotula australis Flowerin begins Whole 

 Eragrostis sp Growing Hojas, rebrotes 

 U. peruvianum Growing, flowering begins Leaves, sprouts 

 S. congestifolia Growing, flowering begins Leaves 

 U. albiflorum Growing Whole 

September Cotula australis  Fruitfull, and seeding Green parts 

 Eragrostis sp  Flowering Leaves 

 U. paruvianum Flowering and fruitfull Leaves and sprouts 

 Gnaphalium sp Growing Whole 

 G. oreophila Growing Whole 

 Cyperus sp Growing begins No consumed 

 Paspalum sp  Growing Whole 

 Agrostis sp Growing Whole 

 D. microcalix Growing begins No consumed 

October Cyperus sp Growing Leaves 

 Eragrostis sp Fruitfull Leaves and sprouts 

 Pennisetum sp Growing Whole 

 Cynodon dactylon Growing Whole 

 U. peruvianum Sprouts and seeding Leaves 

 U. albiflorum Flowering Leaves 

 Palaua sp Growing Leaves 
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 Trifolium sp Growing Leaves 

 D. microcalix Growing Leaves 

 S. congestifolia Flowering, fruitfull Whole 

 Agrostis sp Flowering Leaves 

 Gnaphalium sp Flowering Leaves 

 G. oreophila Flowering Leaves 

November Cyperus sp  Flowering begins Leaves and sprouts 

 Eragrostis sp Flowering Sprouts 

 Pennicetum sp Growing Whole 

 Cynodon dactylon Flowering No consumed 

 Paspalum sp Fruitfull and seeding Leaves 

 Palaua sp Flowering Leaves 

 Trifolium sp Flowering Leaves 

 Dichondra microcalix Growing, Flowering begins Whole 

 S. congestifolia Seeding No consumed 

 G. oreophila Fruitfull and seeding No consumed 

 Gnaphalium sp Fruitfull and seeding No consumed 

December Cyperus sp Flowering and fruitfull Leaves and flowers 

 Eragrostis sp Sprouts and flowering Whole 

 Pennisetum sp Growing Whole 

 Cynodon dactylon Fruitfull No consumed 

 Paspalum sp Seeding Leaves 

 Palaua sp Sprouts Leaves 

 U. peruvianum Growing begins Leaves 

 D. microcalix Flowering Leaves 

 Trifolium sp Fruitfull No consumed 

 S. congestifolia Growing Leaves 

 

Table 9:  Species the greater consumed 

Herd Species in order of preference Percentage 

Cows Eragrostis sp 50.0 

 Cyperus sp 29.0 

 Cotula australis 8.0 

 Urocarpidium 4.5 

 Spergularia congestifolia 4.5 

 Pennisetum sp 0.4 

Sheets Eragrostis sp 60.0 

 Cyperus sp 30.0 

 Spergularia congestifolia 4.0 

 Urocarpidium 2.0 

Goats Eragrostis sp 67.0 

 Cyperus sp 26.0 

 Palaua sp 1.0 

 Spergularia congestifolia 2.0 

 Pennisetum sp 3.0 
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Lomas water spring origin: 

Table 10 and figure 2 show the results. The are in deltha x 1000 in respect to the 

SMOW (Standard Mean Ocean Water). 

 

Table 10. Results of radio-isothopic analisys of water.  

Procedence    
18

O   
2
H 

Rain 1    - 2,23   -7 

Rain    2    -2,50   -7  

Rain    3    -2,3    -6 

Fog    1     -1,45     1 

Fog    2    -1,42    2 

Fog    3    -1,48   -2 

Watershed Pampa Añejo  -1,26    0 

Watershed Pampa Añejo  -1,85   -6 

Watershed Pampa Añejo  -1,56    1 

Watershed Pampa Lucmo  -0,95    3 

Watershed Pampa Lucmo  -0,73    4 

Watershed Pampa Lucmo  -0,84    3 

Conchara A    -1,81   -4 

Pampa Añejo A   -1,53   -3 

Conchara ojo    -2,18   -5 

Pampa Añejo ojo   -2,11   -6 

_____________________________________________________________________

_ 

Figure 2. Isothopic signal from different sources of water
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List of Flora: 

The results are shown in the table 11. 5 families with species of trees, 10 families with 

24 species for shrubs and 40 families with 154 species for herbs were registrated.  

 

 

 Tabla 11: Flora’s list from Lomas of Mejia 

Trees:   

 Family  Specie 

 CACTACEAE 1 Neoraimondia arequipensis 

 CARICACEAE 2 Carica candicans 

 FABACEAE 3 Caesalpinea spinosa  

 MIMOSACEAE 4 Prosopis pallida 

 VERBENACEAE 5 Duranta armata 

    

Shrubs:    

 Family  Specie 

 ASTERACEAE 1 Encelia  canescens  

   2 Grindelia glutinosa  

   3 Ophryosporus cf. bipinnatifidus  

   4 Proustia sp. 

   5 Viguiera weberbaueri  

 BORAGINACEAE 6 Heliotropium  pilosum  

   7 Heliotropium arborescens 

 CACTACEAE 8 Neoporteria islayensis 

   9 Trichocereus sp 

 EPHEDRACEAE 10 Ephedra  cf. americana 

 EUPHORBIACEAE 11 Croton alnifolius  

   12 Croton ruizianus  

   13 Croton sp 1 

 FABACEAE 14 Coursetia sp. 

   15 Hoffmanseggia miranda  

   16 Senna aff. lasseigniana  

 NOLANACEAE 17 Nolana aff. laxa  

   18 Nolana pallida  

   19 Nolana tovariana  

 POACEAE 20 Cortadeira sp 

 SOLANACEAE 21 Nicotiana paniculata  

   22 Petunia hybrida  

 VERBENACEAE 23 Citharexylum flesuosum 

   24 Lippia nodiflora  

    

Herbs:    

 Family  Specie 

 AIZOACEAE 1 Tetragonia cristalina  

 AMARANTHACEAE 2 Alternanthera cf. halimifolia  

    3 Alternathera  pubiflora  

   4 Amarantus cf. dubius  

 APIACEAE 5 Ciclospermun laciniatum  

   6 Ciclospermun leptophyllum  

   7 Domeykoa amplexicaulis  
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   8 N.C 

 ASTERACEAE 9 Bidens andicola  

   10 Bidens pilosa  

   11 Coniza bonariensis  

  12 Cotula australis  

  13 Cotula coronapifolia 

  14 Galinsoga sp. 

  15 Gamochaeta aff oreophila  

  16 Gamochaeta americana  

  17 Gnaphalium sp. 

  18 Hypochoeris chondrillioides 

  19 Onoseris odorata  

  20 Philoglossa peruviana 

  21 Picrosia longifolia  

  22 Senecio mollendoensis  

  23 Sonchus oleraceus  

  24 Viguiera sp 1  

  25 Viguiera sp 3  

 BORAGINACEAE 26 Cryptantha granulosa  

  27 Heliotropium curassavicum  

  28 Tiquilia conspicua  

  29 Tiquilia ferreyrae  

 BRASSICACEAE 30 Capsella bursapastoris 

 CACTACEAE 31 Opuntia sphaerica 

 CARYOPHYLLACEAE 32 Caryophillaceae  

  33 Drimaria sp. 

  34 Spergularia collima 

  35 Spergularia congestifolia  

 CHENOPODIACEAE 36 Chenopodium  ambrosioides  

  37 Chenopodium  incisum 

  38 Chenopodium  petiolare  

 CONVOLVULACEAE 39 Convolvulus sp. 

  40 Dichondra   sp. 

  41 Dichondra microcalyx  

  42 Ipomoea  purpurea  

  43 Ipomoea dumetorum  

  44 Ipomoea sp. 

 CYPERACEAE 45 Cyperus aff. elegans  

  46 Cyperus aff. squarrosus  

  47 Cyperus compresus  

  48 Cyperus hermaphroditus  

  49 Cyperus sp. 

  50 Scirpus sp. 

 EQUISETACEAE 51 Equisetum bogotense  

 EUPHORBIACEAE 52 Chamaesyce hypericifolia  

 FABACEAE 53 Hoffmanseggia postrata  

  54 Hoffmanseggia sp. 

  55 Lupinus mollendoensis  

  56 Medicago sp. 

  57 Melillotus sp. 
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  58 Trifolium repens  

  59 Weberbauerella brongniartioides  

 GERANIACEAE 60 Erodium cicutarium   

   61 Geranium patagonicum  

 HYDROPHYLLACEAE 62 Nama dichotomun  

 IRIDACEAE 63 Sisyrhinchium sp. 

 JUNCACEAE 64 Juncus aff. Imbricatus  

   65 Juncus bufonius  

 LAMIACEAE 66 Hyptis sidifolia  

    67 Salvia tubiflora  

 LILIACEAE 68 Nothoscordum andicola  

 LOASACEAE 69 Loasa  urens  

   70 Loasa incana  

 MALVACEAE 71 Cristaria  multifida 

   72 NC 

  73 Palaua cf. dissecta   

  74 Palaua sp  

  75 Palaua sp 2 

  76 Palaua sp. 3 

  77 Palaua sp. 4 

  78 Palaua sp.(flor blanca) 

  79 Palaua trisepala  

  80 Palaua velutina  

  81 Sida sección oligandra  

  82 Urocarpidium peruvianum  

 NICTAGINACEAE 83 Mirabilis expansa  

   84 Mirabilis intercedens 

 NOLANACEAE 85 Nolana gayana  

  86 Nolana lycioides  

  87 Nolana pilosa  

  88 Nolana sp. (6) 

  89 Nolana spathulata 

 ONAGRACEAE 90 Epilobium aff pedicellare  

  91 Oenothera laciniata 

  92 Oenothera rosea  

 OXALIDACEAE 93 Oxalis aff megalorrhyza  

  94 Oxalis corniculata  

  95 Oxalis micrantha  

 PAPAVERACEAE 96 Argemone mexicana 

 PLANTAGINACEAE 97 Plantago aff linearis  

  98 Plantago lanceolata  

  99 Plantago limensis  

  100 Plantago major  

 PLUMBAGINACEAE 101 Plumbago coerulea  

 POACEAE 102 Aristida adscencionis  

  103 Aristida peruviana  

  104 Bromus catharticus  

  105 Cenchrus cf. brownii  

  106 Cenchrus incertus  

  107 Cynodon dactylon 
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  108 Eragrostis cf. peruviana  

  109 Eragrostis ciliaris  

  110 Eragrostis nigricans  

  111 Eragrostis sp. 

  112 Eragrostis sp. 2 

  113 Eragrostis sp. 3 

  114 Nasella mucronata  

  115 Nasella neesiana  

  116 NC 

  117 Paspalum candidum  

  118 Paspalum lineispatha 

  119 Paspalum scabrum  

  120 Paspalum vaginatum 

  121 Pennisetum clandestinum  

  122 Piptochaetium montevidense  

  123 Poaceae 

  124 Setaria parviflora  

  125 Stipa pachypus 

  126 Tragus racemosus  

  127 Trisetum spicatum  

  128 Vulpia myuros  

 POLIPODIACEAE 129 Adianthum chilense  

 POLYGALACEAE 130 Monnina macrostachya 

 POLYGONACEAE 131 Rumex conglomeratus  

 PORTULACACEAE 132 Calandrinia cf. alba  

   133 Portulaca sp. 

 PRIMULACEAE 134 Anagallis aff. arvensis 

 SCROPHULARIACEAE 135 Alonsoa caulialata  

  136 Baccopa monnieri  

  137 Calceolaria tenuis  

  138 Linaria canadensis  

 SOLANACEAE 139 Leptoglossis lomana  

  140 Lycopersicon peruvianum  

  141 Physalis sp. 

  142 Solanum americanum 

  143 Solanum cf fragile  

  144 Solanum multifidum  

 STERCULIACEAE 145 Melochia pyramidata  

   146 Melochia sp. 

 URTICACEAE 147 Freyrea sp. 

   148 Parietaria debilis 

   149 Urtica urens  

 VERBENACEAE 150 Lantana scabiosaeflora  

    151 Verbena clavata  

   152 Verbena litoralis  

   153 Verbena sp 
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Inventory of  Fauna: 

In total 51 species reported, 7 abundants, 20 commons, 11 rares and 5 accidental. 

Amphibians present only 1 family with 1 specie; reptiles 3 families with 6 species; birds 21 

families with 36 species and mammals 4 families with 8 species (Table 12).  

 

 

Tabla 12: Vertebrates list from Lomas of Mejía 
 

Amphibians:  Especie         Frecuencia 

Bufonidae  Bufo limensis     Co 

 

Reptiles: 

Tropiduridae  Liolaemus insolitus    Co 

Mycrolophus tigris    Co 

Gekkonidae  Phyllodactylus gerrophygus   Co 

Phyllodactylus angustidigitus  Ra 

  

Colubridae  Alsophis elegans    Ac 

Especie no identificada   Ac 

 

Birds: 

Cathartidae  Cathartes aura    Co 

Accipitridae  Buteo polyosoma    Ab 

   Geranoaetus melanoleucus   Ab 

Falconidae  Phalcoboenus megalopterus   Co 

   Falco sparverius    Ac 

   Falco femoralis    Co 

   Falco peregrinus    Ra 

Charadridae  Oreopholus ruficollis    Co 

Phalaropodidae Steganopus tricolor    Ac 

Laridae  Larus pipixcan    Ac 

Burhinidae  Burhinus superciliaris   Ra 

Thinocoridae  Thinocorus romicivorus   Ab 

Columbidae  Zenaida auriculata    Co 

   Metriopelia cecilae    Co 

Psittacidae  Bolborhynchus aurifrons   Ra 

Strigidae  Athene cunicularia    Co 

Caprimulgidae Caprimulgus longirostris   Co 

Trochilidae  Myrtis fanny     Co 

   Thaumastura cora    Ra 

Furnaridae  Geositta cunicularia    Ra 

   Geositta maritima    Ab 

   Leptasthenura aegithaloides   Co 

Tyrannidae  Muscisaxicola maculirostris   Co 

   Musxigralla brevicauda   Ra 

   Ochthoeca leucophrys   Ra 

   Anairetes reguloides    Co 

   Myophobus fasciatus    Ra 

   Pyrocephalus rubinus    Co 

Turdidae  Turdus chiguanco    Ra 
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Troglodytidae  Troglodites aedon    Co 

Hirundidae  Hirundo rustica    Ab 

Icteridae  Sturnella bellicosa    Ab 

Coerebidae  Conirostrum cinereum   Co 

Fringillidae  Sicalis raimondi    Co 

   Carduelis magellanicus   Ra 

   Zonotrichia capensis    Ab 

 

Mammals: 

Muridae  Mus musculus     Ab 

   Phillotis limatus    Co 

Rattus rattus     Ab 

Oryzomys arenalis    Ra  

Canidae  Pseudalopex griseus    Co 

   Pseudalopex culpaeus   Ra 

Vespertilionidae Histiotus sp.     Ra 

Mustelidae  Galictis cuja     Ac 

 

 

DISCUSSION 

 

Since 1995 when the survey was begin, the climatic conditions in Lomas of Mejia 

have been differents with respect to humidity. Of the results, shown in the table 2, it may 

observed that 95 and 96 were dry years, talking of precipitation that could be consider normal 

years, and so they are according to “Marine de guerra del Perú” station reports in the Punta 

Islay, wich correspond to 10.8 mm (Flores, 1997). The next years, 97 and 98, the climatic 

conditions change completely, there is high humidity and precipitation become to 500 mm to 

1997 and upper 300 mm between January and March 1998. Then, these conditions are 

propicious for herbaceous stratum flowering and for shrubs and trees vegetative answers. 

 

The average temperature range was 14.1 to 19.1 °C. The highest maximal temperature 

was 26.5 °C in March and the highest minimal was 7.7 °C in  August. The range of average 

temperature are not to big (figure 1). 

 

The phenological answers given for the plants evaluated during 1998, not only are 

different between themselves in relation to a same period of time but different for the same 

specie. C. spinosa, only shows sprouting or manteins its foliar cover during the “El Niño” 

events while the begining of flowering signs are evidents in the early September.  

 

In relation to D. armata and C. flexuosum,  the answers to environmental factors show 

a high variation in periods of time; during 1998 they did not answer positively to the increase 

of  humidity but to the firts signals of sprouting. 

 

Carica candicans, also shows a different behavior trough the time; in 1998 either 

sprouting and flowering were presented lately in respect to years before, seeing the begining 

of flowering just through the  lately July. 

  

In all cases, flowering begins before leaves sprout; leaves fall ocurred before fruits 

were ripen and fruits fall ocurred much more after the tree were dried up. Furthermore this 

answer, evidently in relation to climatic conditions in that moment, may suggest a possibility 
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of being used it as biological indicators, however, a more observation and comparisons with 

other simmilar researches are needed. 

  

The improvement of climatic conditions in the place helped the vegetation 

development, mainly to the herbaceous stratum wich resulted in a high accumulation of 

biomass as physiological vegetation answer to these changes. In both cases if may observe the 

productivity difference between 600 and 700 m of altitude. This productivity difference is 

also reported by Torres et al (1990), who found in Atiquipa that productivity is major when 

altitude increase. This feature also may have relations to disponibility of water due to the fog 

accumulation between 700 and 900 m.a.s.l. These results point out a high productivity in the 

survey place in comparison with those found by Torres et al (1982) in Lomas of Lachay, 4 

g/m
2
/day, and slightly superior to Arias (1990) who repoted 11 g/m

2
/day also in Atiquipa.  

 

In relation to the possible origen of spring water in Lomas of Atiquipa, it seems that 

samples from pampa Añejo and Pampa Lucmo could have their origen in fog water, with the 

exception of one sample from Pampa Añejo, that gives and isotopical different signal, wich is 

simmilar but not equal to rain, and wich is more probable due to the samll bottles evaporation. 

The results of Conchara ojo seem to be from rain, the same for pampa Añejo A and Pampa 

Añejo ojo. 

 

The assesment of vegetation regarding climatic conditions shows that: before the 

ENSO 97-98, 89 plant species were reported in the Lomas of Provincia of Islay (Lomas of 

Yuta and Mejia), and due to the increasing of rainfall and water content in the ground, flora 

were increased  to 182 species that is 91 % of increasing.  

 

The increments of floristic composition were: 

 

    Families Genera  Specie 

_____________________________________________________________________

_ 

Before ENSO 1997-98       32       74       89 

After ENSO 1997-98        55      116     182 

 

 

Before ENSO 97-98, while Poaceae (11), Asteraceae (8), Malvaceae (5), 

Verbenaceae (5) and Euphorbiaceae (5), were the most important in relation to number of 

species, Poaceae (26), Asteraceae (23), Malvaceae (12), Fabaceae (9) and Nolanaceae (8) 

were the most important as product of high precipitation levels. The largest group was the 

herbaceous stratum. 

 

On the other hand, animal increment were explosive due to the flora increament. Of 

invertebrates, lepidopthera population showed the highest increament, Pieris monuste was the 

dominant. One of the most effective predators of the P. monuste, was the coleopthera 

Calosoma sp. Of vertebrates, Mus musculus, Rattus rattus, Phyllotis limatus, larus pipixcan, 

Sicalis raimondi, Carduelis magellanicus and Bufo limensis were of the most increment 

between March and September. It is important to show that Microlophus tigris population 

decreased almost to disappear and it is only foun in the Lomas edge. 
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6. CONGRESS ATTENDANCES 

 First international conference on fog and fog collection (july 19-24,1998. Vancouver, 

Canada) 

Intecol 

 Seventh international congress of ecology (INTECOL) (july 19-25 1998. Florence, Italy) 

 Fourth latinoamerican ecological congress (october 20-25, 1998. Arequipa Peru). 

 Seminaro Internacional Forestación y Silvicultura en zonas Aridas y SemiáridasINFOR, 

Instituto Forestal, Chile October 21-25, 1996 

 International symposium “La teledetection en Francophonie” (11-14 october 1988. 
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1. General Objectives 

As described in the previous reports, the Florence Research Unit objectives focused on 

studying fog-tree relationships in the aim of a possible rehabilitation of the Peruvian coastal 

hills ecosystem (Lomas) via the plantation of trees.  

For this purpose a set of native and exotic tree species was planted on a test-site 

located in the hilly coastal region of south Peru.  

Researches have also been carried out in forest relicts close to the test sites in order to 

check  the relationships that exist, in natural environments, between morphological 

characteristics of trees and fog-water collection. The aim is also that of verifying the 

sustainability of ecosystems where fog is the only water resource and where past and present 

grazing activities have affected the vegetation dynamics and structure. 

 

2. Specific objectives  

The specific objectives of the project were: 

 

2.1 Within the test sites 

  Analysis of survival and growth of all planted trees in relation to: 

 irrigation (0;1;3 year periods) 

 presence of single treeshelters 

 Evaluation of fog water collection capacity in relation to: 

 tree crown structure and morphology 

 height above ground 

 space occupation strategies 

 Fog water collection efficiency by mesh 

 

2.2 Outside the test site 

 Studying the relations between crown morphology and fog water collection of some 

mature Caesalpinia spinosa trees  

 Stand structure and dynamic aspects of regeneration in relict populations of Caesalpinia 

spinosa. 

 

A lab wind tunnel was designed and constructed in order to model the fog flux, throughout 

the capturing mesh. 

 

3.  Last year’s activities  

During 1998 monitoring was continued within the test sites, whereas elaboration of data 

involved observations collected both inside and outside of the plots.  

The Florence Research Unit presented papers concerning the first results of the project to the 

following international meetings: 

 First international conference on fog and fog collection (July 19-24,1998. Vancouver, 

Canada) 

 Seventh international congress of ecology (INTECOL) (July 19-25 1998. Florence, 

Italy) 

 IV Congreso Latinoamericano de Ecologia, (October 20-25, 1998. Arequipa Perù) 

 

 

4. The test site 
The experimental programme was carried out in the field station of Las Cuchillas, in the 
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district of Valdividida (La Curva) located at 760 m a.s.l. (see also 1997 Report). 

An area of 42000 m
2
  surrounding the test sites was fenced to avoid grazing damage. In order 

to favour the establishment of seedlings, the ground of the test sites was prepared by ripping. 

Between June and July  1996, 1296 plants ( trees and bushes) were planted according to a 

random-block experimental design (fig. 1). The blocks were located in two different areas that 

differed about 50 m in altitude. In this paper, the two areas will be indicated as Test T1 (750 

m a.s.l.) and Test T2 (700 m a.s.l.). Four blocks were created and then divided in to 6 plots. 

36 trees were planted, at a relative distance of 3m, in each one of the plots. All together, 884 

trees were planted in 24 experimental plots. Tree species were randomly placed  in the frame 

of the plot. Five species (tab. 1) were selected for the experiment, two of these are exotic 

plants [Acacia saligna (As), and Causarina equisetifolia (Ce)] whereas three are indigenous 

or naturalised ones [Caesalpinia spinosa (Cs), Parkinsonia aculeata (Pa) e Prosopis pallida 

(Pp)]. Two cohorts, 6 and 12 months old, of Caesalpinia spinosa were treated as though they 

were other two species (Cs6 and Cs12). In order to check the response of seedlings to water 

supply, 3 different time spans of irrigation were tested. The plants were supplied with 1 litre 

of fog-water per day by using a drip irrigation system. In parallel, standard plastic tree shelters 

were placed to test the effect of micro environmental modifications on survivorship, 

establishment, and growth. The treatments are shown in tab. 2. 

 

Acacia saligna = As Parkinsonia aculeata = Pa 

Casuarina equisetifolia = Ce Caesalpinia spinosa6 = Cs6 

Prosopis pallida = Pp Caesalpinia spinosa12= Cs12 

 
Fig. 1- Experimental design: blocks and plantation scheme per unit plot. 
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Tab. 1 List of tested tree species  

 

Height to the nearest cm and root collar diameter to the nearest mm were measured on a  

monthly basis during the August 1996-November 1997 period. One other measurement was 

taken in October 1998. During the summer, data on survival was collected every 15 days. 

 

 

Treatment N. of variants Type of variant 

Water supply duration 3 3 yr.(A)., 2 yr.(B), control (C) 

Tree-shelter 2 Presence (A1,B1,C1)/absence (A,B,C) 

Tab. 2- Experimental design: treatments and variants 

 

 

5.  Results 

The tests were influenced by the 1997 El Niño event that determined higher rainfall values 

than the average ones. For this reason the elaboration of data from treatment B (2 years of 

irrigation) was performed together with data obtained from treatment A. However, the 

experimentation was continued for an extra year  (1999) in order to evaluate the differences 

between the two treatments.  

The results here listed are up-dated to December 1998.  

 

5.1 Survivorship and growth 

5.1.1 Survivorship 

Figures 2a to 2g illustrate the survivorship over time of seedlings planted in the experimental 

plots. 

Probably because of the humidity increase due to the El Niño  effect, the mortality rate of 

young plants in 1997 was close to zero for all of the species, as may be seen in the charts. A 

mortality increase was observed only for Cs towards the end of the year. The survivorship of 

As and Ce instead, remained constant even during 1998. Because these two species exhibited 

the strongest height and diameter increase, it is likely that the large development of  roots and 

crowns allowed individuals to overcome the initial stress caused by transplant and favoured 

survivor. With exception of the sample without treeshelter, the survivorship rate observed for 

As and Ce can also be observed for Pp. On the contrary, mortality constantly increases with 

time for Pa.     

At the end of 1998 survivorship was high in all treatments. The survivorship in watered plots 

varied between a minimum of 58% for Pa and a maximum of 100% for Pp (tab. 3). Except for 

Cs, significant differences, caused by the presence of the treeshelter, were not observed.  

Survivorship in non-watered plots, instead, varied from 23% for Ce and 40% for Pa to 92% 

for Cs6 and Cs12. Never less, it is interesting to notice that all species reacted positively to 

the presence of the treeshelter, even though differences are significant only for Pp. 
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data 

Plot = treatment  

Species 
A A1 B B1 C C1 All treat. 

Acacia saligna n. alive 23 21 22 23 15 14 118 

H10/98 (cm) 275 257 301 280 201 225 262 

D10/98(mm) 62,2 67,7 63,4 72,7 35,8 53,0 61 

Caesalpinia spinosa 12 n. alive 23 21 21 21 22 20 128 

H10/98 (cm) 96 67 100 86 108 68 88 

D10/98(mm) 10,9 13,6 11,3 18,8 12,0 13,2 13,2 

Caesalpinia spinosa 6 n. alive 24 21 23 20 23 21 132 

H10/98 (cm) 87 63 90 77 78 62 77 

D10/98(mm) 9,7 11,1 10,3 13,3 8,5 11,6 10,7 

Casuarina equisetifolia n. alive 21 23 23 21 6 5 99 

H10/98 (cm) 307 264 259 309 138 255 274 

D10/98(mm) 38,4 38,6 30,4 46,8 11,5 34,4 36,5 

Parkinsonia aculeata n. alive 20 14 19 20 9 10 92 

H10/98 (cm) 128 82 112 98 76 52 98 

D10/98(mm) 15,6 12,8 11,4 13,7 8,0 10,4 12,6 

Prosopis pallida n. alive 24 21 24 22 21 15 127 

H10/98 (cm) 117 84 112 98 76 52 91 

D10/98(mm) 14,7 18,1 15,9 18,7 7,7 11,6 14,7 

ALL Species n. alive 135 121 132 127 96 85 696 

H10/98 (cm) 166 141 163 158 107 98 143 

D10/98(mm) 24,9 28,0 23,9 31,5 13,5 20,0 24,3 

 

Tab. 3 Survival, height and diameter at October 1998 per treatment (plot) and species. 

 

 

5.1.2 Height growth 

Among the considered species, Ce e and As show height increment rates that are significantly 

different from those of the other ones even though these differences tend to reduce with time. 

In watered plots, Ce individuals grow more than As individuals. (average value 285 cm 

instead of 278). Pa, Pp, Cs6 and Cs12 follow in decreasing order. Pp, Cs6 and Cs12 benefited 

from the presence of the treeshelter (fig 3). In the case of the non-irrigated plots instead, As 

grows most (average 210 cm) followed by Ce. Both species, probably due to the strong 

lengthways development that places the crowns above the treeshelter, do not seem to be 

favoured by its presence. The other species instead show significant differences in height 

growth due to the protection. 

As far as Cs is concerned the height growth is sufficiently high. In the case of Cs12 the height 

growth is stronger in the non-irrigated sheltered plot than in the irrigated ones. It is also 

interesting to notice that Cs is the species that least benefited from the 1997 humidity 

increase. 

 

5.1.3 Diameter growth 

The diameter growth trend was substantially different from the height growth trend (fig 4).  

Generally speaking, diametric growth was limited for all of the species, however the trend 

was slightly stronger for As and Ce. 

For all species, the registered diameters were obviously greater for the irrigated plots, 



 41 

however there seems to be no relation between larger diameters and presence of the 

treeshelter. On the contrary, for the non-irrigated sheltered plots, diameters resulted smaller 

and the D/H relation was lower.  

Generally speaking  however, mechanical instability of the plants was not observed. 

The results collected so far, show that all species react positively to the tests. Only Ce exhibits 

very low levels of survivorship for the non-irrigated tests. However, considering the high fog 

capturing capacity of the species, the few trees that reach a sufficient height for water 

interception may be able to survive and grow. Evidently, height increase and crown 

enlargement strongly effect survivorship.   

Among the indigenous species Cs and Pp have given the best results both in terms of 

survivorship as in terms of growth, especially if the non-irrigated plots are considered. These 

species are more reliable than exotic/naturalised species. Native trees, however, have the 

drawback of growing slowly, and this is especially true for Cs.  

The treeshelter positively influenced survivorship and more so height growth. 

2b 

2a 
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Fig. 4 a-f Diameter trend per species and treatment, august 1996 to october 1998 
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5.2 Fog water collection of planted trees 

5.2.1 Objectives and hypotheses 

This research focused on analysing the relations between fog and tree individuals that belong 

to the above mentioned species. The given hypotheses were: 

i Greater the development of the crowns, i.e. height development and crown complexity, 

larger the quantity of intercepted water. 

ii As height increases, the efficiency of all fog intercepting surfaces also increases. 

iii Plants species that show different architectural arrangements, also have different 

intercepting capacity and different water release patterns. 

iv Different micro-topographic conditions, in particular exposure to fog flux, noticeably 

influence capturing efficiency.  

 

5.2.2 Materials and methods 

Experiments were conducted on plants grown in the above-described experimental plantation. 

The selection of 40 representative samples of the 5 different species and of the different 

treatments was performed by stratified random extraction.    

In October 1997, the following parameters were measured: 

 height (H) 

 plant collar diameter (D) and diameters along the trunk at intervals of 20 cm (Di..n) 

 crown depth  (Pr ch) 

 the crown shell was determined by measuring crown projections (four cardinal 

directions) at height intervals of 10 cm. 

 height of  branch intersections (H ins) 

 branch diameter at branch intersection (D ins) 

 zenith and azimuth angles of branch intersection on the trunk 

 leaf area (Sf), calculated by measuring the projection of a sample of leaves 

 biomass of roots (Br), stems (Bfu), branches and leaves (Br-f) and, at last, total 

biomass (Btot), estimated through allometric relations extracted by collection method  

 area of the crown surface exposed to the dominant wind (S1) 

 intercepting surface of leaves and branches (Sr-f) 

 crown volume (Vc) 

 

In order to quantify the amount of  fog water intercepted by the crowns, a water collector was 

displayed beneath them (fig.5). 

The separate contribution of stemflow and throughfall to the total amount of collected water, 

was measured on a limited number of samples. 

The influence of the treeshelters on interception, was evaluated by placing a stemflow ring at 

10 cm above the ground on two control shelters (120 cm height). The rings were like the ones 

used on the tree trunks.  

The amount of collected water was determined by using two graduated measuring tubes of 15 

ml and of 250 ml capacity. The fog events selected for the water collection tests took place 

during the August 1997-December 1997 period. Because of the 1997 El Niño effect, that 

involved also the observation period, two rain gauges  were used in order to monitor the 

presence of rain during the fog event.  In presence of rain the events were not considered. The 

intercepting action of the plastic sheet was quantified by comparison with two control sheets.   

The influence of the distance from the ground on the interception process, was evaluated 

throughout 6 fog collectors placed one above the other in two series of three, in Test 1 and 

Test 2, at heights of 50cm, 150cm, 250cm (Photo 1). As compared with Standard Fog 

Collectors (SFC, Schemenauer, 1994), the ones used in this experiment had a reduced size.  
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250c

m cm 

50 cm 

150 

cm 

Photo 1 
These instruments consist of a rigid metal external 

structure. The internal part contains a 30cm square 

canvas  frame that has, attached to it, a double layered 

fog collecting material (Rashel mesh, 35% shading). 

Water is gathered through a PVC pipe it in to the 

containers.  

 

 

5.2.3 Results and discussion 

The average characteristics of the samples are shown 

in table 4. 

The two exotic species examined in this research (As 

and Ce) exhibit much higher values for the 

investigated parameters - i.e. diameter, height, crown 

volume, leaf area and biomass - as compared with the 

indigenous/naturalised species. As already shown in 

previous observations conducted on the entire 

experimental plantation (Bartolucci, 1997; Calamini 

1998), the differences between the species result significant. The discriminant analysis 

separates three groups of plants in relation to the tree species: Acacia saligna, Causarina 

equisetifolia and Parkinsonia aculeata. The analysis instead, does not discriminate evidently 

Prosopis pallida and Caesalpinia spinosa individuals. 
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 treatment 

 watered  non-watered 

SP H (cm) D(mm) S1(cm
2
) Sf(cm

2
) Vc(cm

3
)  H (cm) D (mm) S1(cm

2
) Sf(cm

2
) Vc(cm

3
) 

As 143 36 10722 16989 783170 71 19 1194 1332 31199 

Ce 189 22 6385 40336 227481 102 11 1934 9028 36098 

Cs 44 10 322 63 2984 27 8 70 46 554 

Pa 9 11 273 / 4607 6 7 76 / 299 

Pp 41 13 1164 522 49251 31 7 95 31 443 

Tab. 4- Average morphological values of tested trees per species and treatment. H: height; D: 

collar diameter; S1: exposed surface of the crown; Sf: leaf area; Vc: Volume of the crown  

 

Such results match the ones obtained with the analysis of fog water interception. The average 

interception of each species, elaborated for each one of the selected fog events, is illustrated in 

fig 6. Three separate groups can be distinguished: Causarina eqisetifolia individuals exhibit 

the highest values, whereas Acacia saligna intercepts, in average, about twice the amount of 

water retained by the plants of the third group. The latter is characterised by very 

homogeneous values and it includes individuals of Parkinsonia aculeata, Prosopis pallida 

and Caesalpinia spinosa.  

At this regard, the analysis of the relations that exist between interception and morphology, 

has resulted in highly significant correlations for As, Ce, Cs, Pa. As far as Pp is concerned 

instead, only the relations regarding height and crown depth are significant (tab. 5). 
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Fig. 6 Average throughfall per species and treatment (NW= non-watered; 

W=watered) 
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 H Pr ch Sf S1 V c S r-f V r-f S tot B tot 

As *** *** # ** * ** ** ** ** 

Ce ** *** # * # * # # # 

Cs *** ** * *** **** **** **** *** *** 

Pa *** *** X **** **** ** ** ** ** 

Pp * ** # # # # # # X 

Tab. 5- Correlations between fog-water interception amount and crown parameters. 

#: non significant values; *: sign. per p=0,1; **: p=0,5; ***: p=0,01; ****: p=0,001 

Non-estimated correlations are shown by X. 

 

The importance of leading height in determining the collecting potential of an interceptive 

structure, is highlighted by the results of the studies performed with experimental fog 

catchers. These instruments in fact allow us to separate the height from other architectural 

parameters and therefore distinctly determine its effect on interception.An interception 

increase was noticed while comparing the low fog catcher with the medium height one and 

with the top level one; referring to the interception of the first, the water collected by the 

second and third was respectively 0,5 and 0,8 times grater (fig. 7). As far as plants are 

concerned and in reference with an hypothetical capturing-surface unit, the simple growth in 

height (50cm-250cm), would determine an increase of interception capacity up to 80% grater. 

In conclusion growing plants create better conditions for self-water supply as they become 

larger. 
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Fig. 8 Relative contribution (%) on the total 

amount of the captured water by tree crowns 

released via stemflow per species.  

All so far said confirms previous  researches (Schemenauer, 1994) that indicate a stronger fog 

capturing capacity for taller catchers. 

A first corroboration that interception capacity varies also with the height variation of trees, 

was obtained by separating the sampled individuals of Acacia saligna and Causarina 

equisetifolia  in height classes and by calculating the average interception values of each 

class. In fact the «medium»  

and the «high» classes register values that are about 0,5 and 2,5 times grater than those of the 

«small» class. 

Also the other morphological and architectural parameters determine a positive influence on 

interception, as shown by the slope coefficients of the regression lines, that are positive in all 

cases. This is particularly true for the crown surface that is exposed to wind  and for the total 

biomass, especially considering that the latter is strongly related to volume and area of the 

intercepting surfaces.  

It must be also noticed that the highest interception values were registered for the native 

species and for the naturalised ones. This observation is especially true for Caesalpinia 

spinosa that exhibited the highest interception values both in terms of leaf-surface unit and in 

terms of crown-volume unit. 

Interception in terms of crown-volume 

unit was very high also for Parkinsonia 

aculeata. The lowest values among the 

native-naturalised species, were instead 

registered for Prosopis pallida, this 

value however was still higher than 

those registered for the exotic species. 

These observations indicate that native 

and naturalised species have developed 

crown structures and morphological 

adaptations that optimise fog 

interception. Such developments may 

be interpreted as part of a more general 

adaptation to the arid environment that 

characterises the area of research. Even 

though the growth rate is initially 

higher, the stronger mortality rate of 

Acacia saligna and of Casuarina 

equisetifolia individuals during the first 

year after planting, as compared with 

that of the native species, corroborates 

this hypothesis. The mortality rate was 

high especially in those plots that were 

not irrigated (Pedeferri, 1998; 

Pelleschi, 1998).  

The results concerning release of water 

to the ground by stemflow highlight the following aspects. The stemflow constitutes the most 

efficient mechanism of water release from the crown because it concentrates moisture in the 

immediate proximity of the roots and therefore reduces losses caused by evaporation and by 

transpiration on the part of other competing plants. The highest absolute and relative values of 

stemflow, as compared with total water interception, were primarily observed for Casuarina 

equisetifolia - stemflow 71,8% - followed by Acacia saligna. The other species, instead  

exhibited very low values (fig. 8). 
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The main morphological and architectural characteristics that determine strong stemflow are 

the leaf shape, its position, the type of intersection along the branch and, at last, the branch 

angle at the intersection point with the branch of inferior order. 

Let us now examine Casuarina equisetifolia  and Prosopis pallida, the species that 

respectively had the highest and the lowest stemflow. The former is characterised, especially 

in early stages of life, by upward branches and by needle-shaped leaves, inserted on the 

branches at sharp angles, that collect most of the moisture. These characteristics facilitate the 

water flux along the branches down to the trunk of the plant. Prosopis pallida instead, has a 

prostrated habit determined by plagio-tropic or geo-tropic branches, the leaves are inserted 

horizontally and the leaf margins tend to bend downward. Such a structure obviously retains 

water on the leaves and favours dripping rather than stemflow. 

The results obtained in the study on treeshelter effects indicate that the presence of a 

protective structure has a positive effect on interception and determines a water capturing 

increase as high as 200% as compared with the interception of  «naked» plants. 

The presence of the treeshelter favours vertical growth (Bartolucci et al. 1997) and increases 

the interceptive capacity of the plant, as discussed above. 

A significant difference was observed by comparing the amounts of water intercepted by the 

experimental catchers of test 1 and test 2. All of the events monitored for test 1 resulted in 

grater amounts of intercepted moisture and the average values resulted to be about 1,8 times 

the ones registered for test 2. 

This fact strengthens, in accordance with Schemenauer‟s research, the hypothesis that the 

topography plays an important role in interception potential. In fact the 50m altitude 

difference between test1 and test 2, results in fog absence or fog density reduction for the 

latter. Besides, test 1 is closer to the saddle and therefore the wind speed increase enhances a 

higher interception.  

 

5.2.4 Conclusions 

This research confirms that fog-water interception plays an important role for self- sustenance 

of juvenile trees. All species seem to be able to intercept considerable amounts of water from 

fog.  

The amount of intercepted water also seems to increase as trees grow larger, especially in 

relation with crown development and height growth. For this reason exotic plants that tend to 

grow larger, have intercepted grater quantities of water as compared with 

indigenous/naturalised species. Even though  the latter tend to be smaller, the different 

architectural structure of the crown determines higher values of interception per surface unit.  

The quantity of water intercepted by stemflow resulted to be very limited for all of the species 

with exception of Ce. This is probably due to the architectural differences of this species as 

compared with the others. Throughfall is a form of water supply that is less advantageous than 

stemflow because evaporation losses are grater.  

The quantity of intercepted water resulted to be grater for test 1 than for test 2. It is likely that 

such a difference is caused by the proximity of T1 to the saddle point where the wind speed is 

stronger and not by the altitude difference itself. 
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5.3 Fog water collection efficiency by mesh 

5.3.1 Introduction 

A research aimed at investigating how an undisturbed flow becomes complex due to the 

presence of a fog collector (in Spanish “atrapanieblas”) was planned in order to support the 

field work carried out in the framework of the EU project. The presence of the collectors 

originates changes in the fog flow patterns as well as turbulent effects given by the wind-

structure interaction. 

Lab and field work were both required for this research. During the first phase, field 

investigations were conducted to in order to characterise the modifications induced to the flow 

motion by the presence of obstacles. Tests were conducted by using a wind tunnel designed 

and constructed for obtaining qualitative information on the motion itself. The fog collector 

was reproduced in scale and different capturing mesh were tested. 

 

5.3.2 Main results  

During May-July 1997 period field measurements of wind speed and direction were carried 

out in order to characterise the Las Cuchillas area. The main results of the field experiment 

can be summarised as follows: 

 the presence of the open area under the collecting pipe induces a flow acceleration with 

velocity values that roughly increase by 50% at a distance from the post of 1 m; 

 the disturbance of the fluid flow caused by the presence of the post, is felt only slightly 1 m 

upstream of the collector; on the contrary its effect is strong laterally to the post itself and 

at a lateral  distance of 1 m the velocity is increased by about 50%. The presence of the 

post is also felt 6 m downstream and at such distance the velocity profile is still disturbed. 

It may therefore be concluded that half of the collector width is needed for the profile to be 

completely re-established; 

 the flow velocity measured on a horizontal plane at a distance of 125 cm from the ground, 

results in a map shows the combined effects of the post and of the presence of the open 

area. 1 m downstream, both the effects are felt, however in the middle of the collector, the 

open area influence prevails in such a way that at 4 m the flow is still accelerated by 50%; 

 for the double collector downstream flow, the results show that the central post induces a 

symmetric flow field with the axis passing through the post itself. The influence of the 

central post is also felt 3 m upstream, where there is a 15% reduction of the incident 

velocity. 

Data coming from two cup anemometers equipped with data loggers mounted respectively 2 

m downstream and 7 m upstream of the collector, has been analysed in order to obtain the 

value of wind speed reduction caused by the mesh. Low wind velocities are weakly 

influenced by the presence of the mesh. The reduction in fact is 16% for velocities that range 

between 2 and 3 m/s. The stronger the wind speed, the bigger the value of the reduction 

coefficient: for velocities that range between 3m/s and 3.5 m/s the reduction is 22%, for the 

3.55 m/s interval the reduction is 24%.  

Another field of research was carried out with the aim of estimating the value of the reduction 

coefficient to be applied to 48 times the volume captured by the Standard Fog Collector (SFC, 

1 m
2
 area) in order to estimate the volume of the fog collected by an «atrapaniebla» (48 m

2
 

area). Its value was equal to 0.9 and this result may have a practical application in the first 

stages of a fog collecting project. The actual yield of the fog collector is 90% that of the 

volume collected by the SFC. Therefore the SFC volume contribution multiplied by 48 and by 

the number of collectors that it is planned to install, will result in a 10% over-estimation of the 

yield.  

In order to support field work and in order to explain the differences in intercepting rate, a 
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new research based on a fluid dynamics approach was established. Its main purpose was to 

investigate how the undisturbed flow becomes complex due to the presence of the 

atrapaniebla, and how the obstacle  originates changes in the flow patterns due to wind-

structure interactions.  

In our model, the only free parameter that was considered was the mesh porosity. Capturing 

surfaces, with different porosity, were tested with the purpose of mapping the flow field 

downstream of the obstacle. In fact, because of the presence of a permeable surface, part of 

the flow passed through the net spaces, part was able to overcome the total height of the 

collector and the remaining part avoided the obstacle itself. The different contributions are a 

function of mesh porosity in terms of the area and of the geometry of the empty spaces.  

The mini wind tunnel tests were planned and conducted at the Department of Agricultural and 

Forestry Engineering, University of Florence. The mini wind tunnel is a low speed, open-

circuit tunnel of the suction type, with a constant velocity value of 4.3 m/s. The working 

section is 0.20 m high, 0.40 m wide and 0.6 m long. It has been built in plexiglas in order to 

favour the visualisation techniques. 

The study of the flow field downstream from the fog collector model was done with vane 

anemometer measurements and flow visualisation techniques. Information obtained from the 

two methods were integrated in order to obtain the spatial influence of the porous obstacle in 

the fluid flow. Meshes that are available on the market and that are used for different 

applications, such as air pollution particles removal and hail defence, were tested. Another 

approach to the study of porosity influence in the scaled model was adopted by using 

perforated panels having an assigned uniform porosity. They were used as a references in 

order to assign an equivalent uniform porosity to the tested meshes on the basis of comparison 

between the velocity profiles obtained with the anemometer.  

The need of such an approach could be found considering the limit of the fluid dynamics 

response obtained in the scaled model with a mesh that was not reduced in scale. The tested 

model could not be considered representative of the reality, because the net that was used was 

not scaled and, moreover, the results might not be interpretable in terms of fluid dynamics 

behaviour. The main results obtained from the different techniques used in the wind tunnel 

tests are discussed below. 

The velocity profiles obtained sampling with the mobile anemometer gave two main results: 

the first was the re-assignment of uniform porosity to the three tested meshes and the second 

was the length of the disturbed downstream flow as a function of porosity. Porosity influences 

the strength and the length of the wake: a strong localised wake originates from the less 

porous panel, while a slight but space-persistent wake originates from the more porous panel. 

These results are confirmed by visualisation of particle traces. 

Visualisation results allowed to characterise the space of the wake region as a function of 

porosity. The tuft results determined the extension of the upper limit of the wake both in the 

direction of the wind and in the direction perpendicular to it. The smoke results instead gave 

the extent of the wake on an horizontal plane and the coloured particles left traces on the 

bottom of the wind tunnel surface.  

In the downstream flow, three characteristic lengths can be discussed to distinguish the wake 

region as a function of porosity. These are represented by the maximum distance from the 

ground to the upper limit of the wake region and its extent in the direction of the wind and the 

lateral disturbance. All distances were made dimensionless with the height of the obstacle. 

The first dimension represents the strength of the wake: the bigger the distance, the stronger 

the wake. The second dimension represents the persistence in space of the wake and at last the 

third dimension represents the deviation undertaken by the flux in the area lateral to the post.  

The less porous panels show a longer extension along the x-axis and a shorter tail in the 

direction of the wind; meaning that decay starts closer to the obstacle. The flow above the 
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obstacle is found to be disturbed at a height from the ground that is bigger than that of more 

porous panels. The iso-lines graphs, mapping the wake region, can have an immediate 

practical application when the position of a second collector downstream is required. Since 

the area occupied by the wake region is clearly visible on the graph, it is possible to find the 

place where to install the second collector outside the wake region.  

The maximum extent of the wake region along the wind direction can be derived from the 

analysis of the results coming from the thread visualisation and from the particle traces. The 

first method confirms the results obtained by the anemometer data that more porous panels 

give rise to a very long wake; the particle traces show the presence of disturbances up to 

roughly a distance equal to 8 times the height of the obstacle. 

Smoke visualisations show also the dependence of the upstream disturbed flow from porosity: 

less porous the panel is, more the flow is disturbed.  

The coloured particle traces left on the bottom of the wind tunnel surface showed the clear 

vortical structures formed in the case of the impermeable panel. The perforated panels did not 

show any evident structure. 

 

5.4 Relic populations of Caesalpinia spinosa 

5.4.1 Introduction and objectives 

On the coast of the Department of Arequipa the tree lomas are represented by a few 

endangered relics. Grazing is rather intense in the region and sheepfolds are still built near the 

densest tree stands. Trees are used as a source of firewood, as building and fencing material. 

Leaves are frequently used as fodder. During the ENSO events, when the availability of 

pastureland is high, the presence of livestock increases considerably and with it the need of 

wood. In parallel, grazing influences severely tree regeneration. At present, the resulting 

deforestation process is alarming because it is causing the destruction of the last small forest 

relics of the Lomas landscapes. 

In order to evaluate the influence of grazing and more in general the effect of human 

activities, the study focused on highlighting the main factors causing degradation, on 

evaluating how these factors have conditioned the present structure during recent times. 

Besides this, the investigation aimed to check the presence of adaptive mechanisms at 

community, population and individual level with regard to fog presence.  

The specific objectives of this research can be summarised as: 

 studying the magnitude and dynamics of degradation factors, i.e. grazing activities and 

related wood cuttings. 

 evaluating the present effects of degradation factors in view of a future restoration of 

woodland relics. 

 studying dimensional and morphological aspects of Caesalpinia spinosa plants 

belonging to relic populations, with particular attentions to crown structure 

 studying the fog flux interception process on the part of the epigeal portions of adult 

taras by relating interception capacity with the structural characteristics of the plants 

 studying the spatial distribution of water dripping beneath the canopy 

 performing a first analysis of the root system architectural model of  Caesalpinia 

spinosa plants. 

5.4.2 Structural analysis, materials and methods 

Eight sample areas where selected in two distinct valleys (tab 6): one South of the Cerro 

Chihuanolo (zone 1) and the other South of the Cerro Las Chucillas (zone 2), where the tree 

density was over 20 plants per hectare. 
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  Alt. range (m a.s.l.) 

 Tr. Plot n Size (m
2
) Low High 

 
 

 

ZONE 1 

1.1 18000 570 700 

1.2 10000 580 665 

1.3 8000 605 690 

1.4 6400 525 610 

1.5 6000 610 675 

 
 

ZONE 2 

2.1 8000 400 500 

2.2 2000 655 700 

2.3 3200 500 545 

Tab. 6 Transect-plots main characteristics 

 

This choice was taken to sample different environments, more precisely : 

a) a different grazing pressure. Around zone 1 there are two permanent and active  sheepfolds, 

while in zone 2, also due to the steep slopes, there is less grazing. 

b) a different average altitude of the slopes. The areas sampled in zone 1, as represented  in 

figure 2, are at a higher altitude compared to zone 2. 

Among the 8 areas, 5 are in zone 1 facing South in the main quebrada and towards East and 

West in the secondary ones; three are in zone 2, all facing West. 

Each area, a rectangle 40 meters wide, with a surface between 3000 and 12000 square meters, 

was stretched from the dry river bed of the quebradas up to an altitude where the density of 

the population was minimum. 

Inside the sample areas all the stumps were mapped and for each tree the following 

parameters were measured: 

 height; 

 circumference at 1,30 m of each stem; 

 circumference at 1,30 m or at the cutting level for cut stems ; 

 crown intersection height  

 radius of the crown projection area according to the cardinal points ; 

For each stump, the position was traced and the circumference at the cutting level was taken. 

Regarding the crown, by means of the measurement of the radius the cover projection area 

was measured considering it as the union of 4 ellipsoidal shaped sections. The direction of the 

green crown‟s side was then found and the percentage of vegetation was estimated. The data 

was then compared with that from a sample of 10 trees - five from each one of the two 

quebradas. In parallel a research was carried out that studied the relationship between the 

characteristics of the crown and the quantity of intercepted fog. (Calamini et Al., 1998). 

 

5.4.3 Results 

5.4.3.1 Species composition 

The taxonomic structure in zone 1 is determined by a complete dominance of Caesalpinia 

spinosa (99% of the individuals), while in  zone 2 three main species are present with a 

frequency that varies from area to area. In area 2.1 plants all belong to the Caesalpinia  

spinosa (even though there are remains of Cytharexylum flexuosum ), instead in area 2.2, 83% 
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of the trees are represented by Duranta sp. while the rest is Caesalpinia spinosa; in  area 2.3 

Casalpinia spinosa and Duranta sp. make up  for 38% each and 24% of the plants are 

represented by Cytharexylum flexuosum. 

The relative abundance of herbaceous and suffruticose species is indicated in table 7.  The 

coverage varies from 15% to 31% in zone 1 and from  21% to 37% in zone 2. While in zone 1 

the herbaceous and suffruticose species prevail, in zone 2 one observes a prevalence of 

suffrutescent and toxic shrubs not eaten by the livestock that indicate overgrazing. 

Renovation is practically absent, and only 18 seedlings of Caesalpinia spinosa were found 

under two trees, in a nearly inaccessible point in the first sample area of zone 1. 

 

Trans.- 

plot 

1.1 1.2 1.3 1.4 1.5 

% of veg. 

cover 

20,9 20,2 15,6 16,0 31,0 

most 

abundant 

species 

Poaceae  

Croton aff. 

alnifolius  

Lantana sp. 

Poaceae  

Lantana sp. 

Croton aff. 

alnifoius 

Lantana sp. 

Poaceae  

Verbena clavata 

Nicotiana 

paniculata 
Verbena clavata 

Cotula australis 

Poaceae 

Grindelia 

glutinosa 
Lantana sp. 

Transect-plot 2.1 2.2 2.3 

% of vegetation cover 25,6 37,7 21,0 

most abundant species Grindelia glutinosa 

Croton ruizianus  
Croton aff. Alnifoius 

Grindelia glutinosa 

Spergularia 

congestifolia  

Croton aff. Alnifoius 

Croton aff. alnifoius 

Plumbago coerulea 

Verbena clavata 

Tab. 7-  Percentage of terrain cover by herbaceous and shrubby vegetation per sample plot. 

 

 

5.4.3.2 Horizontal structure and distribution of the diameters  

The horizontal structure of the examined populations presents mainly an aggregated 

distribution, with plants gathered in small groups along the slopes. The analysis of the 

distribution index Id shoes that starting from areas of 400 m
2
, over 45% of the cases have an 

aggregated distribution. This value rises to 77% considering areas of 1600 m
2
.  

Also, considering that the area of the crown of the individuals (monocormic and polycormic) 

is between 30 and 50m², the reliability of the distribution index used becomes even stronger.  

In terms of crown coverage the values vary between 8,6% and 15 % in zone 1, while they 

decrease down to 3,2% and 14% in zone 2. In zone 2 these values are without doubt 

influenced by the structural taxonomic difference with the connecting physiognomic 

characteristics of each species. 

The density of the populations (fig.9) results to be different in the two examined zones: while 

in zone 1 it varies from 25 to 34 stumps per hectare  (considering only alive individuals), in 

zone 2 the range is larger and the average value is 45 stumps per hectare. 
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The number of shoots per 

stump is extremely variable. 

The percentage of 

monocormic trees varies 

between 3% and 60%, but 

while in zone 1 the average 

is little more than 20%, in 

zone 2 it reaches about 50%.  

On average there are 3.4 

shoots per stump in zone 1 

and 2.3 in zone 2. The 

density of the population 

expressed in terms of shoots 

per hectare varies from 100 

to 130. 

The basal area per hectare is 

relatively low reaching 1,7m²  

and 1,1m² respectively for 

zone 1 and 2 (fig.10). 

The density ratio does not 

change even when adding 

the felled and dead 

individuals or the shoots that 

have been partially removed.  

The distribution of the 

diameters follows the Gauss 

curve. Such a distribution is 

characteristic of even-aged 

populations even if the 

modal classes change in the 

same zones: in the first it 

varies from 9cm to 21cm for 

Caesalpinia spinosa, while 

in second zone the modal 

classes are 15cm (plots 2.1 e 

2.2) and 18cm (plot 2.3) for 

Caesalpinia spinosa and 

6cm for Duranta sp. and 

Cytharexylum flexuosum. 

 

 

 

5.4.3.3 Vertical structure 

The vertical structure is, within clusters, mono-layered. The dendrometric height varies 

between 4 and 9 metres in the two zones with over  90% of the plants between 4,5m and 7m. 

An increase of the height of plants is evident at higher altitudes, therefore the tallest 

individuals are found in zone 1. 

The crown shape of Caesalpinia spinosa is globular and large. These characteristics of the 

species can be referred to the model of Champagnat (Halle and others. 1978 in: Calamini e 

Salbitano, 1998)  
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Fig. 9 Density (n/ha) of stools  per transect plot and zone 
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Fig. 10 Total basal area per transect plot. Green and 

yellow bars show the alie stools and the remains of cut 

sumps respectively. 
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The crown depth, measured as the distance between the dendrometric height and the 

intersection height of the lowest green branch, follows the same distribution of the 

dendrometric height. In  zone 1 the field of variation is very broad  (range from 1 to 7,5 

metres) even though nearly  45% of the crowns is vary between  3,5 and 4,5 metres. In zone 2 

it reaches a maximum depth of 5 metres and 59 % of the plants range between 2 and 3 metres. 

The crown profile results potentially exposed towards valley, specially when associated with 

steep slopes. The horizontal sections of most of the crown shells are symmetric. Nevertheless 

a strong vegetative crown division has been observed for Caesalpinia spinosa. The main 

direction where the vegetation of the crown grows is towards North, therefore in the opposite 

direction compared  to the origin of the dominant winds and consequently of the fog. 

It is important to notice that the sampling was done at the end of the fog season (austral winter 

1996), which was a very dry year.  During 1997, an ENSO year, the portion of crown in 

vegetation was much higher. 

 

5.5 Crown morphology and fog water collection. 

5.5.1 Materials and methods 

14 adult Caesalpinia spinosa plants (identification number 2 to 15) were selected inside the 

sampled areas (see also 5.4.2).  Data concerning fog interception was collected at altitudes 

that vary between 460 m.s.l. and 750 m.s.l., these limits also coincide with the vegetation 

border line for the lomas of Mejia, in 10 cases. 

In order to include an ample number of variables that could potentially influence fog 

interception, the choice of individuals was influenced by exposure, altitude and plant 

dimension. 

It must be noticed that all of the precipitation events that took place were generally associated 

with limited rain,  this is unusual for the Peruvian coast climate. The influence of the 1997-

1998 El Niño  effect is the reason for these anomalies of precipitation. 

 

The following parameters were registered for each tree: 

 leading height  

 height of the first branch intersection 

 trunk diameter at breast height (1,3) 

 position of the actively vegetating parts within the crown  

 length and the direction of 8 crown rays 

 length and diameter of the branches of first order 

 number of  secondary order ramifications 

 total number of leaves per tree (based on sampling) 

 direction of the dominant wind 

 

The crown profile was determined by measuring: 

 the distance between the ground and the first branch intersection 

 the crown depth in a given section 

 the number of branches, the type of branches and the number of leaves that touch a 

measuring bar placed next to the crown 

  

The throughfall, due to fog interception, was measured with a square reticular system of rain 

gauges displayed under the crown. The density of the instruments was 1 gauge every 3sqm, 

therefore the number of gauges under each plant varied with the plant‟s dimensions. All 

together 224 devices were used. 

In order to extend the collected data to the entire surface, two methods were used: the 
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Thiessen polygons method and the isohyets method. 

Besides giving information on the volume of water, this measurement allowed us to observe 

the spatial distribution of throughfall under the crown. It was then possible to relate such 

distribution with external elements, in particular with the direction of the dominant wind. 

In the case of three plants, the reticular square of rain gauges was contemporarily equipped 

with an impermeable basin displayed under the crowns. The overlapping of measurements 

was necessary in order to allow a comparison between the total amount of collected water and 

the amount collected by the rain gauges. 

The stemflow was measured for all of the individuals selected for this research. The water 

was collected by fixing a neoprene ring around each one of 16 trees. In the case of 

multistemmed plants a ring was placed on each stem. 

Other rain gauges were also displayed in proximity of the plants, in the area surrounding the 

crowns, in order to measure the rain (guarà) that reached the ground and that summed its 

effect to the water dripping from the trees. The Caesalpinia spinosa plants that were equipped 

with the impermeable basin, were also supplied with a smaller plastic control sheets in order 

to check the intercepting capacity of the plastic. 

In the aim of defining the general characteristics of the sampled trees, the crown projection 

area was determined and consequently the apparent volume of the crown was calculated. This 

was done by multiplying the measurement of crown depth by the size of the projection area. 

The shape of the projection was also defined. 

The actual volume occupied by branches was used in order to determine the biomass of the 

trees calculated with the following procedure: 

 

 the volume of the first order branches was calculated on the basis of the actual 

lengths and diameters of the branches. 

 the volume of the second order branches was calculated by measuring with 

destructive methods a sample of branches. The volume of the sample was then 

related to the entire crown. 

 

The total leaf area was determined by analysing a sample of leaves and by calculating the 

single average leaf area. The total area was then calculated by estimating the number of leaves 

on the plant. The value that was obtained was put in relation with the crown projection in 

order to determine the Leaf Area Index (L.A.I.). 

At last, an analysis of the crown profile was performed by determining the area and the shape 

of the profiles and by obtaining a graphic representation (silhouette). 

These silhouettes were determined on the N/S and on the E/W direction. The latter is also the 

direction of the dominant wind. 

 

 

 

5.5.2 Results and discussion 

5.5.2.1 General characteristics of the sampled plants 

As shown in table 8 the 14 selected plants present a strong variability in terms of diameter 

(from 10 cm to 40 cm). The largest diameters were registered in zone 1, the zone at higher 

altitudes. The same can be said about height. Height varies from 2,5 m for plant n° 8 (zone 2) 

to 8,5 for plant n° 15 (zone 1). 

Generally speaking also the other parameters follow the same trend, even though variability is 

different. 

The limited number of examined samples does not allow us to extend these observations to all 
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Fig. 11 Silhouette surface  at different exposures per tree and per zone 

 

 

W 

of the tree populations of these areas.   However, previous studies in zones 1 and 2, have 

highlighted a greater development in size of plants in zone 1. This fact is probably due to 

better environmental conditions and in particular to a higher fog intercepting capacity 

(Angeletti, 1997).  

 

Tree 

n. 

Altit- 

ude 

Crown 

sector 

in veg. 

DBH Height Crown 

length 

Crown 

volume 

Branch 

volume 

Leaf 

area 

Crown 

project. 

area 

Silh. 

surface 

N-S 

Silh. 

surface 

E-O 

L.A.I 

 

z 

o 

n 

e 

 

2 

 m a.s.l. direc. cm m m m
3 

m
3 

m
2 

m
2 

m
2
 m

2
  

2 610 N,E,O 25 6,6 5,00 85 0,39 25 36 12,76 25,10 0,66 

3 645 N,E,O 28  5,0 3,30 61 0,34 31 24 13,75 16,30 1,30 

4 570 N,E,O 19 4,7 2,85 40 0,27 11 30 8,24 12,94 0,36 

5 510 E,S,O. 12 2,7 1,60 14 0,02 6 14 2,46 2,88 0,42 

6 470 N. 18 5,4 4,40 48 0,32 6 48 14,63 10,43 0,12 

7 460 N. 22 4,0 2,30 30 0,16 3 31 8,64 6,06 0,09 

8 460 N,E.  2,5 1,00 3 0,001 2  4,36 2,86 0,45 

z 

o 

n 

e 

 

1 

9 675 N,O. 38 7,0 5,70 56 0,07 13 19 19,30 12,66 0,70 

10 700 N,O. 40 8,0 6,20 234 0,99 11 64 31,63 31,31 0,17 

11 725 N,O. 28 8,0 6,50 223 0,37 19 50 27,61 31,89 0,38 

12 745 N,O. 40 6,5 4,50 111 0,56 24 51 17,88 18,84 0,43 

13 670 N,E. 30 7,5 5,50 142 0,33 10 54 22,75 22,72 0,18 

14 640 N,E. 40 6,3 4,50 105 0,85 18 55 16,99 16,58 0,32 

15 620 N,O. 35 8,5 5,50 160 0,80 29 66 31,45 23,78 0,44 

Tab. 8 Main site characteristics and morphological parameters of the investigated trees 

 

The crowns of Caesalpinea spinosa tend to have an asymmetric distribution.  

It has been noticed that in relation to the directions that observations refer to, the leaves are 

found especially in the portion of crown that is not exposed to the dominant wind: in the same 

direction, the crowns are obviously larger. This tendency is particularly strong for plants of 

zone B. In this zone, in fact, plants do not have green sprouts in the direction of the wind (S, 

S/E, S/W). A possible explanations for this could be the wind transport to the study area of 

polluting agents from a copper mine that is located at a distance of about  50 km.  In fig. 11 

the 
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wind direction

 
Fig.  12 Example of tree section (silhouette) 

 

S-W N-E

dimensional differences between the silhouettes of  Caesalpinia spinosa samples can be 

observed. In zone 1 the crowns are larger and the shapes of the plants are more regular as 

compared with those of plants from zone 2.   

It may not be 

excluded that, 

especially in 

periods during 

which the fog 

water supply is 

low, plants 

undergo stress and 

consequently 

reduce their leaf 

area in the 

direction of the 

dominant wind. As 

indicated in figure 

12, the crown is 

most developed in 

the area that is 

opposite to the 

incoming wind.  

The aspects that mostly characterise the shape of the crowns are: 

 the lance shape in the direction of the dominant wind; 

 stronger development of the crown in the portion opposite to the incoming wind as 

compared to the exposed portion  

 

The wind therefore influences the shape of the trees and the fog transport. Relations may 

occur between these two elements and the fog interception on the part of plants. The 

collection of fog water is determined by the complexity of the texture of the branches, 

especially by the secondary ones. The development of the crowns in the direction of the wind, 

might be justified by a structure that offers a greater intercepting surface to the fog flux.    

It must be remembered however that in environments like the Lomas di Mejia, where humans 

have constantly felled trees or crown portions, any hypothesis about the actual shape of plants 

is hazardous.   

 

5.5.2.2 Throughfall and stemflow 

The instrumentation necessary for stemflow and for throughfall measurement was displayed 

during a period of about two months. On June 29
th

 1997 all of the measuring instruments were 

in place and the data collecting work continued until August 8
th

 1997. During this period 

some fog events took place and considerable amounts of water were collected. 

The flux of water along the trunks was always modest and it accounted for only 1-2% of the 

amount of water dripping from the crowns. 

In tab.9 the values of throughfall and the values of stemflow of each plant are compared with 

the precipitation registered in proximity of every individual. Among all of the observed trees, 

the highest throughfall was registered on plant n° 10. For this individual, the increase of the 

quantity of water reaching the ground by throughfall as compared with the amount of water 

falling on the ground of open areas near the plant, was 384%.  
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Tree n. 

zone 

Altitude 

m a.s.l. 

Rainfall 

(mm) 

Throug. 

(mm) 

Throug. 

(litre) 

Cr. pr. on-

ground (m
2
) 

Stemflow 

(litre) 

z 

o 

n 

e 

 

2 

1 600 25,9  41,1   822  20,3  23,1 

2 610 33,5  42,2  1614 38.2 18  

4  570 31,5 31  900 29,6 23,7 

6 470 19 23.3  1061 45,4 17  

7 460 21,6  31,6  997 31,5 29,3 

8  460 31  31 124 4 4,6 

z 

o 

n 

e 

1 

10 700 13.1 50,3  3010 62,5 40 

12 745 27,7 34,8  1397 55,2 25 

13 670 22 32,1  1643 52,9 19,8 

14 640 22,5 26  1538 58,3 23 

15 620 18 29,8 1904 65,6 19  

 Tab. 9 Sum of throughfall (both in mm and litres) and stemflow values per tested 

tree. Altitude, crown projection area and rainfall fallen during the test period are 

reported 

 

Even though these observations refer to a limited number of fog events, the throughfall values 

are very high. Keeping in to consideration the amount of water that falls in proximity of the 

observed plants, the increase of the amount of water that reaches the ground under the crowns 

is always significant (plants 8 and 4 constitute an exception because of the reduced crown 

size).  

Even though the water flux along the tree trunks has a primary ecological importance because 

it constitutes a rapid supply of moisture to the roots, it only reaches modest values for all of 

the observed plants and it is never over the 2% of water amount by throughfall. 

A representation of the dripping distribution under the crowns was created on the basis of the 

measurements obtained from the reticular square of rain gauges.   Figure 13 shows an 

example of the throughfall distribution per single event processed by the isohyetes 

elaboration. It must be noticed that the strongest intercepting area is the one opposite to the 

incoming wind. The isohyetes 4 mm of rain are located under the border area of the crown 

directly exposed to the wind direction i.e. facing the fog flux.  
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The figure shows the crown projection (discontinuous line in red) and the area covered by the 

impermeable basin under the plant (blue continuous line). 

The correlation indexes «r » calculated for the sampled plants with significance thresholds of 

5, 1 and 0,1% are shown in table 10. These values allow to make some considerations on how 

each parameter associates with the others. 

The interception values give a result that is interesting enough to justify further analyses. In 

fact, interception values result in a highly significant «r» for all of the examined parameters 

(superior to 0.8). This is particularly true for the apparent crown volume, for the height, for 

the diameter at 1.3m, for the crown depth and, at last, for the actual crown volume. These 

parameters are also highly significant in reciprocal correlation. 

The results of the multiple regression analysis between the dependent variable «crown water 

interception» and the independent variables (DBH, crown depth, height, apparent and actual 

volume of the crown) are illustrated in table 11. 

 

wind direction

 
Fig. 13 Example of throughfall distribution per tree and per fog event. Legenda: see text. 
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 DBH  LH CrL TFA CrV BrV 1
st
OB 2

nd
OB TotB 

DBH          

LH 0,82         

CrL 0,78 0,97        

TFA 0,85 0,87 0,88       

CrV 0,82 0,91 0,88 0,96      

BrV 0,89 0,81 0,78 0,86 0,86     

1
st
 OB 0,83 0,85 0,88 0,90 0,80 0,83    

2
nd

 OB 0,77 0,73 0,77 0,83 0,76 0,76 0,91   

TotB 0,78 0,75 0,79 0,85 0,78 0,77 0,93 1  

CrP 0,87 0,92 0,91 0,84 0,85 0,85 0,89 0,88 0,89 

SuNS 0,75 0,77 0,84 0,90 0,90 0,74 0,76 0,81 0,81 

SuEW 0,72 0,83 0,88 0,89 0,86 0,69 0,78 0,62 0,65 

ALT 0,86 0,77 0,74 0,79 0,79 0,71 0,69 0,62 0,61 

Tab. 10 Correlation values “r”. Significance: P=0.05, 0.01, 0.001 

Legenda: DBH: Diameter at 1,30 m;  LH: leading height; CrL: Crown length; 

TFA: Throughfall; CrV: Crown volume; BrV: Branch volume; 1
st
 OB: sum of 

length of first order branches; 2
nd

 OB: sum of length of second order branches; 

TotB: Total number of branches (estimated); CrP: Crown projection area; 

SuNS: Silhouette surface facing North-South direction; SuEW: Silhouette 

surface facing East-West direction; ALT: Altitude m a.s.l. 

 

n. of 

variables 

Indipendent variables  
R 

Significance 

 (p ) 

5 DBH, LH, CrL, CrV, BrV 0,98 0,01 

4 LH, CrL, CrV, BrV 0,96 0,01 

4 DBH, LH, CrL, CrV 0,97 0,002 

3 DBH, LH, CrL 0,92 0,1 

2 CrV, BrV 0,96 0,0001 

2 CrL, CrV  0,96 0,001 

2 CrL, BrV  0,92 0,001 

2 LH, DBH 0,91 0,002 

Tab. 11 “R” correlation coefficients per single functions of multiple 

regression tested at different number of variables levels. 

 

As the number of variables used to perform the multiple regression decreases, the correlation 

index also decreases, however this diminution is never proportional to the number of variables 

that are subtracted from the regression equation, neither does it remain the same as the 

number of independent variables stays constant. Highly significant indexes are obtained even 

when only two variables are used, as for example crown depth and the apparent volume or 

alternatively, actual volume and apparent volume. In this case the strong reduction of the 

variables still results in very high values of the correlation index (0.96) at least if compared 

with that obtained from the first equation.  
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This information allows us to conclude that those parameters that strictly characterise crown 

space occupation are most strongly correlated with fog interception. 

 

 

5.6 Root morphology of some mature Caesalpinia spinosa trees 

A preliminary study of the root system morphology of some adult dead, but not decomposed, 

plants was carried out in parallel with the study  of the crowns of  Caesalpinia trees. The 

hypothesis was that the root system distribution pattern would be determined by the 

throughfall pattern and that the root system would be prevalently superficial, as typically in 

arid climates. 

 

5.6.1 Materials and methods 

The method used in this research in order to describe the root system is called the «skeleton 

method» (Kolesnikov, 1971) and it consists in removing the top soil in such a way that the 

root pattern can be traced and its surface can be determined by way of a net. The area is then 

divided by a grid system. The main references consist of two perpendicular axis orientated 

according to the maximum steepness direction. Starting from the any single root intersection 

point, the length of the segment of root was measured up to any abrupt change of direction. 

The diameters were measured at the intersection point and at the changing direction ones. All 

the roots were measured up to 0,5 cm diameter. Furthermore, the roots were classified 

according to their branching order, starting from order 0, i.e. the taproot.  

Besides the measurements of the root system, the crown parameters were also registered. 

The collected data was used to process  2d and 3d graphic representations of the root 

architecture, to perform an indirect estimation of root biomass, and to compare crown vs. root 

systems. 

  

5.6.2 Results 

The study of the structure and of the architecture of the root system, shows that in the 

considered Caesalpinia plants the apparatus is superficial, as illustrated in fig 14. 

The examined samples, in fact, exhibit a marked tendency towards horizontal development of 

the roots that are therefore concentrated in the first 30-35cm of soil. Besides, all of the 

investigated root systems, tend to be more developed on the downhill side of the stump. 

However, due to the limited number of examined plants, it is not possible to draw general 

conclusions about the root system of Caesalpinia trees. 
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6. Conclusions 

 This research confirms the precarious situation of the population relics of Caesalpinia 

spinosa in the coastal lomas of South Peru. 

These populations grow together in a monolayered structure without young individuals or a 

visible renovation. 

The density is low throughout and in constant decrease especially due to the grazing activities, 

like the woodcutting to burn and to make sheepfolds. In fact a high percentage of the trees 

have cutting signs. Therefore the basal area and the volume of the crowns are progressively 

diminishing, factors that are fundamental for the capacity to collect fog water which can be 

considered as the only consistent water supply. For this reason the groups of trees are mainly 

concentrated on the slopes facing the dominant winds coming from South and Southwest and 

at the higher altitudes. 

The distribution of the plants tends towards the aggregate form, also due to the progressive 

reduction of the density. Current density, aggregate distribution and traces of dead stumps, 

make one believe that in the recent past these populations had a bigger extension and a higher 

Profile

North South
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Slope

direction

Top view

m

m

Stump

Fig. 14 Example of  root system architecture of a Caesalpinia spinosa tree
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density. 

A consistent renovation of the arboreal species was not found. The dispersion area of the 

seeds coincides approximately with the crowns coverage under which, because of the 

throughfall, the most grass is found. It is therefore evident that, mainly in the hottest hours of 

the day, the cattle that group under the crowns have a controlling effect on every form of 

renovation. 

However, the overgrazing does not seem to have a direct influence on the reduction of the 

arboreal coverage: the mechanism of reaction to browsing has been observed as proliferation 

nuclei of buds and shoots.  But the reduced herbaceous cover, the marked pathways, 

considering the steep slopes and the sandy loam texture of the land worsen the danger of 

erosion. 

The consumption of shrubs by the cattle for feeding, was not observed. 

While the high numbers of cattle are more or less fairly distributed between the various 

valleys (quebradas), the damages caused by the connected activities are much more evident in 

the quebradas near the folds (zone 1). 

In conclusion, the survival of these relic populations seems strongly conditioned by the 

possibility to stop the grazing at least in the areas round the nuclei of vegetation. This 

operation could bring beneficial effects specially during the years of high precipitation 

(ENSO). The private property regime could favour this operation, with small forms of 

incentives for the owners and for the users. 

 

As far as the dimensions of the plants are concerned, it was observed that the individuals of 

the population vary in size as the two zones are considered. In the Quebradas of zone 1, in 

fact, all of the average values of the dendrometrical parameters were superior. No 

dendrochronological study was performed in order to establish a relation between age and 

size,. This fact has allowed plants from zone 1 to have better conditions for fog interception 

and therefore it has favoured their growth. Again, the higher capturing values registered for 

plants in zone 1, confirms the above-mentioned hypothesis. 

In terms of crown shape, Caesalpinia spinosa plants seem to have a greater crown 

development in the direction opposite to the dominant wind. Usually the green portions of the 

crown are the ones the direction of the dominant wind. This assertion however does not take 

in to account possible human disturbances. 

As far as the relations between crown development and interception are concerned, the 

following conclusions may be drawn: 

 the amount of captured fog is directly related with the main morphological features of the 

trees, in particular to DBH, height, crown depth and volume.. If such result will be further 

confirmed and validated, in future it would be possible to approximately estimate the fog 

capturing capacity of plants by referring to their main morpho-parameters. 

 the analysis of the root system of Caesalpinia spinosa induces the hypothesis that the 

superficial development of the apparatus is caused by throughfall dampening of the first 

centimetres of the soil. Such a structure is probably an adaptation to the harsh climate of 

the Lomas and in particular to fog capturing.  

 the measurements of stemflow and throughfall show clearly that the water supply due to 

fog interception can justify tree survival even in the very harsh conditions of the lomas. 

However it seems that, as far as regeneration is concerned, germination is favoured by the 

recurrent El niño effect (Laning 1965). 

 the relic populations of the lomas di Mejia undergo strong livestock pressure that 

determines intense grazing and trampling. The damage is particularly visible in those 

stands that are located in areas where fog interception is favoured, probably because in 
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these areas the grass is more abundant. Livestock pressure is also associated with felling, 

branch cutting and fire damage caused by shepards. Again, the strongest damages are 

found in the above mentioned areas. 

 

In conclusion, the Caesalpinia spinosa trees investigated in the Lomas di Mejia, exhibit 

strong relations between morphological crown parameters and fog capturing capacity. 

Interception is also influenced by the main elements that interact with fog transport, in 

particular by wind, exposure, altitude and orientation of the Quebradas.  
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PREFACE 

 

This report intends to be the synthesis of the research activity carried out by the working 

group of the University of Padua, Italy. In particular, it focuses on the social consequences of 

the experimental activity run in the area of the Lomas. 

 

A special emphases has been put on  the socio-antropological aspects of the territory, which 

are detailed recorded in the following report. This survey is the result of a specific visit which 

was conducted by prof. Giorgio FRANCESCHETTI and Dr. R. Pant DIPAK, of the 

University of Padua, in 1998. 

 

The report starts by considering the geographical and economical peculiarities of the 

territory which was included in the survey. Additionally, problems and possible consequences 

have been evaluated, considering the possibility to transfer the same technology into other 

similar territorial contexts.  

 

1. THE TERRITORIAL CONTEXT 

2.1. Environment and landscape 

 

 

The hills of Mejia (las Lomas de Mejia) are situated on the northern flanks of Tambo river. 

The Mejia Lomas are closely connected with the Tambo river basin through natural as well as 

anthropic links. 

All the major rivers and streams (like the river Tambo in Mejia Lomas surrounding) start 

from the pre-Andean and Andean highlands (the Sierra) just above the coastal desert. 

Tambo, like almost all water streams that pass through the desert and end in the Pacific 

Ocean, suffers the irregularity in course and water supply. 

Naturally, most cultivated land-plots and consistent community-settlements are to be found 

in the river basin. 

 

Where the river Tambo meets the ocean we find today a swampy natural reserve, the 

protected area known as Santuario Nacional Lagunas de Mejia. 

A Peruvian private association for the preservation of natural environment and landscape 

(PRODENA, Arequipa) is engaged in the project to patrol and support the reserve. There are 

also some cultivated land-plots (chakras) near the reserve which, according to PRODENA 

activists, have increased in due course of time occupying more and more areas of the Laguna. 

 

Due to immigration from the highlands and population growth the demand of food is 

increasing. In general, the Peruvian food economy is not sound and self-reliant. 

The demand of food, jobs and housing by the increasing number of people is  very high. So 

the Laguna and the Lomas, as all other oases in the Peruvian coastal desert, are constantly 

under pressure. 

 

Many species of birds frequently pass through and halt in the Laguna and on the Lomas. 

People of the near-by community-settlements connect the Lomas with the Chakras (cultivated 

areas) through a series of activities, out of which cattle-herding is the most important. 

 

The Lomas are relatively green patchworks on the Peruvian and Chilean coastal desert, 

which is almost the driest areas in the world. That's why the Lomas are also called "fog oases" 

(oasis de nieblina). These "fog oases" are discontinuously present all along the Pacific coast 
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of Peru and northern Chile. Many of such oases are completely squeezed by the desert and 

have become quite arid. 

 

In the southern Peru, the best preserved Lomas are to be found near Chala, a coastal 

township more than 350 km north of Mejia. 

The Mejia Lomas are encircled by the vast desert west of Arequipa (a part of the Atacama 

desert). At present, the vegetation mantle is very poor. 

On the western slopes facing the Pacific Ocean residues of vegetal communities (known as 

Lomas Costaneras)  helped by the fog-water are still found here and there. 

Since the end of 1987, in many parts little grass has covered the Lomas  surface, mainly 

thanks to the unusually high precipitation due to the phenomenon of El Nino (as recorded in 

the year 1982-'83). Otherwise, just some little shrubs and a few plants are found in the Lomas 

surface and surrounding. 

 

A darkish, close and silent landscape emerges when the fog wraps the Lomas -  usually from 

the late afternoon to early morning in the October-April period. 

During May-September period, sometimes it may even persist the whole day. 

In clear periods, the vista is vast and open, permitting to notice the mildly irregular contours 

of hills and hillocks which make the landscape pleasant to look at. 

 

The studied areas correspond to the Department of Arequipa and the Province of Islay, 

situated in the south-western part of Peru. Within Islay province, we focused our research in 

the area of fog capture and its surroundings:  Cordòn Cuchillas and the Lomas of Mejia. In 

this area the Lomas, which historically had a great economic relevance, both for forest 

exploitation and fodder production, is now undergoing a process of desertification due to both 

anthropic and natural factors. To understand the interconnections between human role and its 

environment we have to point out some issues related to land tenure and to the effect of 

regulation and development policy in the project area. The territorial context is characterised 

by a large fragmentation. We can divide the land tenure in 3 big groups (Censo Nacional 

Agropecuario, 1995): 

 

 very few large estates (> 100 ha); 

 few medium estates (20-50- ha); 

 a large number  of small owners (0,2-3 ha - 5 ha ) and an uncertain number of seasonal 

labourers. 

 

By this land fragmentation, a wide income distribution occurs 

The Tambo Valley land tenure is defined by an agrarian structure predominantly composed 

by small (0.3 ha) and medium (20-30 ha) size ownership. On the other hand, in the Lomas big 

tenures, in many cases abandoned and with less defined borders, are the predominant items. In 

fact, each development project designed for Lomas will have to take in consideration the  

“latifundium” situation, which is peculiar of this area and make difficult to transfer this model 

to other similar areas. 

 

To understand if Lomas exploitation by fog capture represents an opportunity for sustainable 

development it is important to analyse the impact of the main features of regulation and 

development policy  in project area. 
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The Land Law no.26505 of 1995 sets out a process of farm land privatisation in Peru. In 

Tambo Valley the future land tenure will be much more defined than before. 

 

Nevertheless, Lomas privatisation will be very complicated due to the relatively high cost 

connected to the process. Here there is still a great confusion on the real ownership of those 

lands abandoned before the Agrarian Reform. 

 

Contrarily to land privatisation process, the procedure for privatisation of water is still not 

clear. We still have a Law Proposal where the main changes are connected to the 

reorganisation of irrigation network authorities those will have more power in water 

management decision making process. Furthermore, the tendency is to give water rights with 

payment of quotas and, if possible, without government subside in the future. This will 

determine an increase in water prices for agricultural use, towards a level near to effective 

costs. Two effects could come out: first, the rationalisation of the irrigation system on Tambo 

Valley (present price 0.0008 US$/m3 and effective cost 0.0032 US$/m3) and second, the need 

to search new sources of water such as fog water.  

 

The fog could represent an interesting resource whether the privatisation went on. 

Nevertheless, at the moment this process has had a stop and the actual socio-political scenario 

does not permit its application in short term.  

 

Finally, there are still some other problems about the use of captured water and territorio 

reorganisation, since a strategic resource increase implies new power relationships: indeed, to 

utilise water does not mean to control water. We want to point out that the problem of fog 

capture is also a problem of socio-economic interconnections with the territorial scales of 

reference and with social actors more or less involved. From one side, multiscale analysis is 

necessary to understand which are the relationships between national, regional and local 

scales with the main functions of fog‟s capture project: utilisation of a new source of water, 

development of new production patterns, sharing a new technology. On the other side, 

multimaker analysis is crucial to get the interconnections amongst the different social actors, 

such as Ministry of Agriculture, Municipality, Juntas de Usurious, NGOs, Producer 

Organisations and the project‟s function mentioned before. 

 

 

 

3. SOME ASPECTS OF THE SOCIAL IMPACT OF THE FOG-CATCHER 

TECHNOLOGY IN THE LAS LOMAS AREA. 

 

3.1. ASPECTS ON THE SORROUNDING COMMUNITIES 

 

3.1.1. Human settlements 

 

According to the scientists of the Centro de Investigaciones de Zonas Aridas (CIZA), 

National Agriculture University of La Molina (near Lima), the early Pre-Hispanic (and, pre-

Inkaic) settlers had understood the fog-condensation process very well (Engel, 1989-'90). 

"Shell mounds" (heaps of refuse, ash, shell and fish-bones) have been found  just at the very 

foot of Lomas indicating small and large settlements as far back as 10,000 years before 

present days. 
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This substantiates the supposition that the early settlers found out the link between a "fog 

oasis" (the Lomas) and the possibility of the existence of underground water in the 

surrounding. This explains the remaining of old settlements all along fully desert stretches of 

the Pacific coast. In some areas of the coast even stone-lined wells were dug in the Lomas. 

The communities usually settled further down on the desert (beach). 

 

Their main protein intake has been fish and sea-products, as pointed out by the remaining of 

fish bones in the archaeological repertoire found around the ruins even farther (away from the 

coast) in the interior. 

The Lomas area has been their reserve of natural resources - soil, water, plants, and pasture. 

 

The nearest township (el pueblo)  in the Mejia Lomas surrounding is Mejia; it is a small and 

pleasant beach resort with a great potential for tourism. 

Even if the current state of infrastructures and links are not yet suitable for a full-scale 

tourism development, Mejia developed as a quiet beach resort through this century. In fact, 

the oldest houses of Mejia are wooden constructions of European style, which are said to be 

brought in pieces by ship and later assembled in loco.  

 

Further north, there is a relatively big township, Mollendo, another beach resort and trading 

post. This settlement was founded 127 years ago by the people who fled their plague-infected 

villages (in the area between Matarani and Mollendo). 

 

So far both Mollendo and Mejia have attracted mostly local visitors and holiday-makers 

(most of them residing in the city of Arequipa), but international tourism is still negligible due 

to the insufficiency of infrastructures and business skills. 

 

To the south of Mejia, there are several townships (Enscenada, La Curva, El Arenal, 

Cocachakra, Chucarapi, Punta de Bombon) and some minor settlements, which are mainly 

found along the Panamerican highway (la Panamericana) which ultimately leads to Chile. 

 

Between Mollendo and Chucarapi, all the settlements have two basic commonalties: 

availability of the water for the community and for the Chacras (cultivable plots) and 

closeness to the communication arteries. 

 

The river Tambo and the Panamerican highway have attracted and are continuing to pull 

settlers and migrants. The vast majority of migrants come from the highlands (la Sierra), due 

to the harsher life and work conditions in the Sierra compared to the coastal lowlands. 

 

 

3.1.2. Population and activities 

 

The Mejia Lomas and the surrounding community-settlements are within the province of 

Islay, which has, according to the official data sources (Census 1993; cf. Activity Report No. 

2, pp. 10-11) some 50,000 inhabitants. 

The same statistics say that a small portion (around 8,000) of the provincial population is 

active (full-time) in agro-pastoral and fishing activities (primary business sector). 

 

Livestock-breeding is the most important part within the primary sector; chicken, goats, 

sheep and cow are main items. Also the majority of non-farming households, doing trade and 
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service business (tertiary sector), usually are engaged in small livestock-breeding and some 

horticultural work. 

 

The Lomas heights and slopes are the main pasture area for the herders of coastal towns and 

villages. 

There are some transhumantic herders living in temporary encampments (in total 16 

persons), while their household base are in the coastal lowlands. 

There are also some cattle-breeding families (in total 3 households) who have been more or 

less permanently living on Lomas itself since some years. 

 

The number of livestock items (animals) vary from one herding/breeding unit to the other, 

and even within a single unit fluctuations are quite frequent. 

Sale, death, family consumption of the livestock items are irregularly occurring. 

A detail survey of livestock fluctuating rate and factors has not yet been done. 

It could be useful to assess the local economy and the environmental impact of pastoral 

activities on Lomas. 

 

The average operation range (grazing area) of one herding unit is about 8-10 km radius. 

Most of the Lomas land is owned by a few families who live somewhere else (Arequipa); 

consequently, in most of the cases the land is rented for grazing. 

Sometimes, the herding unit is allowed to camp by the landowner in exchange of some 

favour (e.g. taking care of the landowner's cattle or other forms of labour or product 

exchange). 

 

The main problem of a herding household in Lomas is water, with the exception of the year 

influenced by El Nino; drinkable water still represents the limiting factor for many cattle-

breeders, forcing them, in many cases, to leave their job and move somewhere else. 

 

Only very few underground sources of sweet water are present in the Lomas, and the time 

and energy needed for fetching the water from far dislocated sources is a discouraging factor 

for the primary (agro-pastoral) sector workers. 

 

 

Fish is a frequent feature of the diet, and fishing is an important activity among the settlers 

of the coastal area. 

 

Small retail trading and services engage the majority of active adults, particularly on the 

coastal towns and along the roadside. 

 

Since 1997, rural credit and micro-enterprise finance has entered the Tambo valley area. By 

the end of the same year, some 293 credit packages were already approved. 

The rural credit and micro finance institutions coordinate their activities with the technical 

help groups (grupo de assistencia tecnica) formed by the local productive associations, local 

institutions and some social organisations. 

There are 21 associations of economic operators in the Tambo valley area which are said to 

play some mediator role in the rural credit and micro-enterprise financing. 

 

The credit and some training (still far below the actual needs) are extended to the "small 

groups" (minimum 3, maximum 5 adults) in a collective basis. 
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The groups must be homogeneous (as for common situation, interest, skill and territory) and 

should present a growth and investment plan to obtain credit and technical help. 

If one member of the group performs badly in repayment then to all other members of that 

particular group further credit could be suspended. 

According to the exponents of rural credit institutions the main problem of the micro finance 

is not the insolvency as such but the quantity and quality of technical and legal assistance to 

the small entrepreneurs. 

 

Many of such credit groups are all-women companies, as well as many micro enterprises 

(retail trade and services businesses) are owned and/or run by the women. The women in this 

area seem to be economically active (and, most probably, better performers than the men), but 

socially vulnerable and culturally backward. In the water-use the women are key-players, for 

they manage most of the household water-use (for drinking, cooking, cleaning, feeding the 

domestic animals and irrigating the kitchen gardens). 

 

 

3.1.3. Problems 

 

Social relations seem relaxed and without significant irritants (ethnic, class or of any other 

sort), but collective social institution-building does not seem to be well developed. 

Family ties are not as strong as they may appear at the first glance. 

Separation, abandoning the household, disappearing from home, domestic violence are quite 

recurrent (no statistics available, only empirical assessment. 

 

The major social problems of the area are: 

 increasing presence of the highlander migrants
1
; 

 lack of off-farm jobs for the multitude of migrants and local youngsters; 

 alcohol abuse; 

 micro criminality (mostly theft); 

 many poor unmarried mothers
2
. 

 

The major economic problems are : 

 scarcity of water for drinking, cooking, cleaning, cattle-herding, irrigation; 

 potentiality of conflict for water use; 

 low quality and impure drinking water (water-borne diseases and  kidney disorders are 

common); 

 insufficient hygiene and sanitation; 

 limited amount of cultivable plots (due to the scarcity of water); 

                                                 
1
 In local derogatory term, los Cholos, "clumsy and backward natives"; but it has also brighter aspects. 

It also sounds like "straight-forward, innocent. Indios.... " in contrast to los Criollos, the "smart, shrewd 
and simpatico"  Peruvian of European or mixed origins with the prevalence of European elements. 
2
 Many male adults engage in sexual and sentimental relations before marriage and there are often 

unplanned births. It is quite frequent to find a young lady with a child and without a husband 

(unmarried or abandoned), working hard to feed the family. There is a national and regional campaign 

in favour of such mothers and for the legal recognition of the child by the natural father (for the 
acceptance of paternal responsibility). 
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 poor infrastructures (here lies one of the major difficulties in developing a sustainable 

tourism. Tourism could be a very good complementary sector if carefully planned and 

managed). 

 

 

 

3.2. "FOG-CATCHER TECHNOLOGY", HABITAT AND COMMUNITIES: 

EXPLORATION OF THE SCENARIOS 

 

In the previous Activity Report (A.R. No. 4, Bicciato & Pettenella,1996), three main 

scenarios for fog-water utilisation were singled out.Some additional information and 

reflections are listed. 

 

 

3.2.1. Scenario of water-use for reforestation of the Lomas 

 

The drip irrigation of seedling and nurseries till the growth of sufficiently mature plants (the 

ultimate fog-catchers) is technically feasible, but the cost is quite high. 

 

The uncertainties are about the protection of the growing plants and controlled grazing. 

If the reforesting area is not brought under some form of institutional protection, there are 

many uncertainties regarding the landowners' behaviour (commercial disposability). 

 

The Mejia area is developing as a tourist resort and a trading post and the pressure of 

immigration from the highlands is increasing. 

The Lomas will not remain untouched by the growing demand of excursions, roads, clay and 

construction materials, housing and settlement sites, dumping sites, forest products, animal 

products etc. 

The reforestation (and the expensive water collection for it) needs to be worked out within a 

broader framework of over all sustainable local development. 

 

 

3.2.2. Scenario of ex-situ water utilisation (for agriculture, energy  and household) in 

the surrounding 

Water collected by fog-catchers funnelled to the surrounding community-settlements and 

land-plots.For the moment, Mejia Lomas are too far from the nearest-by settlements and the 

cost of channelling the water, the evaporation and dispersion of water, the complexity in 

managing a wide supply network and, in some cases, the unsuitability of the terrain do not 

encourage this scenario.But in the long run, this is the most interesting scenario to be pursued. 

 

The fog-catchers could be made a household technology (suppose the outskirts of the Lomas 

are increasing inhabited in the coming years). 

This could be helpful for a different model of economic development based upon the 

integration of primary, secondary and tertiary sectors - e.g. agritourism, outdoor recreation, 

craftworks, innovative cultivation and breeding (foodstuff and forage produced without 

chemical agents etc., medicinal plants, spices, animal and vegetal products of various kinds) 
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Another possibility, as already mentioned (Bicciato & Pettenella..), is a multi-purpose use 

(drinking, energy, irrigation) of fog-water through small-scale hydro projects. 

This scenario is the most interesting one from a global water-use viewpoint, and it deserves 

a more careful and in-depth scrutiny.The uncertainties of this scenario are mainly related to 

land-use and territorial planning, the institutional framework of development programmes and 

the over all socio-demographic situation. 

 

 

3.2.3. Scenario of in-situ water utilisation (for specialised hill agriculture, horticulture, 

agro-forestry and cattle-breeding) 

 

For a particular hill agriculture and cattle-breeding in the hills the use of fog-water can be of 

great help. 

The fog-water could also be used for some specialised agricultural production (wild species, 

spices, herbs, medicinal plants, some fruits  etc.) suitable for the Lomas hills. 

At the moment, the Mejia hill residents are insignificant in number (3 households and 16 

temporary tent-dwellers). 

The damp and darkish environment of the fog-clad Lomas in certain periods and the 

distance from main roads discourage permanent settlement. 

But this possibility  can not be excluded that in the future, particularly in the outskirts, 

around the Lomas foothills. 

 

The three scenarios are not necessarily mutually exclusive. 

All of these scenarios could be well integrated in a clear sustainable development 

programme for the Mejia Lomas and the surrounding community-settlements of Tambo 

valley. 

 

 

4. CONCLUSIONS 

 

The possibility of participation of the potential beneficiaries in the project has not yet been 

examined by the researchers. 

This is of utmost importance if the project is for "sustainable development" and it needs  a 

proper social research. 

 

The fog-catcher technology has both some very positive and negative characters (see table 

1)A thorough understanding of the local needs, land-use and water-use systems and laws are 

required. 

 

Table 1 - Socio-economic aspects of the technology 

 

POSITIVE: 

 immediate effects of the investment 

 multiple use of the fog/water collected 

 easy system to manage 

 quite flexible for personalised (household-level) as well as consortium-level applications 

 no patentable technology: easy social control 

 spectacular technology: consensus by scientists and policy makers 
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NEGATIVE: 

 localization in remote areas 

 high investment costs 

 high annual variability 

 replicability no easy: specific solutions needed for each context 

 (seasonal productivity) 

 

 

So far the project has proceeded only as a scientific-academic experiment programme. 

A general development scheme must be drawn up involving local strategic subjects 

(community organisations, authorities, institutions, NGOs...).From purely material point of 

view the technology seems "appropriate".The basic hardware is easily available in the market, 

and does not require particular expertise to handle.But from the viewpoint of operations and 

management it is quite complex and requires some skills, resource-consciousness and 

cooperation.Technical and management training needs must be assessed through a thorough 

understanding of the local skills and culture. 

 

From the economic point of view, local capacity to pay for and handle (and to maintain) the 

technology both at consortium and household levels is important aspect to be explored in all 

details. 

At the moment, even the basic hardware for fog-catcher technology is quite expensive for an 

average Peruvian household.Some form of incentive, grant or soft loan must be studied if the 

technology is to be extended in the near future. 

 

One of the main problems of the area is poor skills of the available manpower in all 

sectors.Specific skill enhancement and over all re-qualification of the local human resources 

is a basic requirement of the area and people, with or without the "fog-catcher" technology. 

 

So far the local organisational capacity is concerned, the existing productive associations, 

micro credit institutions, small business groups and NGOs must be screened.They must be 

contacted and, whenever necessary, involved in some parts of the programme. 

An in-depth understanding of local leadership (both formal, informal and business) and 

group dynamics is necessary in order to strengthen institutional development process. 

 

Table 2 - A checklist for testing  priorities in the implemention of the fog catchers 

technology  

 who are the people involved? 

 which are their needs? 

 what's the opportunity cost of water? 

 what are the social impacts= how to organize participation? 

 where to put the fog collectors, how many, which size, etc? 

 

The capacity of monitoring, evaluation and feedback of the beneficiaries and other social 

and institutional actors depends upon their involvement right from the beginning of project 

operations. In table 2 a checklist for testing  priorities in the implementation of the fog 

catchers technology in the future is suggested.A new relationship with the potential 

beneficiaries, social and institutional actors has to be built by the project. ANNEX I 
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Hints of a "history of human ecology" of the project area 

 

The ecological history of the Lomas has not yet been fully explored. 

This is an important preliminary task, if the Lomas ecosystem reconstruction and restoration 

is the objective of the Mejia project. 

Historical documents make quite clear that the Lomas greenery was an important part of the 

coastal ecosystem. 

Its resources (forest and fodder) were important for the economy since the early pre-

Hispanic times (Rostworowski Canesco,1981; Talavera, Jimenez & Villasante, 1994). 

It is said that during the Spanish period, the Lomas were object of intense wood-cutting and 

deforestation (see Activity Report No. 2, p. 10). 

 

The little Lomas forests were used for construction and fuel. 

Some of the forest-covered areas were cleared for agro-pastoral activities. 

In the recent years, overgrazing (particularly by the goats and ships) is considered to be the 

main cause of the rapid disappearance of the Lomas vegetation and of the soil 

impoverishment. 

 

The watershed periods in the "history of human ecology" can be considered as following : 

 

1. Pre-Hispanic period (including pre-Inkaic antiquities), until the fateful year 1531
3
. 

The pre-European period was that of agro-pastoral, fishing, craftworks and forest-use 

activities. 

Although, in some way, the natural resources' use was well-organised; but it was far from 

today's predatory approach. 

The religious culture was certainly "ecological" (nature-worshipping polytheism).  

The historical details regarding the pre-Hispanic periods are still shrouded in the mystery. 

 

The pre-Hispanics did not have scriptures and the early European settlers were not interested 

in preserving or promoting the native collective memories, languages and customs. 

Mejia Lomas  -  as many other Lomas surroundings  -  were, most  probably, well 

known to the pre-Hispanic peoples. 

Most probaby, the resources-use was conducted in a very soft and sustainable manner as in 

the rest of Pre-European Peru (Rostoworoski...cf. above; Grillo, Quiso, Rengifo & Valladoid: 

1994, Miranda,  1996). 

Because they were not too many, and the space and resources were abundant. 

And also because they tended to be quite self-restrained with the natural environment due to 

their polytheistic cosmovision. 

 

2. After the consolidation of European (Spanish) power, around 1561 to 1581 and later all 

along the colonial period up to the 19th century, the whole system of managing natural 

resources and modelling the environment and landscape was drastically changed. 

                                                 
3
 When some Spanish armed adventurers (sponsored by the then Royal Power of Spain and Spiritual 

Authorities of Roman Catholic Church) crossed the mountains and met the last Inka emperor 
Atahualpa at Cajamarca (northern Peru). They later slaughtered the Inka élites, kidnapped Atahualpa, 
ransomed him for gold and murdered him (it is said that the reason for the murder was  Atahualpa's 
throwing the bible to the ground when it was handed to him; cf. Wilson, 1995). 
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Because the new paradigm was based upon the existence of a single and unique Supreme 

Being, a transcendental God (the central concept of Judaic-Christian and Islamic traditions). 

The religiosity imposed by the Europeans put the Supreme Being (God)  beyond the 

natural contingencies (theocentrism !). 

It also affirmed man's absolute right over the natural environment (anthropocentrism!) in as 

much the man was the near-perfect and highest creature of God, reflecting the image of God 

Himself. 

 

The predatory approach to nature became dominant and the native resources management 

system was gradually replaced by the European (of the old colonial)-type use and 

administration. 

The trees of Lomas forest, the natural fog-collectors, became the main targets for energy 

items (firewood, charcoal) and construction material. 

 

 

3. The early 20th century, particularly around 1908 to 1931 was a period of political and 

economic stability (after the long turmoil of the  War of the Pacific in the 19th century). 

Some reforms and some national infrastructure build-up were achieved in this period. It was 

also the period in which the positivist modern paradigm (the legacy of late 19th century 

Europe, i.e. the myth of science and "ultimate technological fix for everything") entered 

Peruvian society. 

 

It was not theocentric (as the Judaic-Christian paradigm) but more anthropocentric for it 

maintained that man was the measure of everything. "God's control over man and man's 

control over the nature" (as in Judaic-Christian thinking) was replaced by "no place for God, 

man's control over everything". 

   

This influence added more ideological legitimacy and better technical instruments to the 

resource-users, and their actions created more incisive impact upon the environment (cf. 

conversation with some Peruvian intellectuals in Arequipa and Cusco). 

 

4. The late 1960s are considered yet another period of transition. 

The Peruvian state was moved from feudal to a semi-reformed one in  the period of the 

left-leaning political-military leader, Gen. Velasco. 

Land reform, many institutional reforms and some public works were undertaken in this 

period. 

Soon after the period under Gen. Velasco's rule, during the Belaunde and Garcia government 

terms, the Mejia Lomas and the surrounding  area saw a surge in the human activities. 

Immigration from the Andes highlands (Sierra) is the most visible  phenomenon. 

The immigration is increasing year per year (unfortunately, clear  thematic statistics in 

this regard are not available). 

 

If this process continues we can expect some serious alterations in the  whole ecosystem of 

Mejia Lomas and Laguna  areas. 

 

 

5. The era of global-liberalization, the 1990s, (our times) is witnessing slight increase in the 

environmental concern among the Peruvian élites. 
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From the government's side, there has been a controlled liberalisation of the domestic 

economy, a certain level of political stability and some good declarations about the natural 

environment. 

The present government (presided by Mr. Alberto Fujimori) has been successful 

(seemingly) in suppressing the armed dissidents like the Maoist Sendero Luminoso (literally 

meaning "Shinning Path") and radical Tupac Amaru group (named after a half-Indios 

blooded Peruvian hero killed by the Spaniards in the colonial times) 

International contacts, tourism, trade and exchanges are increasing. 

The Fujimori government is given the credit of inflation control and restoration of 

confidence in the business community. 

 

The Fujimori governing style has something in common with the neo- Confucian model of 

governance of the East Asian countries. 

The neo-Confucian model encourages economic boom, social discipline  and political 

silence. 

But, in many other aspects, the Peruvian power establishment is typically Latin-American 

(e.g. dramatic declarations, prominence of armed forces, urbo-centered politics...) 

Besides, it has the greatest of all Latin American political feature, the Caudillo, (personalist, 

paternalist and protagonist head of the state) in the persona of Mr. Alberto Fujimori, the actual 

President of the Republic of Perù. 

 

In this particular period, in the Lomas surrounding as elsewhere in Perù, the consumption of 

industrial products is increasing. 

The accumulation of solid urban wastes and the dumping problems are increasingly acute in 

the townships in the Lomas surrounding. 

The haphazard extraction (clay, sand, stones...), grazing and plants-cutting are speeding up 

as the demand for housing, food and fuel is increasing. 

The "predatory approach" to nature continues. 

 

Among the middle and upper classes, there is an increase in the demand of outdoor 

recreation. 

This phenomenon may give a boost to the demand of beaches, hills, parks, protected areas, 

natural sites etc. 

This is certainly one of the almost-rare positive elements in the modern consumistic culture. 

If properly handled, this phenomenon alone can open new business horizons and an 

improved system of natural resources management in Peru as well as in other countries. 

 

 

 

ANNEX II Sources and references 

 

Sources of information and help in the field-works : 

Prof. Percy Jimenez, (biologist, University of Arequipa) 

Prof. C. Talavera, (biologist, University of Arequipa) 

Prof. P. Villasante, (biologist, University of Arequipa) 

Prof. Ms. Pilar C. Troncoso, (geographer, University of Santiago, Chile) 

Ms.Carmen A. De Helm, (consultant, MPR International Consultants Gmbh, Germany) 

Mr. Fausto V. Roca Rey, (mining engineer, consultant, Lima) 

Mr. Carlo L. Munoz, (director, Centro de Estudios para el Desarrolo Regional,   

   CEDER, Arequipa) 
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Mr. Guillermo C. Asto, (system engineer, Caja Rural La Libertad, Istitucion Financiera 

Regional Privada, Lima) 

Koldo Bengoa, (international development and social work volunteer, Spain-Peru - Bolivia) 

Ms. Alicia Lerma, (professional nurse,  social worker, Arequipa - Juliaca) 

Dr. Enrique Huaman, (biologist, Experimental Station, Mejia Lomas) 

Ms. Milagros Jimenez, (biology student, Arequipa) 

Ms. Eliana N. Uelarde, (biology student, Arequipa) 

Mr. Mario Varagas Ponce, (engineer, Arequipa) 

Ms. Sandra Fernandez, (social worker, Arequipa - Mollendo) 

Mr. Nicasio P.Valeriano. (cattle-herder, Mejia Lomas) 

Mr. Ricardo palma, (trader, Molendo -Mejia) 

Mr. José Sarmiento, (businessman, Lima - Mollendo - Arequipa) 

Ms. Nidia Garcia, (travel agent and tour operator, Arequipa) 

Ms. Leny Cary, (travel agent and tour operator, Arequipa) 

Mr. Francis Cauchan, (coordinator of Canadian Centre for the International Cooperation 

CECI, Arequipa project office) 

Mr. Javier Salmon, (businessman, Perù - USA) 

Mr. Jorge E. Tejeda, (administrator of Servicon S.A., Piura - Lima - Tacna) 

Mr. Mauricio de Romana (agronomist-engineer and businesman, president of PRODENA, 

 A requipa - Mejia) 

Ms. Sandra Carbajal (administrator, International Alpaca Association) 

Mr. Carlos Valencia (biologist, environmental researcher, PRODENA, Arequipa) 

Mr. Patrick Benavide (painter, landscape consultant, PRODENA, Mejia - Arequipa) 

Ms. Eliana Linares  (biologist, environmental researcher, PRODENA, Arequipa) 

The Mayor (el Alcalde) of Cocachacra 

Shopkeepers of Mollendo, Mejia, Cocachacra 

Transport service workers of Mollendo-Cocachacra route 

 

  

 

References: 

 

Activity Reports of the Research Units of Arequipa (Perù), Florence (Italy), Padua (Italy), 

Santiago (Chile) and Toulouse (France)  

  Centro de Investigaciones de Zonas Aridas (CIZA), ZONAS ARIDAS, (scientific bulletin), 

Universidad Nacional Agraria, La Molina, Lima, No. 1 (1982) & No. 6 (1989-1990) 

Benavides, Vàasquez-Caicedo & Casafranca, La pequena agroindustria en el                     Perù 

: situacion actual y perspectivas, REDAR/ITDG, Lima, 1996 

Càceda, F. et al (eds.), Desarrollo Rural Andino, UNA, Puno, 1993, Vol. 2, No. 1 

Grillo, Quiso, Rengifo & Valladolid, Crianza Andina de la Chacra, PRATEC, Lima, 1994 

Miranda, J.J.G., Racionalidad de la cosmovision andina, Consejo Nacional de Ciencia y 

Tecnologia, Lima, 1996 

Wilson, J (ed.), South and Central America, NTC Publishing Group, Licolnwood (Chicago), 

1995 

Rostworoski de Diaz Canseco, M., Recursos naturales renovables y pesca, siglos XVI y XVII, 

Instituto de Estudios Peruanos, Lima, 1981 

 

 

Many other print and audio-visual items were consulted during the fieldworks and later in 

Arequipa: 
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National, regional and local print media 

Video documentary on the Mejia Laguna and Lomas (courtesy: PRODENA, Arequipa) 

Video documentaries on Andes pastures (courtesy : PRODENA, Arequipa) 

Graduate dissertations on Lomas (courtesy: Department of Ecology, Faculty of Biology, 

Universidad Nacional San Augustin, Arequipa) 

Miscellaneous reports, articles, interviews etc. on Peruvian society, economy and 

environment 
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Fog Water Collection Evaluation in the coast of Arequipa 

PUBLICATIONS, CONFERENCES, WORKSHOPS AND ANNUAL REPORTS 

 

 

 

1. JOURNALS 

 

“Diferencias y similitudes de la niebla de Iquique (Chile) y Mejía (Perú)” 

Cereceda P., Schemenauer R.S., Osses P. Larrain H. Y P. Lázaro 

Revista Norte Grande 

Vol # 25 

1998 

 

“La niebla: recurso para el desarrollo sustentable de zonas con déficit 

hidrológico” 

P. Cereceda and R.S. Schemenauer 

En Clima y Agua: la gestión de un recurso climático 

La Laguna, Canarias, España 

1996 

 

“Fog Collection” 

Schemenauer R.S. and P. Cereceda 

In TIEMPO  IIED, London, UK26,17-21 

1997 

 

“Agua en el Aire” 

Cereceda P. and  R.S. Schemenauer 

In Revista Universitaria (P.Universidad Católica de Chile) Vol 56: 45-49 

1997 

 

 Note:  the last two papers are for general public, they were done during the 

project and include the last conclusions of Mejía, Peru. 

 

2. CONFERENCES AND WORKSHOPS 

 

“Evaluation of the potential of the fog for water collection in the coastal area of 

Arequipa, Perú” 

Pablo Osses McIntire 

Workshop “Evaluation of fog as a water resource” 

September 30 – October 4, 1996 

 

“La niebla, agua para regeneración de ecosistemas desérticos” 

Cereceda P., Schemenauer  R.S., Osses P. and L. Villegas  

Seminario Internacional Forestación y Silvicultura en zonas Aridas y 

Semiáridas 

INFOR, Instituto Forestal, Chile 

October 21-25, 1996 

“Evaluation of the use of fog water for regeneration of arid ecosystems” 

Cereceda P., Schemenauer R.S., Osses P. and L. Villegas 
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First International Conference on Fog and Fog Water Collection 

July 21-25, 1998 

Vancouver, Canada 

 

“Fog water collection at El Tofo and other coastal sites in South America and 

Arabia” 

Cereceda P., and  R.S. Schemenauer 

First International Conference on Fog and Fog Water Collection 

July 21-25, 1998 

Vancouver, Canada 

 

“Bases metodológicas para la selección de sitios de niebla para 

experimentación forestal en Mejía, Perú” 

Villegas L., Cereceda P., Osses P. and R.S. Schemenauer 

Congreso Latinoamericano de Ecología 

October 1998 

Arequipa, Perú 

 

3. REPORTS 

 

First Annual Report 

Year 1995 

Cereceda P., Schemenauer R.S. and P. Osses 

November 1995 

 

Second Annual Report 

Year 1996 

Cereceda P., Schemenauer R.S. and L. Villegas 

November 1996 

 

Third Annual Report 

Year 1997 

Cereceda P., Schemenauer R.S. and L. Villegas 

January 1998 
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REPORT 

 

 

INTRODUCTION 

 

 The researchers of the Pontifical Catholic University of Chile worked for four 

years in this project.   There was an active interaction between the other participant 

universities, mainly with Universidad de San Agustín.  In adition, the activities were planned 

also with Padova and Firenze. 

 

 All the objectives  given in the project proposal were accomplished during the 

four years of activities.  A series of  articles were published in journals and annals of 

conferences and the researchers attended to four conferences and workshops.  The main core 

of the project was done in the first year and in the next period the activity was limited to data 

collection on Standard Fog Collectors (SFC) and annalysis of the information. 

 

 The main purpose of the research was to provide information on the presence 

of fog and its potential to produce water for irrigation of the plantation located in the coast of 

the province of Arequipa in the area of Mejía, specially in Cerro Cuchillas.  These was 

accomplished after the first year of activities, and the system has been working since then 

regularly. 

 

1. Objectives  
 

The general objective was to evaluate the potential of the fog as a resource of 

water and to give the background to locate  a fog water collection system. 

 

To accomplish this objective, the following several specific objectives were 

followed: 

 

a) to understand the behaviour of fog in the area of Mejía, 

b) to measure the collection of fog water in different areas of Mejía 

c) to understandthe relationship between wind direction and wind 

speed with fog water collection 

d) to understand the behaviour of  rain, drizzle and fog 

 

2. Methodology     

 

A methodology was designed in order to understand the behaviour of fog 

according geographical parameters, based mainly in geomorphology and some 

meteorological parameters such as wind.  

 

A methodology was designed to locate the site for the installation of 20 large 

fog collectors.  These were based on geographical factors, specially in the 

requirements of the plantation, such as soils and relief.  (See First Annual Report) 

 



 89 

For the next three years, only measurements of fog water collection was 

planned. 

(See Second Annual Report and Third Annual Report) 

 

The main instrumentation was based on the Standard Fog Collector (SFC) and 

data collected automatically during the first year with Dachris Data Loggers. (See First 

Annual Report). 

 

During the first year, Geographer Pablo Osses stayed in the field for six months 

making measurements in a daily basis in different locations of the study area, and 

visual observations.  In the following years, some data collection on Cerro Cuchillas 

was continued by the staff of Universidad de San Agustín. 

 

The methodology is explained in the following papers included in this Final 

Report: 

 

“Bases metodológicas para la selección de sitios de niebla para 

experimentación forestal en Mejía, Perú” 

Villegas L., Cereceda P., Osses P. and R.S. Schemenauer 

Congreso Latinoamericano de Ecología 

October 1998 

Arequipa, Perú 

 

 “Evaluation of the potential of the fog for water collection in the coastal area 

of Arequipa, Perú” 

Pablo Osses McIntire 

Workshop “Evaluation of fog as a water resource” 

September 30 – October 4, 1996 

 

 

 

3. Conclusions 

 

After four years of project, several conclusions were made, based on data 

obtained in the field, on geographical observations and in the relationship with other 

areas were the team of the Catholic University has worked or is working at the present 

moment.  These conclusions have been published in journal papers and given in 

scientific conferences.  Data has been added in the papers, so at this moment, only the 

last year has not been given to the scientific community.  A new paper is being 

prepared to give a summary of the activities and goals achieved.  

 

The main conclusions are: 

 

a) Fog behaviour:   

 

The fog present in the area is advective.   It is generated several hundred 

kilometers to the west of Mejía, in the sea.   Several factors such as the Anticiclón del 

Pacífico, the trade winds, the sea temperature and the Humboldt Current, are relevant 

to the formation of the stratocumulus clouds.   The relief plays an important role for 

the formation of orographic fog.  Both types of fog are present in the study area. 
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Fog behaviour is determined by the inversion layer that fluctuates between 500 

and 1.200 m.a.s.l.  This was observed by the data collected with SFCs at different 

altitudes in the Mejía area.  The lower areas had less number of days with fog, and less 

liquid water content, while the upper areas, near 900 m.a.s.l. showed the best potential 

for fog water collection. 

 

Wind is another parameter that highly influences the behaviour of fog.  Places 

with high winds and oriented to the South were the best places for fog water 

collection.  This is due to the fact that high wind speed means more air mass moving 

through the interception surface, hence more droplets can be gathered.  Winds from 

the South are the prevailing winds in the area and come directly from the sea, the 

source of humidity.  (See First Annual Report). 

 

The results of this survey are in the following publications: 

 

“Diferencias y similitudes de la niebla de Iquique (Chile) y Mejía (Perú)” 

Cereceda P., Schemenauer R.S., Osses P. Larrain H. Y P. Lázaro 

Revista Norte Grande 

Vol # 25 

1998 

 

 “La niebla: recurso para el desarrollo sustentable de zonas con déficit 

hidrológico” 

 P. Cereceda and R.S. Schemenauer 

 En Clima y Agua: la gestión de un recurso climático 

 La Laguna, Canarias, España 

 1996 

 

 

b) Site selection for large fog collectors 

 

More than 10 locations were studied during the first year, these locations were 

chosen according to the following  parameters:  altitude, distance to the sea, slope 

orientation and form of the relief.  The data on fog water collected was measured 

daily.  Temperature, wind speed and wind direction also were measured in each site.  

After six months of data, the area of Cerro Cuchillas showed the best yield.  From 

June 1995 to June 1996, the yield was 5.6 L/m2/day. 

 

Twenty fog collectors were located in the ridgeline of  Cerro Cuchillas (850 

m).  The plantation was located below this area in a terrain that had adequate relief and 

soils for the forestry experiment  (750 and 700 m).  In this area the water collection 

from fog was of 2.4 and 1.7 L/m2/day.  

 

The best place for the plantation would have been the area where the collectors 

were located, but the soils did not have all the requirements established in the 

proposal.   

 

The results of this survey are in First Annual Report and Second Annual 

Report. 
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Also in: 

 

 “La niebla, agua para regeneración de ecosistemas desérticos” 

Cereceda P., Schemenauer  R.S., Osses P. and L. Villegas  

Seminario Internacional Forestación y Silvicultura en zonas Aridas y 

Semiáridas 

INFOR, Instituto Forestal, Chile 

October 21-25, 1996 

 

“Fog water collection at El Tofo and other coastal sites in South America and 

Arabia” 

Cereceda P., and  R.S. Schemenauer 

First International Conference on Fog and Fog Water Collection 

July 21-25, 1998 

Vancouver, Canada 

 

 

 

c) Annual yield and seasonal variation 

 

The area of Mejía has shown in the three and a half years of survey a very good 

potential for fog water collection.  Fog is definitely a water resource that can be used 

for domestic, agriculture/forestry  and ecological purposes. 

 

The variation of the presence of fog from year to year has to be taken in 

account.  In projects that use the large fog collectors system,  the minimum annual rate 

observed should be used, so that in “dry years” no shortages of water will be expected.  

In this project, the yield of 5.8 L/m2/day was used to plan the system, but several 

activities can be planned for the “humid years” so that the water is used rationally. 

 

The average of the area in the high ridgeline is almost 9 L/m2/day, where the 

large fog collectors were installed, and in the area of the plantation is between 2.5 and 

3.5 L/m2/day.  This is considered a good yield for plants to use the fog water once 

they are sufficiently grown up to collect their own resource. 

 

 

Year/ 

L/m2/da

y 

Cuchillas 3 Prueba 1 Prueba 2 

1996        5.8      1.56     1.18 

1997      11.76      5.70     3.77 

1998        9.32      3.64     2.22 

Average       8.96      3.63     2.39 

 

 El Niño Year (ENOS) 

 

 The climate of Perú is highly affected by the presence of the El Niño and La 

Niña phenomenon.  Year 1997 was considered El Niño and 1998, La Niña.  In the case of the 
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presence of fog in the area, it can be seen that there are no significant differences in the yearly 

average, both were very high.  But, if the are compared to 1996, dry periods for the western 

coast of the Southern part of South America, there are significant differences,  almost half of  

fog water was produced.  

 

 It may be possible that the El Niño extended its influence to the months of 

January and February of 1998, this was also seen in a Chilean project some 500 km South, in 

Iquique, where the high yields were mantained.  This period that corresponds to summer in 

Peru are known as period free of fog, since its general behaviour is to show only 7 to 8 

months of fog and the rest as clear skies.   What is difficult to explain are the high average 

shown in the months of July and August, maybe due to the presence of rain in the area. 

 

 In the arid climate of Peru, El Niño must be considered as a regular 

phenomenon, so it should be taken in account when calculating the annual average of an area.  

Years 1982-1983, 1987-1988, 1991-1992 where El Niño years, so in considering statiscally 

the yields they will tend to rise the average, which is correct, but in the use of the  resource is 

a main issue. 

 

 The seasonal variation is very important to consider in the moment of 

designing fog water collection projects.  In the case of the study area, it is difficult to 

determine due to the above explanation, but it should be expected that fog will begin to be 

frequent from July to November, having a diminishing trend in the summer and fall seasons. 

 

 The temporal and spatial variation is discussed in the following papers: 

 

 

 “Evaluation of the use of  fog water for regeneration of arid ecosystems” 

 Cereceda P., Schemenauer R.S., Osses P. and L. Villegas 

First International Conference on Fog and Fog Water Collection 

 July 21-25, 1998 

 Vancouver, Canada 

 

 “Fog water collection at el tofo and other coastal sites in South America and 

Arabia 

 Cereceda P., and  R.S. Schemenauer  

 First International Conference on fog and Fog Water Collection 

 July 21-25, 1998 

 Vancouver, Canada 

 

“Bases metodológicas para la selección de sitios de niebla para 

experimentación forestal en Mejía, Perú” 

 Villegas L., Cereceda P. Osses P. and R.S. Schemenauer 

Congreso Latinoamericano de Ecología 

October, 1998 

 

d) Fog water production  
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In 1996, twenty large fog collectors were constructed, each of them with a 

surface collection (Raschel mesh) of 48 m2, that means that in total there were 960 m2 

of collecting surface.  

 

With a yield of 8.96 L/m2/day the total production of water was in the period 

of 8,600 L per day, or 3.140 m3 in the year.  The year with the lowest average (1996), 

the total collection was 2,032 m3, and in the highest, 4,120 m3 (1997).  

 

The requirements for the plantation were determined as 700 m3 per year.  It 

can be seen in the figures shown above that the goal was accomplished and that there 

is a considerable amount of water that can be used in other forms as agriculture or 

domestic purposes. 

 

 

e) First International Conference on Fog and Fog Collection 

 

One of the most important activities done during the project was the 

organization of the First International Conference on Fog and Fog Collection that took 

place in Vancouver in July 1998.  This conference was prepared by Dr. Robert S. 

Schemenauer, member of our team, since 1995. Pilar Cereceda was a member of the 

Scientific Community in reperesentation of South America.  

 

 Eight students that worked in the European Union project attended the 

conference and helped in the organisation and presentation of papers during the 

sessions.  Pablo Osses that worked in 1995 in the project, built a large fog collector in 

the hotel for the participants to learn about the system. 

 

 More than 150 researchers of all over the world attended the conference and 

more than 200 papers were submitted.  A special session was given for the European 

Project members, who presented their results and had meetings to plan the follow up 

of the project. 
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Natural Vegetation Ecology of the Lomas 

 

 

1 - Collaborations 

 

This study will be realised in collaboration with the Botanists and Ecologists of the 

National University of San Agustin in Arequipa, specially with Profs. Francisco Villasante 

Benavides , Percy Jimenez. 

 

 

2 Results obtained in 1995 to 1998 

 

2.1. Cartography 

 

We carried out a base map for the ecological vegetation map. It was extracted from the 

three sheets on 1 / 100 000 : La Joya, Punta de Bonbon  and Mollendo. 

The vegetation map has been achieved after SPOT satellite imagery (Type : XS ; KJ : 

661 / 384; LEVEL : 1B ; 21 July 1995)and aerial photographs. 

The aerial photographs interpretation allowed us to map the vegetation of the studied 

lomas region in a more accurate manner. This map was checked by Peruvian colleagues and 

completed by fieldwork in 1997.  

Vegetation mapping in 1997-98 (Map joined in Annexe). 

Corrections on the vegetation map on 1/100 000, after our field trip prospection 

(september 1997) and after our Peruvian colleagues suggestions. 

Transfer of all our data on a new GIS (MAP INFO) : base map, geological data, soils, 

vegetation, location of the field releves. So, vegetation mapping is being improved. A first 

attempt is done to process the data in order to get out new sites for fog collectors. 

A second SPOT imagery of the same area has been programmed, and acquired by 

SPOT-Image Company on the 5th September 1997. It was delivered to our laboratory on the 

4th December 1997. Due to El Nino phenomenon, this imagery, wonderfully nearly free of 

clouds, shows a larger vegetation extent than in July 1995. 

Moreover, a new image processing software (IDRISI) is being acquired in order to 

process the SPOT data. 

The available data have been used for preparing a paper to be presented at the 1st 

International Conference on Fog and Fog Collection (Vancouver, July 1998). See Annex 1, 

enclosed copy of the abstract accepted for publication. 

 

2.2. Vegetation types 

 

The variation in the plant cover of each layer among the samples was analysed by 

statistical methods. So, we obtained various vegetation types depending on their structure. 

There are: 

 

Sandy desert with two modalities : 

 *1* Sandy desert without plant 

 *2* Sandy desert with cacti in small cushions  

Rocky desert with four modalities: 
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 *3* Rocky desert without plant 

 *4* Rocky desert with Neoraimundia arequipensis 

 *5* Rocky desert with tree-cactus 

 *6* Rocky desert with suffrutescent plants 

Herbaceous lomaswith three modalities: 

 *7* Herbaceous lomas 

 *8* Herbaceous  

lomas with suffrutescent plants 

 *9* Herbaceous lomas with scattered trees 

Shrubby lomaswith two modalities : 

 *10* Shrubby lomas 

 *11* Shrubby lomas with scattered trees 

Tree-lomas with few dominant species . (This type exists in the lomas but  is not 

cartographied in the area.) 

 

During a field trip in September 1997, H. Puig and M.F. Bellan, with the help of 

researchers and technicians of the University San Agustin, have inventoried 53 eco-floristic 

releves. 

These releves have been processed on the floristic as well as on the statistical point of 

view, with the aim of supplementing the structural analysis of the lomas plant formations, in 

the domains approached during the previous field trips 

. 

The releves were done in the following vegetation types, for which are given the 

number of releves in the plant formation (a) ; the mean number of species in the plant 

formation (b) ; the maximum and minimum numbers of species in the releves (c) : 

 *2* Sandy desert with cacti in small cushion a= 1; b = 4; c = 4 

 *4* Rocky desert with Neoraimundia arequipensis: a = 4; b = 8,25; c =7 et 10 

 *7* Herbaceous lomas: a = 11; b = 9,5; 13 et 5 

 *8* Herbaceous lomas with suffrutescent plants: a = 13; b = 12,5; c = 18 et 7 

 *9* Herbaceous lomas with scattered trees: a = 4; b = 12,75; c =  17 et 9 

 *10* Shrubby lomas:a = 8; b = 17,9; c = 22 et 13. 

 *11* Shrubby lomas with scattered trees: a = 2; b = 13; c 1= 14.et 12 

 * 12* Tree-lomas with few dominant species: a = 6; b = 21,6; c =  31 et 16 

 

In all the releves  together, 130 species were inventoried. 

In the 6 protected plots, a noteworthy influence of this protection could not be 

registered this year.Two hypothesis can be proposed to explain this : 

- on the one hand, the areas close to the protected plots are not likely to have been 

grazed, so there is few difference between protected plots and opened ones ; 

- on the other hand, the Niño effect caused numerous germinations, in opened as well 

as in protected plots.  

 

 

2.3. Vegetation structure 

Species  richness- the mean specific richness is 11 species- 22 releves (44 %) have 10 

to 14 registered species (i.e. 9.3 to 13.1 %). 

- All of the 50 releves are poor in species: 2 of them have more than 20 species (18.7 

% of the 107 species) 6 releves (12.0 %) have less than 5 species(< 4.7 of the total number of 

species ). 

We can explain this, on the one hand, by ecological criteria: climate aridity, quality 
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and sterility of soils, and on the other hand, by technical criteria: each releve area is only 100 

m2. Under  such a climate and with such surfaces it is not required to expect more species. 

Species frequency 

Only 4 species are present in more than 50 % releves. They are : Urocarpidium sp., 

Cotula sp., Phylla nodiflora and Eragrostis sp. Then, 53 species, i.e.more than one out of two 

species, are present in 1 or 2 releves. 

 

 

Relations between species richness and elevation 

 A positive and significative correlation exists between species richness and elevation 

(r=0.48; p<0.000)  

The main factor of this correlation may be the increasing importance of the fog with 

increasing elevation, from 300m to 1000 m. Nevertheless, some releves (6) located between 

800 and 1000 m have a low specific richness. When these releves are eliminated the 

correlation between species richness and elevation reaches 0.77 (p<0.000). 

Yet, the species poverty of these releves can be explained because all of them are 

located at northern exposition and on sandy soils. These two factors, emphasizing aridity, may 

almost partially explain this specific poverty. 

Species richness and percentage of bare soil  

Generally, the more the species richness is high, the more the percentage of bare soil is 

low. (Species richness = -0.165 ; % bare soil +19.15) 

Species richness and slope 

No significant effect of the slope on the species richness has been pointed out. (r=0.13; 

p=0.38). 

Species richness and exposure 

Various exposure classes are assembled: 

S (2) +SE (7)+ SW (8) + S-SW (4) = 21 South releves  

N (6) +NE (5) + N-NW (1) = 12 North releves  

The other exposures (17 releves) are not accepted. A significant difference exists 

between the mean species number in the sectors North and South.(t=5;86;<0;0000). 

The species richness conspicuously higher in the southern exposures is due to the fog 

which is the only water source for plants. The fog high frequency on the slopes exposed to the 

South can explain the greater richness of these slopes.  

 

 

Relation between exposure and % of  bare soil  

The mean  % of bare soil is 36.5 % (ESM  =4.30) on south exposure and 82.3 (SEM = 

2.6) on north exposure. These means are significantly different (t=8.0;P=0.000) 

 

2.4.Soil analysis 

About thirty (35) soil samples were collected in the field, in order to correlate, as far 

as possible, the plant formations distribution with soil types. 

The soil samples were collected as follows : 

*2* Sandy desert with cacti in small cushions : 2 samples collected 

*4* Rocky desert with Neoraimondia arequipensis  : 5 samples collected 

*7* Herbaceous lomas : 4 samples collected 

*8* Herbaceous lomas with suffrutescent plants : 6 samples collected 

*9* Herbaceous lomas with scattered trees : 6 samples collected 

*10* Shrubby lomas : 2 samples collected 

*11* Shrubby lomas with scattered trees : 4 samples collected 
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*12* Tree lomas with few dominant species : 4 samples collected 

These soil samples are being analyzed. For each sample are analyzed : 

 - organic matter 

 - C and N ; C/N 

 - P 

 - granulometry. 

- color after Munsell Chart. 

Soil types will be distinguished through correspondances factor analyses, depending 

on their content and relations with plant formations. 

 

3. Results obtained in 1999. 

 

Two kinds of work have been achieved in 1999.  

* Cartography.  After the 2 SPOT imageries (July, 1995 and September 1999) the 

effects of El Nino phenomenon (autumn and winter 1997) on vegetation have been analysed, 

following its consequences on plants cover and soils protection in the coastal lomas of 

Southern Peru. 

This study will be presented in a paper at the Meeting of the AUPELF-UREF: Remote 

sensing Network, in Lausanne (october 1999). 

* Floristic releves   50 releves realized by H. Puig in october 1998 are being processed 

during first half year 1999. 

A synthesis is being written on the flora of the lomas.  

 

 

4 Foreign Missions 

 

-  

Mission of Marie France BELLAN at the First International Conference on Fog and 

Fog Collection to Vancouver, Canada from 19 to 24 july 1998. 

- Field trip Mission of Henri PUIG to Peru from 8/10/98 to 26/10/98 

 

5. Publications 

 

One paper was submitted  : Desert et Richesse floristique: les lomas du Sud peruvien.  

A second paper was be published in the Acts of the First International Conference on 

Fog and Fog Collection, Vancouver, Canada.  Puig, H. Bellan, M-F. and Lacaze, D.  Desert 

Vegetation Mapping and Remote Sensing : Case of the Lomas Vegetation in the Southern 

Peru. 

 

6 Meetings 

 

- Participation of Marie France Bellan to the First International Conference on Fog and 

Fog Collection to Vancouver, Canada from 19 to 24 july 1998 

- Participation of Henri Puig at IV Congresso Latino-Americano dde Ecologia - 

Aequipa, Peru, 20-25 october 1998. 

 

7 Perspectives for 1999  

 

8.1 Cartography and Image processing 

The ecological vegetation Map of Mollendo - Mejia (see map enclosed) will be 
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published at 1/200.000 in the Proceedings of the 8th Scientific Meeting of the AUPELF-

UREF Remote Sensing Network (Lausanne, October, 1999).  

Additionally, in the papeer in preparation for this meeting, several vegetation indices 

are compared and discussed for their convenience in the case of this arid pseudo-steppic 

vegetation (especially NDVI and PVI).  

Moreover, the effects of El Nino phenomenon on the plant cover are analysed through 

the comparison of vegetated areas in July 1995 an September 1997. These areas are compared 

using color composite imageries, classified imageries and vegetation indices. 

By a methodological approach, this 3 kinds of image processing are evaluated.  

 

8.2. Lomas spontaneous vegetation Ecology 

* We do not come back on the methodology already described in the previous reports 

no on the necessary collaboration with some researchers of the National University of San 

Agustin in Arequipa. 

The releves done by H. Puig during a field trip in October 1998 will be processed in 

order to confirm the structure and dynamics of spontaneous vegetation.  

8.3  Field releves analysis, characterization of the vegetation types after El Nino 

phenomenon.   

8.4. Two papers are being written. They will be published in an international journal 

with an evaluating board First paper  Relations Plantes - sols dans les lomas c™tieres du 

Departement dÕArequipa (Peru). H. Puig, A. Fabre, M.-F. Bellan et D. Lacaze  

and a second paper  Les formes du phosphore dans le desert dÕ Atacama - 

Departement dÕ Arequipa, Peru. A. Fabre, H. Puig  M.-F. Bellan et D. Lacaze  

 

8.5. Meetings 

 The team will participate and submit  a paper to an international 

symposium..La teledetection en Francophonie: Analyse critique et perspectives: VIII Journees 

Scientifiques du Reseau Teledetection de lÕAUPELF-UREF. 11-14  octobre, Lausanne, 

Suisse.  

Titre de la communication:  Effet de El Nino sur une vegetation subdesertique 

dÕapres les images SPOT. Les lomas du sud du Perou. 

(Natural Vegetation Ecology of the Lomas). 

 


