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ABSTRACT 
Seaward of the town of Lajes on the south coast of Pico, Aqores, lies a 

boulder strewn coastal platform supporting a dense stand of Juncus acutus. The 
platform, formed by a lava flow, is naturally protected from the sea by a tall 
boulder rampart fringing its southeastern margin. Tides drive seawater around the 
southern terminus of the boulder rampart, flooding a low-lying portion of the 
southeastern component of the platform and creating a moderate expanse of marsh 
framed by Juncus acutus and, more marginally, by Juncus maritinzus. During 
the biggest storms, especially in winter, waves wash over the boulder rampart, 
flooding the Juncus marsh and higher portions of the coastal platform. A seawall 
along the eastern, landward, side of the platform protects the town from all but 
the most severe such events. The broad features of the ecology of the Lajes 
marsh are described. A shallow pond (maximum dimensions, 40 m X 35 m) lies 
near the centre of the marsh, protected from direct tidal inundation by the elevated 
rim of the platform and perched boulders. The pond experiences dampened tidal 
rises and falls by percolation of seawater through the boulder field. It is also 
influenced by rainwater, becoming diluted and stratified following rain. The pond 
contains a unique flora and fauna, which we describe. We record the 
pseudoscorpion Neobisiunl maritimum from the pond (and from the Aqores) for 
the first time. 

This paper provides a broad introduction to the Lajes marsh -- its geology, 
geomorphology, hydrography and ecology and makes a case for its conservation. 
It also identifies the area as of high educational and research potential and we 
advocate strict protection of it. In light of a recent plan to provide a new break- 
water to protect the town of Lajes from high seas, we urge its designers to keep 
in mind the ecological importance of the platform and marsh. We record from 
here, for example, such birds as the Grey heron, Ardea cinerea, Whimbrel 
Numenius phaeopus, Little-ringed plover Charadrius dubius and Turnstone 
Arenaria interpres and suggest that a ban on hunting would benefit the avifauna, 
making the area a significant site for bird-watching tourism and a supplement to 
the existing and growing Lajes whale watching industry. 

RESUMO 
Do lado do mar da Vila das Lajes, na costa sul do Pico, fica uma plataforma 

costeira semeada de calhau que sustenta uma densa mancha de Juncus acutus. A 



plataforma, formada por urna escoada Ibvica, estb naturalmente protegida do mar 
por urna elevada muralha de calhaus delimitando a sua margem sueste. As mares 
forqam a bgua do mar 2 volta da extremidade sul da muralha de calhau, inundando 
urna porqiio baixa do componente sueste da plataforma e criando urna extensiio 
moderada de juncal circundada por Juncus acutus e, mais marginalmente, por 
Juncus maritimus. Durante as tempestades mais fortes, especialmente durante o 
inverno, as ondas varrem a muralha de calhau, inundando o juncal de Juncus e as 
porq6es mais elevadas da plataforma costeira. Uma muralha ao longo do lado este 
da plataforma protege a vila de tais acontecimentos, except0 dos mais severos. 
Descrevem-se as caracteristicas gerais da ecologia do juncal das Lajes. Uma poqa 
baixa (dimens6es mbximas, 40 m X 35 m) estb situada perto do centro do sapal, 
protegida da inundaqiio directa das marts pelo bordo elevado da plataforma e da 
acumulaqiio de calhaus. A poqa spfre subidas e descidas de mar6 atenuadas por 
infiltraqiio atravts dos calhaus. E tambtm influenciada pela bgua das chuvas, 
ficando diluida e estratificada a seguir a urna chuvada. A poqa cont6m urna fauna e 
urna flora caracteristicas, aqui descritas. Regista-se da poqa (e dos Aqores, pela 
primeira vez) o pseudoescorpiiio Neobisium maritimum. 

Este artigo apresenta urna introduqiio geral ao juncal das Lajes - a sua geolo- 
gia, geomorfologia, hidrografia e ecologia, e constitui documentaqiio com vista B 
sua conservaqiio. Identifica tamb6m a firea como de grande potencial educacional e 
de investigaqiio, e advoga-se aqui a sua protec~iio estricta. Em vista de um plano 
recente para construir um novo quebra-mar para proteger a vila das tempestades, 
solicita-se aos projectistas que tenham em conta a importiincia ecol6gica da plata- 
forma e do juncal. Registam-se daqui, por exemplo, aves como a garqa real, 
Ardea cinerea, o maqarico, Numenius phaeopus, Charadrius dubius e o vira-pedras 
Arenaria interpres, e sugere-se que a interdiqiio da caqa beneficiaria em muito a 
avifauna, fazendo da 6rea um local importante para turismo de observaqiio de aves 
e um suplemento B florescente inddstria de observaqiio de baleias das Lajes. 

INTRODUCTION 

The island of Pico is one of five 
islands comprising the central group 
of the Aqores. Like its nearby com- 
panion SZo Jorge, Pico is elongate, 
its maximum length being 48 kilo- 
metres. It is distinguished from all 
other islands of the A~ore s  by the 
large stratovolcano, Pico do Pico, 
rising 2351 metres above sea level 
and dominating the western third of 
the island. Where the southern coast 
of the western third of Pico juts sea- 
ward to form the Baia das Lajes, a 
small coastal section faces almost due 

west. Here sits the town of Lajes 
with its small, protected, harbour and 
the rather dubious honour of being 
where the last Sperm whale har- 
pooned in Aqorean waters was 
landed in November 1987. Whaling 
began in the Aqores in 1876 at Calhe- 
ta de Nesquim, a small village on 
Pico. By 1897, thirteen companies 
operated 27 whaling canoes on Pico, 
most of them (16) from Lajes. The 
peak in whaling activity occurred 
during the Second World War but 
thereafter slipped gradually into de- 
cline. Today, whale watching sup- 
ports a new and growing tourist 



the people of Lajes to build upon 
their growing interest in conservation 
and to identify the town as a focus 
for marine protection and coastal 
conservation. 

GEOLOGICAL SETTING 

The island of Pico trends two 
directions - eastwest toward the 
east and northwest toward the west. 
The eastern portion is long, narrow, 
relatively low, marked by numerous 
adventive cones and covered by ba- 
saltic lava. The large stratovolcano, 
Pico do Pico, dominates the western 
side of the island with its extensive 
basaltic lava flows and pyroclastics. 
Adventive cones and fissures west of 
the crest of Pico are aligned north- 
west in a continuation of a trend 
apparent on Faial. Four historical 
eruptions have been recorded on Pico 
since 1562, the last occurring in 
1963 (Weston, 1964). Machado & 
Forjaz (1965) postulate that two 
interconnected magma chambers lie 5 
kilometres beneath the island, one 
near its centre and the second under 
the'northwestern flank. 

The town of Lajes lies along the 
southern coast of Pico about one- 
third of the island's length from the 
eastern end. Although much of the 
southern side of Pico faces approxi- 
mately south, Lajes is so positioned 
beside a shallow embayment that 
most of the waterfront and its 
fringing coastal platform faces to the 
west (Figs. 1, 2A). As we have been 
unable to locate any recent published 
studies, only a few general observa- 
tions on the geology of the Lajes 

region are possible. Lava flows from 
the hills to the east produced the bed- 
rock of the Lajes platform. Although 
the original flow may have formed an 
elevated bedrock buttress near its 
seaward margin as molten lava was 
cooled and banked up by the sea, as 
is evident at other coastal localities on 
Pico, this platform has undergone 
considerable subsequent weathering 
and erosion. This is especially ap- 
parent along its northwestern margin, 
where it now slopes gently to the sea 
and elongate, subtidal, channels sep- 
arate several fingers of eroded bed- 
rock. Local erosion of nearby tallus- 
strewn slopes likely contributed the 
numerous, angular, boulders now 
resting upon the central platform. In 
contrast, the well rounded boulders 
of the seaward rampart clearly expe- 
rienced considerable marine erosion 
before being washed to their present 
positions by storms. 

GEOMORPHOLOGY 

The area of interest at Lajes is that 
portion of the waterfront lying im- 
mediately seaward of a concrete 
seawall extending from the town's 
harbour for more than a kilometre to 
the south where it terminates beside a 
small, shallow, embayment. The 
area contains a variety of habitats 
(Figs. 1, 2A-D) including a broad 
region of disturbed ground near the 
seawall, a large basaltic bedrock 
platform produ-ced originally by a 
lava flow, a boulder rampart covering 
the platform along its southern and 
southwestern flanks, large intertidal 
pools created by coastal erosion of 
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industry in the Agores, much of it 
based around Lajes (Morton, 1995). 
The significance of this is that Lajes 
has passed from an era of exploita- 
tion into the age of conservation. In 
line with this trend, Santos et al. 
(1994) identify the shore and marine 
environment in the vicinity of Lajes 
as being worthy of conservation. 
Specifically, they recognize the coast 
from the'western side of Baia das 
Lajes eastward to Ponta da Queimada 
as an area of numerous flat, low, 
littoral platforms uncommon on most 
A~orean.  shores. They especially 
urge that the coastal platform at Lajes 
receive immediate protection as a Na- 
ture Preserve, not only to provide 
protection for its unique habitats, 
flora and fauna (albeit mostly un- 
described), but also to reverse some 
aspects of human abuse apparent on 
some parts of the platform. Finally 
they cite Baia das Lajes as an 
important nursery area for the fishes 
Pagrus pagrus (Patzner, 1990) and 
Epinephelus marginatus (Azevedo, 
1992). 

There is a general paucity of 
scientific literature pertinent to coastal 
conservation in the Agores. Much of 
what has been written is contained in 
official and unofficial reports which 
are not readily available for wider 
consultation and which often do not 
set out a firm scientific basis for the 
designation of such areas. For 
example, the Santos et al. (1994) 
report describes a number of Agorean 
coastal areas that have been and 
should be designated as protected 
areas. Existing protected coastal 
areas include, for example, the islets 

Baixa do Redondo and Ponta do 
Feliciano, off Graciosa, specifically 
identified as bird sanctuaries. The 
lagoon of Fajii do Santo Cristo on the 
north coast of Siio Jorge was 
protected, first, as a Partial Nature 
Reserve (Decreto Legislativo Re- 
gional No 4/84/A, 1984) and, later, as 
a Special Ecological Area (Decreto 
Legislativo Regional No 6/89/A, 
1989). Morton & Tristiio da Cunha 
(1993) argue a conservation case for 
Fajii do Santo Cristo. The European 
Community CORINE (Coordination, 
Information, Environmental) Pro- 
gramme identified several eco- 
logically significant biotopes on the 
north shore of S50 Jorge, including 
FajZ do Santo Cristo and the nearby 
lagoon of Fajii dos Cubres. Santos 
et al. (1994) also identify both fajiis' 
as being of conservation interest, but 
without further explanation. Morton 
et al. (1995), however, describe the 
Fajii dos Cubres and set out argu- 
ments for its conservation. The faj5 
is of particular interest in that it en- 
compasses a lagoon, as at Santo 
Cristo, that is fringed by Juncus 
acutus and contains the seagrass 
Ruppia martima, probably unique to 
this location in the Azores. 

The authors first visited Lajes do 
Pico in the summer of 1994 and, 
again, in the summer of 1995. 
During these visits it became appar- 
ent that the marsh at Lajes, as this 
paper will describe, has great geo- 
morphological and ecological impor- 
tance. This paper will, therefore, 
describe the marsh in broad terms 
and set out conservation arguments 
and recommendations that will enable 
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the western margins of the basalt 
platform, tidally inundated and 
Juncus-fringed marsh-lands and, 
centrally, a tidally influenced pond, 
Poga do Ciio, lacking any direct 
connection to the sea. Because of the 
variety of habitats present in this 
relatively small area we shall refer to 
the entire region as the Lajes 
Platform Complex or, more simply, 
the Lajes Complex, but will confine 
our discussion largely to the marsh 
and pond areas of the central 
platform. A few additional general 
remarks may be helpful in under- 
standing the Lajes Complex. 

During the summer months, espe- 
cially July and August, when anticy- 
clonic high pressure cells dominate 
the A~orean climate, the seas along 
the Lajes waterfront are rarely more 
than gentle swells. During winter 
storms, however, the sea can become 
a raging maelstrom. Waves have 
been photographed breaking over 
Castelete, a 64 m high rock south of 
the bay (Fig. 3). The Lajes Com- 
plex and the seawall which defines 
its landward margin thus form a 
buffer zone protecting the town of 
Lajes from high seas. Indeed, 
several Lajes residents have told us 
of instances within the last 20 years 
when waves have broken over the 
seawall making streets awagh in 
seawater (see photographs in Avila, 
1987). The latest episode occurred 
during early November 1995, when 
the dying stages of Hurricane Tanya, 
reduced to an extratropical storm, 
brushed Pico with winds gusting to 
60 knots. Waves washed over the 
seawall, flooding low-lying parts of 

the town (Fig. 4). The Lajes Com- 
plex thus has a practical significance. 
It defends the town from all but the 
highest seas. In light of the latest 
flooding, however, there are now 
plans to enlarge the protective wall as 
an additional defense against storm 
situations. 

Several years may pass without a 
major storm flooding the Lajes Com- 
plex. During this time, parts of it, 
especially the disturbed areas nearest 
the seawall, take on a more terrestrial 
character. Old field plants such as 
Canadian fleabane Conyza canaden- 
sis, Parsley Petroselinum crispum, 
and Fennel Foeniculum vulgare can 
thrive here. One good winter blow 
can, however, destroy this commu- 
nity. The same storms which de- 
stroy can also serve to mould and 
cleanse the system, rearranging 
boulders on the rampart, removing 
vegetation from the platform and 
disturbed areas and providing for the 
renewal of what is clearly a highly 
dynamic coastal environment. 

The highest elevation of the Lajes 
Complex occurs on the crest of the 
boulder rampart. As previously sug- 
gested, the height of the rampart 
varies from year to year, depending 
upon the intensity of winter storms 
and their ability to either add or re- 
move boulders from it. Local resi- 
dents have told us that a few years 
ago the rampart crested several me- 
tres higher than its present approxi- 
mately 5 metre height. The next 
highest elevation of the Lajes Com- 
plex is the broad, irregularly sur- 
faced, bedrock platform, landward of 
the boulder rampart rising in some 



00 FIG. 1. A map of Lajes, Pico, and the seaward Juncus marsh. In the absence of an official map, the village of Lajes is 
00 
3 illustrated diagrammatically; other features were derived from the author's photographs. 
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FIG. 3. Waves breaking over the Castelete, in 1963 (Photo: property of Ermelindo ~ v i l a ) .  

1-1G. 4. Wavcs break~ng o\er the seawall at the south end ol the bay, d u r ~ n g  Hurricane 
Tanya, 1995 (Photo: S6rgio ~ v i l a )  
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places perhaps as much as two me- 
tres above mean sea level. That it 
rises above the floor of a southeast- 
ern, tidally inundated, marsh and the 
central pond, Poga do Cgo, is signif- 
icant, for all parts of the platform 
which slope towards either of these 
features will also deliver into them 
considerable quantities of freshwater 
during and following every period of 
rain. 

HYDROGRAPHY 

In 1995, two visits were made to 
the Lajes Complex on the 20 and 21 
August. On both occasions, the 
salinities of its aquatic components 
were measured using a hand held re- 
fractometer. Values recorded in 
Table 1 are the averages of at least 
three readings. It had rained in the 
night of the 19-20 August so that our 
visit at a high tide, 10:25 hours, on 
the 20 August 1995, coincided with 
the time one should expect minimum 
salinity values. Water-filled depres- 
sions on higher platform rocks had a 
salinity of O%O while seaward inter- 
tidal pools, at the other elevation ex- 
treme, had a salinity of 33%0. The 
surface salinity of P o ~ a  do Ciio was 
14%0 and near the bottom, at 1 m 
depth, it was 17%0. Sandy depres- 

sions seaward of Poga do Ciio con- 
tained water with a salinity of 15%0 
while that of the water in the tidal 
marsh was also 15%0. 

P o p  do C50 is tidally influenced, 
as was evident on 21 August. Arriv- 
ing almost one hour before high tide, 
which occurred at 11:30 hours, one 
could observe the water level in the 
pond rising slowly. We estimate that 
the total rise and fall of the pond 
water is no more than 20 to 30 mm, 
although this should be verified. It 
did not rain on the 20 August and 
salinity values reflect this. High rock 
depressions were still O%O, but the 
seaward intertidal pool had a salinity 
of 36%0. The salinity of P o ~ a  do 
Ciio was 20%0 at the surface and 
25%0 at lm depth. Sandy, water- 
filled, depressions seaward of Poga 
do Ciio had an average salinity of 
21%0 while that of the water in the 
marsh was 27.5%0. 

A number of facts can be derived 
from these data. First, the marsh, 
P o ~ a  do C50 and the sandy depres- 
sions are influenced by both rain 
(and probably land drainage) and the 
rising tide. In the latter case, as the 
tide rises, it inundates intertidal pools 
and percolates into sandy depres- 
sions and P o ~ a  do C5o. It also 

TABLE 1. Salinity (%o) records from the Lajes Complex, 20 and 21 August 1995. 

High rock Pog a Sandy Seaward Tidal 
depressions do CHo depressions pool marsh 

20 August (after rain 0 Surface: 14 15 3 3 15 
and at high tide) 1 m depth: 17 

2 1 August (no rain 0 Surface: 20 21 36 27.5 



sweeps into the tidal marsh via a 
channel to the south and inundates 
that too. After rain, however, as on 
20 August, salinities are generally 
lowered everywhere with the extent 
of the decrease dependant on the du- 
ration and intensity of the rainfall. 

Second, the water in Poqa do C%o 
is stratified, at least during the rela- 
tively calm days of mid-summer, so 
that rainwater sits on the surface of 
the pond, lowering salinity. Sea- 
water percolates into the pond from 
below. Being more saline and thus 
of greater density than freshwater, it 
remains on the bottom of the pond, 
especially when calm summer days 
foster little mixing. The salinity of 
the sandy depressions seaward of 
Poqa do Ciio were always interme- 
diate between those at the surface and 
bottom of the pond, reflecting their 
smaller volumes and more seaward 
positions. 

Third, it is clear from just the two 
days of evidence that the aquatic 
habitat of the Lajes Complex is high- 
ly dynamic. Storm waves will raise 
salinities overall, whereas heavy rain 
will lower them considerably. 
Strong winds will break up the strati- 
fication of P o ~ a  do Ciio; calm, rainy, 
days will increase the surfacehottom 
differential. 

ECOLOGY 

Juncus Marsh 
The boulder rampart perched upon 

the seaward edge of the bedrock plat- 
form of the Lajes Complex protects 
and stabilizes the land behind it to 
create a marshy area dominated by 

dense stands of tall Juncus acutus 
(Fig. 2B). This rush takes root in 
the thin soil which accumulates 
around and between large stones and 
boulders. The small permanent pond, 
P o ~ a  do Ciio, that we shall describe 
in more detail later, occupies the 
centre of the marsh. To understand 
its ecology, however, we first have 
to consider another area that grades 
from Juncus to a shallow depression 
covered with rocks and boulders and 
occupies a position immediately 
northeast of the boulder rampart. 
The incursing tide sweeps around the 
southeastern edge of the boulders and 
flows into a shallow channel (Fig. 
1). The water then spreads out to 
flood a shallow, bowl-shaped, de- 
pression. Above the level of the tide, 
the area of land around the channel 
comprises rocks set in a leaf humus. 
Such rocks are covered with lichens, 
including Lecanora sp., Ramalina sp., 
Licina confinis and, most noticeably, 
the orange Caloplaca marina. Sever- 
al flowering plants take root in the 
narrow crevices which criss-cross the 
rocks, including the succulents, Crith- 
murn maritimum and Portulaca ole- 
racea. Unlike the erect Crithmum, 
Portulaca is a creeper, spreading its 
prostrate branches out in several 
directions from its rooted focus. An- 
other succulent, the A~orean endemic 
Spergularia azorica, shares the high- 
est rocks beside the tidal channel 
with other plants such as the Scarlet 
pimpernel, Anagallis awensis. The 
white-petaled flowers with a yellow 
centre often seem large relative to the 
size of the whole plant with its dis- 
tinctly hairy leaves. 
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A number of terrestrial arthropods 
take residence on this sea-influenced 
environment. The most conspicuous 
of them is the black-and-yellow orb- 
weaving spider Argiope bruennichi, 
the largest Azorean arachnid, com- 
mon inland during late summer and 
early autumn. Here in the Lajes 
marsh, it spins webs between adja- 
cent Juncus acutus plants. 

The channel that leads to the 
southeastern depression shows a 
simple pattern of algal zonation. Its 
upper levels are bare of life but then 
are covered progressively by a mat of 
fine green algae, Enteromorpha linza. 
This is followed, in succession, by a 
band of Ulva rigida and the brown 
alga Gigartina acicularis with small 
amounts of Chaetomorpha linum 
and, finally, down towards the point 
of low tide, by another band of Ulva 
rigida. The floor of the channel is 
covered with large mats of detached 
algae, such as Asparagopsis armata, 
derived from the shore seward of the 
boulder rampart and washed in as 
drift. When the stones of the channel 
are overturned, they reveal five spe- 
cies of ellobiid snails, that is, Pedi- 
pes pedipes, Auriculinella bidentata, 
Ovatella vulcani, Pseudomelampus 
exiguus and Myosotella myosotis. 
The channel floor is the home of 
large numbers of Palaemon elegans, 
here feeding on drift algae. 

The channel leads to a shallow, 
bowl-shaped, depression that is sur- 
rounded by the hummocks of Jun- 
cus. There are actually two species 
of Juncus here, the higher-zoned, 
more conspicuous Juncus acutus and 
the lower-zoned, bright green, J. ma- 

ritimus. Although a few other spe- 
cies of plants are scattered among the 
rushes, the latter dominate the habitat 
so complztely as to effectively ob- 
scure their presence. The most sea- 
ward hummocks of Juncus acutus 
have their bases swirled with drying 
drift-algae which, when lifted, are 
home to large numbers of amphi- 
pods, including Orchestia gammarel- 
lus and Melita palmata, the tanaid Ta- 
nais dulongii, the isopods Sphaero- 
ma terceirae, S. serratum and Leka- 
nesphaera rugicauda and numerous 
unidentified nematodes. 

The slopes forming the shores of 
the central depression are covered by 
bare sand and stones, seemingly de- 
void of life. Beneath the stones, how- 
ever, are many amphipods and two 
species of Ligia, the smaller L. italica 
and the larger L. oceanica. Large 
stones and boulders also line the cen- 
tral part of the depression, but here 
they are embedded in a gravel matrix 
that quickly becomes anoxic below 
the surface. Algae cover the rocks in 
three distinctive green bands, from 
top to side. The apex is covered with 
Enteromorpha linza which is grazed 
by a few large Littorina striata but, 
more obviously, by the systellomato- 
phoran Onchidella celtica. Below this 
occurs a narrow band of the stubby 
growth form of Ulva rigida and a 
third green alga, Chaetomorpha linum. 
This marks the point where such rocks 
are embedded in the mud. Pachy- 
grapsus marmoratus had excavated 
small chambers beneath many of the 
stones, providing, in turn, a refuge 
for the prawn Palaemon elegans. 
Relatively large numbers of rissoid 



snails such as Alvania mediolittora- 
lis, Manzonia unifasciata and Cingula 
trifasciata also congregate here. Two 
bivalves, the tiny Lasaea adansoni 
and the somewhat larger carditid, 
Cardita calyculata, attach to the un- 
dersurfaces of many of the stones. 

Also attached to the rocks is the 
tubeworm Spirorbis spirillum and the 
anemones, Actinia equina and Aipta- 
sia mutabilis. A considerable variety 
of opportunistic, errant, polychaetes 
representing several different families 
occupy the lagoon floor, including 
the nereids Perinereis oliveirae and 
P. taorica, the aphroditid Pontogenia 
chrysocoma, and the syllid Exogone 
sp. The amphinomids Eurythoe com- 
planata and Euphrosine foliosa prowl 
among stones and shells in search of 
anthozoan prey. The presence of the 
direct deposit feeding and gallery- 
building Lumbrinereis latreilli in- 
dicates that considerable quanties of 
fine, nutritious, sediments and detri- 
tus occupy the lagoon floor. Buried 
within the sediment is the sipuncu- 
lan, Phascolosoma granulatum. 

The Permanent Pond (Poga do CGo) 
in the Juncus Marsh 

Near the seawall, toward the 
centre of the Lajes Complex, the bed- 
rock surface is hidden beneath nu- 
merous large boulders, a thin soil 
and a dense cover of Juncus acutus. 
The rush covers this area so densely 
that one must pick carefully through 
it to avoid being constantly pricked 
by needle-sharp Juncus leaves. Tall, 
rush-dominated, hummocks also ob- 
scure from general view a small 
pond, Poga do CZo, located approxi- 

mately one-third of the distance from 
the seawall to the sea (Fig. 2C). 

Poga do CZo, some 40 m long and 
25 m wide near its centre, is actually 
L-shaped with the northeastern end 
being marshy. Elsewhere, it is 
flanked by numerous large basaltic 
boulders, especially on the seaward 
side. Ligia italica runs across the 
lower flanks of these boulders. At 
the base of such rocks can be found 
the complement of ellobiid snails 
identified from the marshy depres- 
sion. The northern and northeastern 
edge of the pond is surrounded by 
the grass, Briza maxima, which 
grows here presumably because it is 
sheltered from sea spray lofted onto 
the platform by onshore winds. The 
landward side of the pond is flanked 
by Juncus maritimus hummocks, 
while the southern end grades into a 
suite of other plants such as Crith- 
mum maritimum, Marsh cudweed 
Filiaginella uliginosa, Canadian flea- 
bane Conyza canadensis, Seaside 
spinach Tetragonia tetragonioides 
and the Sea bindweed Calystegia 
soldanella. Surrounding all of the 
plants at the water's edge and, along 
the eastern side, extending to the 
Lajes seawall, is Juncus acutus. 

The pond is shallowest at its east- 
ern and southern ends and becomes 
deeper toward the north. The shallow 
floor of the pond is lined by sand, 
upon which has accumulated much 
drift algae, including Enteromorpha 
intestinalis, Chaetomorpha aerea, C. 
linum and C. brachygona. In more 
protected near-shore locations, water 
striders, Hydrometra sp., patrol the 
pond searching for suitable prey. 
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The water level in the pond is 
tidally controlled through seepage of 
seawater beneath the boulder ram- 
part. The salinity of the water is, 
however, also influenced by rain, 
both directly and indirectly, the latter 
by seepage of groundwater from the 
surrounding land. The tidal influence 
is most clearly evident in the zonation 
pattern of algae attached to pond 
boulders. Reflecting the absence and 
importance of wave action, there are 
no littorines, barnacles or limpets, all 
of which require some degree of wa- 
ter movement. The tops of the par- 
tially immersed boulders are covered 
with the crinkly Enteromorpha in- 
testinalis, which intermingles and 
tangles with the floating Chaetomor- 
pha aerea. Below the crown of E. 
intestinalis, the rock is devoid of 
attached algae for a short distance but 
there then follows two bands of en- 
dolithic algae, one being either the 
chlorophyte Gomontia sp., or one or 
more species of endolithic Cyano- 
phyta (blue-green algae), and the 
other being the red alga, Hildenbran- 
dia rubra. Below this occurs another 
band of a green alga, Ulva lactuca. It 
is replaced in more shaded situations, 
as, for example, where two boulders 
abut, by a mixture of two species of 
Chaetomorpha, that is, C. linum and 
C. brachygona. Below this band of 
green algae lies a narrow band of a 
liver-coloured encrusting alga, Meso- , 
phyllum lichenoides. The lower por- 
tions of the boulders are spattered by 
tiny Spirorbis spirillum and the small, 
yellow, syconoid sponge Sycon co- 
ronatum. Other encrusting sponges, 
such as the rusty-orange Hymenia- 

cidon sanguinea, are attached to the 
lower surfaces of the rocks. The 
small bivalve Cardita calyculata 
attaches to the undersides of such 
boulders, as does the unusual uni- 
cellular encrusting foraminiferan, Mi- 
niacina miniacea. A number of small 
rissoid gastropods, including those 
occurring under stones in the tidal 
channel and depression, occupy the 
substratum beneath the boulders. 
Perhaps one of the more unusual 
members of this habitat is the pseu- 
doscorpion, Neobisium maritimum 
(Leach), here recorded from the 
Aqores for the first time. This small 
(< 5 mm) predator uses large chelae 
to capture tiny crustaceans and insects, 
especially collembolans and spring- 
tails, and finds refuge in rock crev- 
ices in the intertidal zone. It is not a 
true marine organism, but has invaded 
the intertidal from land. As it is inca- 
pable of either flight or prolonged 
submersion, one must speculate how 
such a species could colonize islands 
such as the Aqores. Pseudoscorpions 
are, however, often recorded from 
the fauna of remote oceanic islands, 
arriving there by phoresy, that is, by 
attaching to the feathers of long-dis- 
tance bird migrants such as the Sand 
martin, Riparia riparia (Kirstofik et 
al., 1994) and Penduline tit, Remiz 
pendulinus (Kirstofik et al., 1995), 
or to the legs of insects such as the 
flies, Physiphora demandata (Cle- 
ments, 1987) and Odontoloxozus 
longicornis (Zeh & Zeh, 1992a) and 
beetles, for example, Acrocinus lon- 
gimanus (Zeh & Zeh, 1992b, c). 

The small anemone, Aiptasia mu- 
tabilis, is one of the more numerous 



and obvious colonizers of the lower 
surfaces of the boulders. These ane- 
mones presumably feed on the 
myriad of tiny organisms that inhabit 
the substantial detritus, mostly de- 
caying algae, which has accumulated 
on the bottom of the pond. Though 
blackened, this detritus is not entirely 
anoxic because the tidally incursing 
seawater both refreshes the pond 
from below and allows soluble nu- 
trients released from the dead algae to 
drain away. The basement sand of 
the pond contains much biogenic ma- 
terial such as shell debris (Bittium, 
Lima, Chlamys) and sea urchin 
spines. Since such animals do not 
inhabit the pond, this material must 
reflect what has been washed into it 
from offshore, probably when large 
waves break over the boulder 
rampart. 

BIRDS 

Le Grand (1983) provides a list of 
birds recorded from Pico, including 
the following aquatic associated spe- 
cies: Cory's shearwater Calonectris 
diomedea, Snipe Gallinago gallina- 
go, Yellow-legged herring gull Larus 
argentatus cachinnans, Roseate tern 
Stema dougalli, Common tern Stema 
hirundo and the ubiquitous Wagtail 
Motacilla cinerea. We are unaware 
of any detailed bird records from 
Lajes do Pico, but during our visits, 
were able to record the following 
species: a Grey heron Ardea cinerea, 
two Whimbrels Numenius yhaeopus, 
one Little ringed plover Charadrius 
dubius, and between 15-20 Turn- 
stones Arenaria interpres, all of the 

latter doing what the common name 
suggests in search of food items in 
the western marshy area of the Lajes 
Complex. The Canary Serinus seri- 
nus was also observed feeding on the 
seed heads of the Canadian fleabane 
Conyza canadensis near the seawall 
at the rear of the coastal platform. At 
least 150 Common terns were roost- 
ing beside several of the most 
seaward intertidal pools (Fig. 2D). 
The Grey wagtail Motacilla cinerea 
was also common on the marsh. We 
have little doubt that the Lajes do 
Pico marsh provides either perma- 
nent or temporary habitat for other 
wading birds and believe that its 
protection would only serve to enrich 
the avifauna of Pico. 

CONSERVATION 

Most Aqorean shores consist of 
wave-pounded basaltic lavas, some 
of which are also covered by mobile 
boulders and cobbles, but all main- 
tain moderate to low biological diver- 
sity. Only in a few places, such as 
certain low-lying, protected, "wet- 
land" habitats, does biological diver- 
sity increase, fostered by several fac- 
tors, including increasing protection 
from wave action, increased quan- 
tities of unconsolidated, nutrient- 
trapping, sediments and, eventually, 
the increased presence of coastal 
halophytes, especially species of 
Juncus, IlhCu de Vila Franca, a 
drowned volcanic cone just offshore 
from Vila Franca do Campo, SZo 
Miguel, is one such habitat having 
increased biological diversity but dis- 
playing only a modest increase in 
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coastal angiosperms (Morton, 1990). 
The lagoon at Fajb do Santo Cristo 
on the north shore of Sbo Jorge 
(Morton & Tristiio da Cunha, 1993) 
is larger and more diverse than IlhGu 
de Vila Franca and there is an in- 
creased presence of coastal halo- 
phytes. Both places have a direct 
connection with the sea. The lagoon 
at Santo Cristo is structurally similar 
to another one at Fajii dos Cubres, a 
few kilometres west (Morton et al., 
1995). Here, the absence of a chan- 
nel connecting the lagoon and the sea 
has created a true brackishwater wet- 
land fringed not only by Juncus acu- 
tus and other halophytes, but also 
containing the seagrass Ruppia mari- 
tima (Morton et al., 1995). Both fajb 
habitats lie behind boulder ramparts 
occupying the seaward edge of 
coastal platforms. Their lagoons 
probably were excavated initially by 
marine erosion prior to the formation 
of the boulder ramparts. Both la- 

: goons, each covering several hec- 
tares, shelve at first gently and, then, 
steeply to their floors. Subsequent to 
rampart formation, the basins proba- 
bly have been sustained by ground- 
water erosion (Morton et al., 1995). 

At Lajes do Pico, however, a cen- 
tral, tidally-influenced, marsh sur- 
rounds a relatively small L-shaped 
pond, both fringed by basaltic boul- 
ders. Entry to the marsh is not 
directly from the open sea (as at San- 
to Cristo) but via a protected embay- 
ment at the southern end of the Lajes 
Complex. This leads, in turn, to a 
smaller channel protected from all but 
the highest waves by the eastern ter- 
minus of the Lajes boulder rampart. 

Seawater fills the marsh basin to a 
depth of a few centimetres with each 
tidal flow and drains from it comple- 
tely with each ebb. Similarly, sea- 
water tidally percolates from below 
into the Lajes pond, P o ~ a  do Cbo, 
and other, adjacent, sand-filled de- 
pressions, but these are sufficiently 
small that their saline waters can be 
significantly, albeit temporarily, di- 
luted by rainfall. By virtue of the 
protection afforded the Lajes marsh 
basin by the boulder rampart and 
individual boulders scattered about it, 
modest quantities of unconsolidated 
sediment have accumulated on its 
floor. The Lajes marsh is thus 
unique, unlike either Fajb dos Cubres 
or Fajii do Santo Cristo. 

Although the Lajes Complex is 
approximately the same size as the 
two lagoon-dominated fajbs of Sbo 
Jorge, the pond occupying the centre 
of the marsh (Po~a  do Cbo) and other 
minor depressions are much smaller 
than either of the fajb lagoons. The 
area dominated by Juncus is, how- 
ever, of considerably greater size, 
making the Lajes Complex the largest 
halophyte-dominated wetland in the 
Agores. This has not always been 
the case, for a much larger marsh 
once occupied the eastern shore of 
Terceira. The following passage 
from Bannerman & Bannerman 
(1966, p. 35) is one of the few 
descriptions of the Terceira wetland: 

"The eastern coast, from Praia da 
Vitdria to Ponta das Contendas ... 
is the most interesting to the stu- 
dent of ornithology. A potential 
fault, running from Praia da Vitd- 
ria to the north-east gave rise to a 



large and long subsidence of the 
soil, a vast area of flat ground 
being formed-long and broad - 
where the Lajes airfield is situated. 
This strip of land slopes gently to 
the south-east to the Baia da Praia. 
The whole of this area was occu- 
pied until recently by a marsh, the 
Pad1 da Praia, which, notwith- 
standing its proximity to a town 
alive with people and cars, and the 
noise of aircraft overhead, was a 
great attraction to many birds, es- 
pecially members of the heron fa- 
mily and wading birds. Shooting 
was forbidden in order to protect 
the A~orean moorhen, which lived 
there peacefully side by side with 
the coot and occasional visitors 
from overseas. An islet densely co- 
vered with reeds in the middle of 
the marsh afforded excellent breed- 
ing conditions for the moorhen. As 
the marsh was a nuisance and con- 
sidered to be a menace to the health 
of the people living around - most 
of them foreigners - it was drained 
and the birds quickly disappeared." 
Since the disappearence of the 

Terceira marsh, the coastal wetlands 
at Lajes, Pico and Faj5 do Santo 
Cristo and Fajii dos Cubes, S5o Jor- 
ge, have assumed greater importance 
and their conservation value has, 
therefore, increased significantly. If 
the two locations on S5o Jorge and 
the marsh at Lajes are not effectively 
protected quickly, coastal wetland 
habitats in the A~ores could become 
only a memory like the once-ex- 
tensive Terceira marsh. 

In the earlier part of this century, 
several villages and towns, particu- 

larly on the central islands of Pico 
and Faial, engaged in whaling. Lajes 
was one of the more important of 
these. Since whaling ended in the 
Agores, Lajes has led the way in 
promoting a tourist industry based on 
whale watching and the history of 
whaling (Morton, 1995). Visitors to 
Lajes can tour a whaling museum 
and explore former whale processing 
facilities nearby. Whaling canoes are 
being repaired and restored for dis- 
play during the annual Whaling Fes- 
tival in early September. Consi- 
dering, therefore, the conservation 
and tourism industry presently being 
developed by the town of Lajes, 
there is a second largely unprotected 
resource, the Juncus marsh on the 
Lajes Complex, that could, if care- 
fully protected and managed, become 
another important attraction. In ma- 
ny parts of the world, bird-watching 
is a thriving and growing hobby and 
industry and, indeed, the Lajes 
marsh has received minimal protec- 
tion in 1979 as a "Zone of Special 
Protection for the Birds of the 
A~ores"  (EEC Directive 791409) 
(Santos et al., 1994). Nevertheless, 
hunting persists on the Lajes Com- 
plex, as evidenced by discharged 
shotgun shells on the platform floor. 
If the Lajes marsh was strictly pro- 
tected froin hunting, it is probable 
that, like the marsh at Terceira, be- 
fore it was destroyed, its avifauna 
would increase. Bird-watching 
"hides" could be placed strategically 
around the marsh, affording loca- 
tions for visitors to observe the avi- 
fauna with minimal disturbance to 
either the birds or the marsh. 
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The Lajes marsh is not, however, 
valuable only for birds. It is becom- 
ing increasingly apparent that the 
teaching of ecology, environmental 
issues and conservation are of grow- 
ing importance in the school and 
University science-based curricula 
and that the Lajes marsh thus consti- 
tutes an important resource both for 
teaching and research. This marsh is 
unique within the A~ores. If it is lost, 
the Aqorean government will have 
emptied the islands of an irreplaceable 
resource for research and education. 

The intrinsic value of the Lajes 
marsh is, thus, very real. Any ex- 
ploitation of it for tourism, education 
and research must be monitored very 
carefully because, as we have shown 
in this and earlier papers on Faj5 do 
Santo Cristo and Faj5 dos Cubres 
(Morton & Trist5o de Cunha, 1993; 
Morton et al., 1995), such habitats 
are extremely rare in the Aqores and 
have to be regarded as of national, if 
not international, importance. We 
thus recommend the rapid designa- 
tion of the Lajes Complex as a Ma- 
rine Reserve and that equally speedy 
steps are taken to (a), study it in 
greater detail than here; (b), set in 
place a management plan for its con- 
tinued preservation and (c), develop 
proposals to utilize its potential for 
education and research in the broad- 
est context. 
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