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THE SHETLAND ISLES: LONG-TERM OBSERVATIONS ON THE SUBTIDAL 

MARINE FLORA 

IAN TITTLEY & WILLIAM F. FARNHAM 

TITTLEY, I. & W.F. FARNHAM. 2001. The Shetland Isles: Long-term observations 
on the subtidal marine flora. Arquipelago .  Life and Marine Sciences. Supplement 
2 (Part B): 1-17. Ponta Delgada. ISSN 0873-4740. 

The marine algal tlora of Sul lom Voe, S hetland, has been surveyed on three occasions in  
twenty years (1973, 1983, 1993). To date 281 species have been recorded in  Shetland, of 
which 175 spec ies occur in  Sullom Voe. The subtidal vegetation of the outer part of the voe 
is characterised by forest formations of the perennial ke l p Laminaria hyperborea on 
bedrock and a species-rich epiflora on stipes and holdfasts. This com munity was stable wi th 
t ime despite the wave-exposed conditions there. The subtidal vegetation of the inner, 
shel tered, voe with a sea-bed of sediment, stone and shel l, was characterised by the canopy
forming annual Laminaria saccharina I longicmris. Comparison of survey resul ts revealed 
this canopy and associated subflora communi ties to vary in abu ndance and extent wi th 
time. 

fan Tittley (e-mail: /. Tittley@nhm. ac. uk), Department of Botany, The Natural Hist01y 

Muse11111, London SW7 SBD. UK. - William F. Farnham, Institute of Marine Sciences, 
University of Portsmouth, Portsmolllh ?049 9LY, UK. 

INTRODUCTION 

Shetland is an archipelago of about 100 islands in 

the Atlantic Ocean lying between 60° and 61 °N, 
170 km north of mainland Scotland and 300 km 
southeast of the Faroe Islands. Although the 
archipelago lies with in  the cold-temperate region, 

the sea does not freeze due to the warming 
influence of the Gulf  Stream (average surface 

temperatures are 4°C in winter and 12°C in 
summer). The Shetlands contain a mainland 

which is 85 km long and inc ised by deeply 
penetrating, fjordic arms (sea-lochs or voes); one 
of these, Sullom Voe (Fig .  1), is the subject of this 
paper. 

Sullom Voe is a 15 km long, narrow inlet of 
the sea where there is  a gradient of wave-exposure 
from extremely wave-exposed to sheltered. A few 
r ivulets drain into the voe but cause no significant 
reduction in sal in i ty.  Sullom Voe has a range of 
subtidal habitat types, including rocky outcrops, 
extensive sediment areas of shell, stone, sand and 
silt, and biogenic surfaces such as beds of 

Modiolus (horse-mussel). 

Although accounts of the algal flora of the 
Shetlands go back almost two centuries (e. g. 
EDMONSTON 1809), studies have been sporadic 
and key works are those of B0RGESEN ( 1903a, b), 
B0RGESEN & JONSSON (1905), DIXON (1963), 
IRVINE (1962, 1974, 1980) and IRVINE et al. 
(1975). The marine algal flora of S hetland is 
typical of the species poorer co ld temperate North 
Atlantic Ocean with 281 species recorded (50 
Chlorophyta, 101 Phaeophyta, 130 Rhodophyta). 

Sullom Voe had been scantly studied until the 
construction of Europe's largest oil terminal in the 
1970s (DUNNET & MCINTYRE 1995). Long-term 
survei l lance of the intert idal biota of Sullom Voe 
has been undertaken regularly s ince 1981 
(MOORE et al. 1995). Studies on the subtidal 
vegetation were in itiated in 1973 (TITTLEY et al.  
1977) as part of a wider study of the algae of 
Shetland (IRVINE 1974), and repeated in 1983 
(TITTLEY et al. 1985) and 1993 (TITTLEY & 

FARNHAM 1997- unpublished report). 
The 1993 algal survey of the Sullom Voe 

provided an opportun i ty to revisit previous study 
sites, assess the current status of the subtidal 



vegetation, and make comparisons with previous 
observat ions; some resul ts are presented in t h is 
paper. 

METHODS 

The surveys were carried out in Ju ly I August 
1 973 , Ju ly 1983  and August 1993 .  In  the original 
1 973 survey, the pri ncipal fea tures of  the a lgal 
vegetation of Sul lom Voe were recorded by 
samp l ing from quadrats a long transects;  these 
transect stud ies were complemented by sampl ing 
from 'spot-dive' study s i tes at pre-selected depths 
(TITILEY et al. 1977). As the original survey was 
essentially semi-quanti tat ive and descriptive, 
transect samp l i ng was not repl icated ; subsequent 
reassessment was undertaken in the same manner. 
Transects were relocated as accurately as previous 
field data a l lowed. At each s i te a rope l i ne was 
laid from an access i b le reference poi n t  at high 
water mark to the subt idal region.  The transects 
were 200 m long and the rope forming the 
transect l i ne was weighted and marked at 10 m 
intervals .  Depths at these points were recorded at 
noted t imes and adj usted to Chart Datum. At  each 
marked 10 m in terva l ,  vegetation was c leared 
from a 1 m x 1 m quadrat beside the transect l i ne 
and brought back to the l aboratory for 
ident ification. Where possible, whole stones and 
cobbles were col lected for exami nation of 
encrusting a lgae. Lami narians were weighed wet 
to assess relat ive abund ance; ages of  La111inaria 

hyperborea plants were ascertained by sect ioning 
stipes and counting annual growth rings (cf .  KAIN 

1963) .  The resu l ts for four of the transect surveys 
(Fig. 1) are presented below (for other s i tes see 
TmLEY & FARNHAM 1997). 

Detrended Correspondence Analysis 
(DECORANA, a numerica l ,  ordinat ion method) 
was used to fac i l i tate comparison of quadrat data 
from the three surveys. A database of species 
presence in quadrats was prepared for the purpose 
(in TITfLEY & FARNHAM 1 997) . Ordination 
arranges the vegetat ion samples i n  relation to each 
other accord ing to their s imi l ar i ty of species 
composi tion and associated environmental or 
temporal  controls (KENT & COKER 1 992). The 
results of an ord inat ion are in th is case two-
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d imensional graphs i n  which each point represents 
a vegetation sample or quadrat. The d i stances 
between the poi nts in the graph are taken as an 
indicat ion of their s imi lari ty or d ifference. 

4 YELL SOUND 

��-so km 

South Np 
I z_ V;::, �J Scarva Taing 

� ':;;' � 5km 

Fig. 1. Sullom Voe showing transects sites. 

RESULTS 

Inner Voe - South Ness 

N 

l 

The transect traversed an intertidal area of gent ly 
s loping shingle, boulder and outcropping  rocks 
that continued subtida l l y  and, at greater depths 
( 1 0  m), gave way to a sea-bed of soft mud and 
shel l debris. 

Vegetation description and co111parison 

Seventy-n ine species were recorded i n  the three 
surveys (32 species i n  1 993,  55 in 1983  and 36 i n  



1 973) ;  only a small component ( 1 1  species) of the 
total flora was found on all occasions. 

At shallow sublittoral levels the transect 

crossed a canopy of mixed of Fucus serratus, 
Laminaria digitata, L. hyperborea and L. 
saccharinallongicruris (L. sacclwrina and L. 
longicmris may be conspec ific cf. SOUTH & 

T!TILEY 1 986) . From 30 m offshore (2-3 m 
depth) the canopy was solely of L. saccharina I 
/ongicruris (Fig. 2).  In 1 993 the Laminaria 
canopy extended to only 90 m offshore (9 m 
depth), contrasti ng with 1973 when it was present 
in all quadrats to 1 40 m offshore ( 1 4  m depth), 
and 1 983 when it was patch ily present 80- 130 m 

offshore. 
The subflora (underflora and epiflora) 

recorded in shallow waters comprised a di verse 
species-assemblage but differed in composition i n  

each survey. A t  30-80 m offshore (2-8 m depth) 
only a depauperate undertlora was recorded i n  
1 993 compared with species-richer assemblages 
of 1 973 and 1 983 (cf. T!TILEY et al. 1 977, 1 985) .  
The principal algae in 1993 were, epiphytes on 
Laminaria blades (e.g. Ectocmpus siliculosus, 
Myrionema corunnae), and crustose forms such 
as the Aglaozonia stage of Cutleria nwltiflda , 
Lithothamnion glaciale and Pseudolithoderma 
extensum on stones and shells. At 1 40- 150 m 
offshore only crustose species were recorded in  
1 993 in  contrast to the foliose and filamentous 
species found previously; in deepest waters at 25-
28 m ( 1 60-200 m offshore) vegetation was absent 
in 1993 contrasting with previous occasions (cf. 
T!TILEY et al. 1 977,  1985) .  The red a lga 
Phyllophora crispa that in 1 973 and 1 983 was 
commonly present as extensive, detached, mats 

120-200 m offshore, was not recorded i n  1 993 . 

Quadmt comparison 

Ordination (Fig. 3) produced a single cluster of 
points. The lack of a clear linear pattern 

successive points (quadrats along the transect) 
reflects the patchy mosaic of vegetation crossed 
by the transect. The first axis of the ordination 

suggests a depth gradient; quadrats at depths of 
less than 10 m (characterised by Laminaria 
sacharina I longicmris) are posi t ioned to the left 
of 200, quadrats from deeper waters (often 
containing Plzy/loplwra crispa) are positioned to 
the right. The second axis suggests temporal 

di fferences with most 1 973 and 1 9 83 quadrats in 
the lower part of the graph (below 200), and 1 993 
quadrats i n  the upper part. The ordination does 
not show the quadrats that in 1 993 lacked algae. 

Abundance-
= 2Kg/m2 

200m 

Fig. 2 .  Transect I, South Ness. Ki te d i agram showing 
Laminaria saccharina I longicmris extent and 
abundance along the transect in the three survey years. 

Inner Voe- Scarva Taing 

The transect crossed an intertidal area of shingle 
with rocky outcrops that gave way al shallow 
sublittoral l evels (3 m depth) to a sea bed of 

gravel ,  coarse sand and cobble. At 4-5 m depth 
the sea-bed was of mud and sand which continued 
to 1 00 m offshore. Beyond this point the sea-bed 
changed to mud-she l l  debris and Modiolus beds, 
and soft mud and shell debris at the greatest 
depths i nvestigated (25-30 m). 
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Fig. 3 .  Transect I, ordination of quadrat data. Numbered points represent quadrats (successively joined for 1973 

and 1993 transects). 1973, hatched l ine 35 (inshore) - 49 (offshore); 1983, points unjoined I 6 (inshore) - 34 
(offshore); 1993, continuous l ine I (inshore) - 15 (offshore). 

Vegetation description and comparison 

Eighty species were recorded dur i ng the surveys 
(42 in 1 973 ; 64 in 1 983; 1 8  in 1993) but only 
eight on all occasions. 

In 1 993 the principal kelp at subl i ttoral fri nge 
level was L. saccharina I longicruris, contrast ing 
with mixed Laminaria spp. recorded in 1 973 and 
1 983 .  At greater depths a m ixture of L. 
saccharina I longicruris and L. hyperhorea was 
present on all occasions;  L. saccharina I 
longicruris was cons istent ly  the dominant species 
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i n  deepest waters (Fig. 4). Differences in ex tent of 
L. saccharina I longicruris canopy were observed 
i n  each survey occasion ( 1 973 to II 0 m offshore; 
1983 to 50 m offshore; 1 993 to 40 m offshore). 

A diverse subflora of mainly red al gae (e.g. 
Phycodrys ruhens, Phyllophora crispa, 

Polysiphonia elongata, Pterosiphonia parasitica) 

and the crustose brown algae Aglaozonia and 
Pseudolithodemw extensum, was recorded in the 
three surveys. Species composit ion differed on 
each occasion and fewer species were recorded in 
1 993 than previously .  The subflora extended to 



only 80 m offshore i n  1 993, compared with 150 m 
in 1 973 and 200 m i n  1 983 .  

Abundance 

200m = 2Kg/m2 

Fig. 4. Transect 2, Scarva Taing. Kite diagram 
showing Lamina ria saccharina I longicmris extent and 

abundance along the transect in the three survey years. 

Quadrat comparison 

Ord ination (Fig. 5) produced a graph with a s ingle 
c luster of points .  Quadrats from below 20 m depth 
are positioned i n  the top left of the plot and those 
from sha l low water to the r ight  side of the plot. 
Quadrats fro m  deep water arid lack ing in a lgae i n  
1 993 are n o t  shown. 

Central Voe - Oil Terminal 

The transect crossed a man-made boulder 
foreshore that gave way i n  sha l low waters to a 
sandy sea-bed . At 4 m depth the sea-bed was of 
mud and shel l debris a nd c hanged to soft mud at  
approximately 10  m depth .  I n  deep water ( 1 5-20 
m depth) the sea-floor w�s of soft mud and s i l t .  

Vegetation description and colilparison 

Seventy-seven species have been recorded in the 
surveys (47 in 1 993,  48 in 1 983,  46 in 1 973) but 
on ly  six teen species were recorded on all three 
occasions. 

In 1 993 (and 1 973) Lalilinaria digitata and L. 
hyperborea successively formed narrow bands on 
boulders a t  sha l low subl i ttoral levels, contrast ing 
with 1983  when both were absent. L. saccharina I 
/ongicmris was predominant in deeper waters 
o ffshore on a l l  occasions (Fig. 6) . At the greatest 
depths i nvest igated in the present survey (20 m),  
macrophytes were absent. Laminaria saccharina I 
longicruris beds extended to 80 m offshore i n  
1 9 93 compared with 1 90 m i n  1983 .  

IV u 
c 
!'! en 
0 

200m 

Abundance 
= 2Kg/m2 

1973 1983 1993 

Fig . 6. Transect 3, O i l  Terminal .  Kite d iagram 
showing Lamina ria saccharina I longicmris extent and 
abundance along the transect in  the three survey years. 

A subflora of Ulva lactuca, Chorda filum, 
Ectocarpus spp., Sphacelaria cirrosa and 
Phycodrys rubens occurred beneath the 
Laminaria canopy on a ll occasions. The f i l iform 
brown a lgae Dictyosiphon foeniculaceus, 
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Stictyosiplwn sorifem s ,  Spermatochnus 
paradoxus and Sauvageaugloia griffithsianus 

recorded i n  1 973 and 1 983 (cf. TITILEY et a! . 
1 977, 1 985) were not found i n  1 993 .  Flocculent 
mats of Rhodothamniella floridula occurred i n  
smaller amounts a t  7 0  m offshore i n  1993 
compared with 1 983. A lgae were not found 
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beyond 90 m offshore i n  1993 whi le i n  1983 
Coccotylus tmncatus, Polysiphonia elongata, 

Phyflophom crispa, and R. floridula were 
present, and in 1 973 Polyides rotundus, 

Desmarestia aculeata, Sphacelaria plwnosa and 
Chaetomorpha melagoniwn were also recorded 
(TITILEY et al . 1 977, 1 985) .  
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Fig. 5. Transect 2, ordination of quadrat data. Numbered points represent quadrats (successively joined for 1983 
and 1993 transects). 1973, points unjoined 29 ( inshore) - 41 (offshore); 1983, hatched l ine 9 ( inshore) - 27 
(offshore); 1993, continuous l ine I ( inshore) - 8 (offshore). 

Quadrat comparison 

Ord ination of quadrats (Fig.  7) i ndicated a depth 
gradient with those from deeper waters posit ioned 
at h igher values on ax is  1 ;  the arrangement of 
successive transect quadrats i n  the graph is not 
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l i near but meanders (from shal low to deep water) 
reflect ing the mosaic of communi t ies traversed . 
The second axis suggests a t ime series, wi th 1 973 
quadrats posit ioned a t  low values, 1 983 quadrats 
at midd l e  values, and most 1 993 quadrats at high 
values. 
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and 1993 transects). 1973, hatched l ine 28 ( inshore) - 38 (off shore); 1983. points unjoined 11 ( inshore) - 27 
(offshore); 1993, con ti nuous l ine I ( inshore) - I 0 (offshore). 

Outer Voe - Grunn Taing 

The transect crossed a wave-exposed intert idal  
sea-shore of shallowly shelv ing bedrock which 
extended to 5-6 m below low water level ( 1 00 m 
offshore). Beyond th is  point  were sporadic areas 
of boulder, stones and gravel over bedrock, and 
furthest offshore, patches of sand and small 
boulders over bedrock. 

\legetation description and comparison 

Fifty-nine species have been recorded in the three 
surveys ( 4 1  in 1 973,  32 i n  1983 ,  and 39 in !993) .  
Twenty species have been found on a l l  occasions; 
seven are unique to th is  si te. 

Beyond a narrow inshore band of L. digitata, 
the principa l  kelp species on al l  occasions was 
Lamina ria hyperborea which formed an extensive 
stand of large plants to 200 m offshore (Fig. 8 ) .  In 
1 993 p lants were aged at  (5)-6 -(7) years old. 
Patchy growths of L. sacclwrina I longicruris 
grew among the L. hyperborea canopy along the 
entire transect in  1 993 ,  compared with only 
beyond 1 00 m in 1973 and 1983 .  Another kelp,  
Saccorhiza polyschides, was found occas iona lly 
in the three surveys, where sand is temporari l y  
washed away from the  bedrock. 

The subflora i n  a l l  surveys comprised (Table 
1) a species-rich assemblage on Laminaria 
hyperborea stipes, and a species-poorer 
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assemblage on bedrock and stones beneath the L. 

hyperborea canopy. 

Fig. 8. Transect 4, Oil Terminal. Kite diagram 

showing Lamina ria hyperborean extent and abundance 
along the transect in the three survey years. 

Table 1 
Subflora at Grunn Taing 

Epiflora on Lamina ria hyperborea 
Audouinella plllpurea Membranoptera a/ata 
Calloplzyllis crista/a Phycod1ys mbens 
Ceramium nodulosum P/ocamium 

Cladophora mpestris 
Clyptopleura ramosa 
Derbesia marina 
Dermatolithon pus/Ill alum 
Desmarestia viridis 
Haraldiophyllum 
bonnemaisonii 
Lamentaria c/avel/osa 

Underflora on bedrock only 

carti/aginewn 
Polysiphonia stricta 
Ptilota gwweri 
Ptilothamnion pluma 
Rhodomela confervoides 
Rhodophyllis divaricata 
Sphacelaria radicans 

Viva Iaduca 

Hildenbrandia mbra Peyssonne/ia dubyi 
Lithothamnion glaciate Phymatolithon 

rugulosrm1 

Subflora on bedrock and L hyperborea 
Membranoptera alata 
Phycodrys mbens 
Polysiphonia stricto 

Quadrat comparison 

Ptilota gunneri 
Ulva lactuca 

Ordination (see TITILEY & FARNHAM 1997, p.87) 
presented a single tight cluster of quadrats in 
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which a clear depth- or time-series could not be 
discerned. 

DISCUSSION 

There exists an extensive body of knowledge on 
the seasonality, long-term occurrence, change in 
abundance and depth distribution, of La111i11aria 
spp. around the coast of Scotland (e.g. WALKER & 
RICHARDSON 1955; WALKER 1957). Laminaria 
occurrence around Shetland was less known until 
recently (cf. CONNOR et al. 1997; TITILEY et al. 
1977). The results of this field survey agree with 
the conclusion of WALKER (1958) that the greater 
abundance of Laminaria spp. occurs at depths of 
less than 9 m. The present and previous algal 
surveys have revealed differences in laminarian 
communities in the inner and outer parts of 

Sullom Voe. The extensive areas of subtidal 
bedrock in the outer voe provide habitat suited to 
the strongly anchored, long-lived perennial 
Laminaria hyperborea. The three surveys have 
shown the species to thrive there despite the 
wave-washed conditions which at an extreme can 
cause considerable damage by snapping the stiff 
Stipes (BIRKETI et al. 1998). WALKER (1958) 
noted the dominance of L. hyperborea on 
extensive bedrock in the Orkney Islands. The 
inner reaches of Sullom Voe have only a 
restricted area of subtidal bedrock and therefore 
little L. hyperborea. However, the extensive sea
bed of sediment, stories and shells there, create a 
suitable habitat for the fast-growing, opportunist, 
annual L. saccharina I longicruris and for filiform 
annual brown algae that do not require firm 
anchorage. Similar assemblages occurred in 
sheltered fjords in the Faroes where L. longicruris 
grew on small stones and shells or even 
unattached (TITILEY et al. 1982). With its brittle 
laminae several metres long, L. saccharina I 
lollgicruris is suited to extremely sheltered 
conditions with little water movement. 

Although the three surveys showed a kelp 
canopy to be continuously present throughout the 
voe, results from transect studies (and also the 
ordination analysis) suggest differences in 
stability of the vegetation in the inner and outer 
voe. The Laminaria hyperborea forests in the 



outer areas of Su l lom Voe appeared stable i n  
contrast t o  the changes in  extent and abundance of 
Lamina ria saccharina I longicmris canopy in  the 
inner voe. However, in the outer voe where 
mobi le  sand is temporari ly washed away from 
bedrock ,  the vegetation on uncovered surfaces is  
characteri sed by opportunists such as Saccorhiza 
polyschides and L. saccharina I /ongicmris. 
Changes recorded in the inner voe are probably 
natura l and poss ib ly cyc l ica l .  WALKER ( 1 956a) 
identified changes in the q uanti ty and composi t ion 
of Laminariaceae in Scot land and showed an 1 1  
year cycle and coincidence with sunspot activity;  
WALKER ( 1 956b) suggested that th is activity may 
influence meteorological conditions and thus the 
marine environment. Elsewhere in the North 
Atlantic grazing by sea-urch ins has significant ly  
reduced the extent of Laminaria stands (TITILEY 

et a l .  1 989) ; this is not the case in Su l lom Voe as 
urchins do not  occur i n  numbers l arge enough to 
deplete the kelp assemblage. To speculate, the 
contraction of vegetation from deeper waters 
recorded in the present survey may relate to water 
qual i ty and the flushing of the inner basin of 
Sul lom Voe. A lthough a de-oxygenation event 
was recorded in 1 978 at the head of Sul lom Voe 
(PEARSON & ELEFTHERIOU 1 98 1 ;  STANLEY et a l .  
1 9 8 1 ), adverse condi t ions occurred on ly  beneath a 
summer thermocl i ne a t  30-35m.  

The age of the Laminaria hyperborea 
population i n  the outer voe (5-6-7 years) was 
s l ight ly more than the 4-5 years reported by 
Walker & Richardson ( 1 957) for open sea 
populations in Scotl and . A lthough turnover of 
ind iv idual  L. hyperborea plants has occurred 
between surveys, recruitment h as been sufficient 
to maintain a broad ly  s imi lar outward appearance 
of the kelp bed . WALKER ( 1 958) observed that  
over a year the standing crop o f  L. hyperborea i s  
general ly  stable un t i l  reduced by rough seas and 
by the shedding of old l aminae in spring. WALKER 

( 1 958) a lso recorded 'perennia l  changes' in cover 
and density in Laminaria populations in which 
reductions and gains were noted . BIRKETI et a l .  
( 1 998) d iscussed the constant change in  the 
spatial mosaic of kelp communi t ies and suggested 
t ime-scales of decades to centuries for such 
natural dynamic variat ion.  Our observations in 

Su l lom Voe suggest that some kel p  communi ties 
change more rapid ly than others , confirming 
WALKER & RICHARDSON'S ( 1 955)  observation 
that L. saccharina is more noticeably seasonal in 
i ts growth than is  L. lzyperborea . 

Laminaria hyperborea also provides habitat 
for a dynamically stable subflora of epiphytes . 
The associated underFiora assemblage on bedrock 
comprised mainly s low-growing species that a lso 
formed a dynamical ly stable facies. The subtidal 
algal underflora communi t ies, and those at  
locations in  the voe without a ke lp canopy (see 
TITILEY et a l .  1 977 for a ful l  descript ion of these 
communities), in general agree with the biotopes 
defined by CONNOR et a l .  (1977) from the north 
of Scotland .  

The 175 species of algae recorded from 
Su l lom Voe (Appendi x  1 )  compares with 1 99 
from the much longer Hardangerfjord in adj acent 
Norway (JORDE & KLAYESTAD 1963),  but 
considerabl y  exceeds 49 from Ska lafj¢dur 
(comparable in length to Sul lom Voe) in the 
Faroes (TITTLEY et a l .  1982) . 

These subt idal  vegetation surveys, and other 
studies over the past twenty years (DUNNET & 

MCINTYRE 1 995) ,  have indicated that  physical 
d isturbance caused by construct ion of the oil 
terminal  has been relat ively confi ned . As shown 
by Walker' s  many studies Laminaria populat ions 
are res i l ient to d is turbance; Laminaria 
lzyperborea a t  the oil terminal had recovered i n  
1 993 after an absence in  1 983. 

The Laminaria forests that occur on the 
temperate sea-shores of the world are b iologica l ly 
d iverse and as a consequence are of considerable 
conservat ion i mportance. They are described by 
BrRKETI e t  a l .  ( 1 998) as  the marine equivalent of 
tropical rainforests in  terms of their biological 
productivity, the numbers of ind ividuals l i ving 
there or dependent on the habitat, and the species 
d iversi ty present in  the habitat. Despite the 
extensive body of knowledge on kelp forests t here 
are few long-term studies in Bri ta in .  Un l i ke the 
i ntert idal  monitoring in  Sul lom Voe that was 
undertaken at shorter in tervals and therefore 
provides more complete t ime-series information 
on a lgal populat ions and communities, these 
subtidal algal surveys only provide snapshots at 
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longer time i ntervals between which other 
unrecorded changes may have occurred. 
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APPENDIX 1 :  SPECIES RECORDED FROM SHETLAND AND SULLOM VOE 

Nomenclature and c itation most ly fo l lows Gun�v ( 1 997) 
* = Voucher specimens at B M  
7 = Recorded from Su l lom Voe in 1973 
8 = Recorded from Su 1 1om Voe in 1983 
9 = Recorded from Sul lom Voe in 1993 

Species without asterisks are not represented by specimens at BM; species without 7 ,8 ,9 have been 
recorded for Shetland but  not Su l lom Voe. 

Bangiophyceae (Rhodophyta) 

Aglao/hamnion bipinnalu111 (P Crouan & H Crouan) Feldman-Mazoyer 

Ag/aolhamnion hookeri (Di l lwyn) Magg & Hommersand) 
Ag/aothamnion pricea11u111 Maggs, Gui ry & Rueness 
Ag/aothamnion roseum (Roth) M aggs & L' hardy-Halos 
Aglaothamnion sepositum (Gunnerus) Maggs & Hommersand 
Ahnfeltia plica/a (Hudson) Fries 
Antithamnione/la floccosa (0 F MUl ler) Whit t ick 
Asparagopsis armata Harvey (Fal kenbergia s tage] 
A udouinell/a a/ariae (Jonsson) Woel kerl ing 
A udouinella daviesii (Dil lwyn) Woelkerling 
Audouinella membranacea (Magnus) Papenfuss 
Audouinel/a parvula (Kyl in )  D ixon 

Audouinella purpurea (Lightfoot) Woelkerling 
Audouinel/a secunda/a (Lyngbye) Dixon 
Audouinella virgatula (Harvey) Dixon) 
Bangia atropwpurea (Roth) C Agardh 
Boergesenie/la fmticulosa (Wulfen) Kylin 
Bonnemaisonia hamifera Hariot [Trai l l ie l la phase] 
Brongniartella byssoides (Goodenough & Woodward) Schmitz 

Callithamnion corymbosum (1 E Smi th) Lyngbye 
Callithamnion granulatum (Ducluzeau) C Agardh 
Callithamnion tetragolllt/11 (Withering) S F Gray 
Cal loco/ax neglect us Batters 
Cal/ophyllis crista/a (Turner) Ktitzi ng 
Ca/lophyllis /aciniata (Hudson) Ktitzing 
Catenella caespitosa (Withering) L Irvine 

Ceramium cimbricum H Petersen 
Ceramium deslongchampsii Duby 
Ceramium diaplwnwn (Lightfoot) Roth 
Ceramium nodulosum (Lightfoot) Ducluzeau 
Ceramium shuttleworth iallltm (Kuetzi ng) Rabenhorst 
Ceramium striclum sensu Harvey 
Ceratocolax harlzii Rosenvi nge 
Chondrus crispus Stackhouse 
Choreoco/ax polysiphoniae Reinsch 
Chyloc/adia verlicillata (Lightfoot) Blidingia 
Coccotylus trunca/us (Pallas) M Wynne & 1 Heine 
Colacodictyon ret iculatum (Batters) J Feldmann 

Coral/ina officina/is Li nnaeus 
Cordylecladia erecta (Grevi J Je)  J.Agardh 
Cruoria pel/ita (Lyngbye) Fries 
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Cryptopleura ramosa (Hudson) Li ly  Newton * 7 8 9 
Cystoclonium p111pure11111 (Hudson) B atters * 7 8 9 
Delesseria sang11inea (Hudson) Lamouroux * 7 8 9 
Dilsea camosa (Schmidel) Kuntze * 7 8 
Dlilnontia contorta (S Gmel in)  Ruprecht * 7 9 
E1ythroc/adia irreg11laris Rosenvinge 7 
E1ythrogloss11111 laciniat111n (Lightfoot) Maggs & Hommersand 
Erythrotrichia camea (Dil lwyn) J Agardh 7 8 9 
Fosliella sp. 
Furcellaria l11mbricalis (Hudson) Lamouroux * 7 8 9 
Gelidi11111 p11sillum (Stackhouse) Le Jol is  � 

Gloiosiphonia capillaris (Hudson) Berkeley 
? Gracilaria gracilis (Stackhouse) Steentoft, L Irvine & Farnham 7 8 
Griffithsia corallinoides (Linnaeus) Trevisan ;i: 7 8 9 
Halarachn ion lig11latliln (Woodward) Kuetzing * 7 
J-lalosacciocolax kjel/manii S Lund 
I-lal11rtts jlosC11los11s (Lightfoot) I<Utzing * 7 8 9 
Haraldiophy/111111 bonnemaisonii (Kyl in)  A Zinova * 

Helminthora divaricata (C Agardh) J Agardh 
Heterosiphonia pl11mosa (El lis) Batters * 7 8 9 
Hildenbrandia crouanii J Agardh 
Hildenbrandia mbra (Sommerfe ldt) Meneghini 8 9 
Hypoglossum hypoglossoides (Stackhouse) F Coll ins & Hervey * 7 8 9 
Kallymenia renifonnis (Turner) J Agardh * 

Lithophyllu1n crouanii Fosl i e  
Lithophyllum incrustans Phi l l i pp i  
Lithophyll11111 orbicu/atll/11 (Foslie) Fosl ie 8 
Lithothamnion glaciate Kjellman 
Lithothamnion sonderi Hauck 8 
Lomentaria articulata (Hudson) Lyngbye * 9 
Lomentaria c/avel/osa (Turner) Gai l lon * 7 8 9 
Lome111aria orcadensis (Harvey) Taylor * 

Mastocarp11s stellatus (Stackhouse) Guiry * 9 
Meiodiscus spetsbergensis (!<jel l  man) S aunders & McLachlan 8 9 
Melobesia membranacea (Esper) Lamouroux 8 
Membranoptera a/ata (Hudson) Stackhouse 7 8 9 
Nemalion helminthoides (Vel ley) Batters * 

Nitophyllum p11nctatu111 (Stackhouse) Grevi l le * 7 8 9 
Odonthalia de111ata (Linnaeus) Lyngbye * 7 9 
Osmundea hybrida (De Candol le) N am * 

Osmundea pinnatifida (Hodson) Stackhouse 
Palmaria palma/a (Linnaeus) Kuntze * 7 8 9 
Peyssonelia dubyi P Crouan et H. Crouan 7 8 9 
Phycodrys mbens (Linnaeus) Batters * 7 8 9 
Phyllophora crispa (Hudson) Dixon * 7 8 9 
Phyl/ophora pse11doceranoides (S Gmel in)  P Newroth & A R A Taylor 7 8 9 
Phymatolithon calcareum (Pal l as) Adey & McKibbin  * 

Phymatolithon laevigatum (Foslie) Foslie 
Phymatolithon /amii (Lemoine) Chamberla in 8 
Phymatolithon lenormandii (Areschoug) Adey 8 9 
Phymatolithon purp11reum (P Cronan & H Crouan) Woelkerling & L Irvine 8 
Phymatolithon te1111e (Rosenvinge) Duwel & Wegeberg 9 
Plocami11111 cartilagineum (Linnaeus) Dixon * 7 8 9 
Pl11maria pl11mosa (Hudson) Kuntze 7 8 9 
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Pneophyl/wn caulapae (P Crouan & H Crouan) P Jones & Woelkerling * 

Pneophyllu111 confervicola ( Kuetzi ng) Chamberlain 
Polyides rolundus (Hudson) Grevil le * 7 8 9 
Polysiphonia {1//cllllica Kapraun & J Norris :-:;: 

Polysiphonia brodiaei (Di l l wyn) Sprengel * 

Po/ysiphonia elongata (H udson) Sprengel ,.;: 7 8 9 
Polysiphonia elongella Harvey 9 
Po/ysiphonia fibrata (Di l l wyn) Harvey * 

Polysiphonia fibrillosa (Di l l  •vyn) S prengel 9 
Polysiphonia fircoides (Hudson) Grevi l i e  * 7 8 9 
Polysiphonia Ianasa (Li nneaus) Tandy * 7 8 9 
Po/ysiphonia nigra (Hudson) Batters * 7 8 9 
Po/ysiphonia slricw (Di l lwyn) Grcvi l le  7 8 9 
Porphyra wnplissima (Kjel lman) S etchell  & Hus * 

Porphyra /eucosticta Thuret * 

Porphyra umbilical is ( Linnaeus) KUtzing * 

Porphyropsis coccinea (Areschoug) Rosenvi nge * 

Porphyrostromiurn ciliare (H arvey) M Wynne 
Pterosiphonia parasitica ( Hudson) Falkenberg * 7 8 9 
Pterothamnion plumula (El l is )  Nage l i  * 7 8 9 
Pti/ota gunneri P Si lva, M aggs & L irvine * 7 8 9 
Ptilithlll1111ion plruna (Di l lwyn) Thuret 7 8 9 
Rhodome/a confervoides (Hudson) P S i lva 7 8 9 

Rhodome/a lycopodioides (Linnaeus) C Agardh * 7 9 
Rhodophyllis divaricata (Stackhouse) Papenfuss * 7 8 9 
Rhodophysema elegans (J Agard h) D ixon * 

Rhodothamn iella floridula (Dill wyn) 1 Feldmann * 7 8 9 
Sahlingia subintegra (Rosenvinge) Kornmann 
Scagelia pusilla (Ru precht) Athanas iadis * 8 
Scinaia furce/lata (Turner) J Agardh * 7 9 
Seirospora internrpta (J E Smith) Schmitz * 7 8 9 
Spermothamnion repens (Di l lwyn) Rosenvinge 7 8 9 
Stylonema alsidii (Zanardini)  K Drew 7 8 9 
Titanoderma corallinae (P Crouan & H Crouan) Woel kerl ing, Chamberla in & P Si lva 9 
Titanodemw pustulatum (Lamouroux) Nage l i  8 

Fucophyceae (Phaeophyta) 
Acinetospora crinila (Harvey) Kornmann 9 
Acrothrix gracilis Kyli n * 9 
A/aria esculenla (Linnaeus) Gre vi l le  9 
Ascophy//um nodosul/1 (Linnaeus) Le Jol is  * 

Asperococcus compressus W J Hooker * 7 8 
Asperococcus fistulosus (Hudson) W J Hooker * 7 8 9 
Asperococcus bul/osus Lamouroux * 7 8 9 
Chilionema oce/latum (Kuetzing) Kuckuck 
Chi/ionema replans (P Crouan e t  H Crouan) Sauvageau 8 
Chorda fi!uJn (Linnaeus) Stackhouse �: 7 8 9 
Chordariajlagel/iformis (0 F MUl ler) C Agardh * 

C/adostephus spongiosus (H udson) C Agardh * 

Colpomenia peregrina (Sauvageau) C Agardh 
Cutleria multifida (Mertens) De Notaris [incl udes Aglaozonia stage] * 7 8 9 
Desmarestia aculeata (Linnaeus) Lamouroux * 7 8 9 
Desmarestia ligulata (Lightfoot) Lamouroux * 

Desmarestia viridis (0 F MUl ler) Lamouroux * 7 8 9 
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Dictyosiphon chordaria Areschoug ;!: 

Dictyosip/1011 foenicu/aceus (H udson) Grevi l l c  * 7 9 
Dictyo/({ dicl10to111a ( Hudson) Lamouroux " 7 8 9 
Ectocarpus fascicu/atus H arvey 7 8 9 
Ectoc(//plls siliculosus (Di l l wyn) Lyngbye * 7 8 9 
E/achista jlaccida ( D i l l wyn) Arcschoug 8 
E/achista jircico/a (Ve l  ley) Areschoug * 9 
E/achista scutula/a (J E Smith) Duby 
Endodicryon infestans Gran 
Eudesme virescens ( Berkeley) J Agardh * 

Fucus ceranoides Linnaeus * 

Fucus distichus Linnaeus ,;: 

Fucus evanescens C Agardh * 

Fucus serratus Linnaeus * 9 
Fucus spira/is Linnaeus :-;: 

Fucus vesicu/osus Linnaeus * 9 
Ciraudia sphace/arioides Derbes & Sol ier :;: 9 
Cononema aecidioides (Rosenvinge) P Pedersen :� 

Halidrys siliquosa (L innaeus) Lyngbye * 7 8 9 
Hecatone11w macu/ans (F Co l l i ns) Sauvageau 8 
f-le1ponema velutinum (Grevi l le)  J Agardh 
!-limanthalia elongata (Lin naeus) S Gray * 

!-lincksia granulosa (J E S mi th) P S i lva * 7 8 9 
!-lincksia hincksiae (H arvey) P S i l va 8 
Hincksia ovata (I<j el l man) P Si lva 
Hincksia swrdriana (Znanrdin i )  P S i lva 
Hincksia secunda ( I<uetzing) P S i l va 7 8 
lsthmoplea sphaerophora ( Harvey) Kje l l man " 7 8 9 
Laminaria digitata (H udson) Lamoureux * 7 8 9 
Laminaria lryperborea (Gunnerus) Fos l ie  * 7 8 9 
u1minaria /ongicmris De Ia Pylaie * 7 8 9 
uuninaria sacclrarina (Linnaeus) Lamouroux * 

Laminariocolax tomentosoides (Farlow) Kyl in 
Leatlresia d({formis (Lin naeus) Areschoug * 9 
Leptonematel/a jasciculata (Rei nke) P S i lva 
Litosiplwn /aminariae (Lyngbye) Harvey * 7 8 9 
Mesogloia Ianasa P Crouan & H Crouan * 

Mesogloia venniculata (J E Smi th)  S Gray * 

Mikrosyplrar polysiplron iae Kuckuck 
Mikrosyphar porphyrae Kuekuck 
Myriactula areschougii (P Crouan & H Crouan) G Hamel 
Myriactula clandestina (P Crouan & H Crouan) J Feldmann 
Myrionema comnnae Sauvageau * 7 8 9 
Myrionema papillosun1 Sauvageau 
Myrionema strangulans Grevi l l e  * 7 8 9 
Myriotrichia clavaefomris H arvey 7 8 9 
Pelvetia canaliculata (Linnaeus) Decaisne & Thuret * 

Petalonia fascia (0 F Mlil ler) Kuntze * 

Petrodenna maculifomre (Wo l l ny) Kuckuck 
Plraeostroma puswlosrun Kuckuck 
Pilayella lilloralis (Linnaeus) Kjel lman * 9 
Pogotriclurm filifomre Rei nke 8 9 
Protectocarpus speciosus (B orgesen) Kornmann 
Pseudolithodemw exlensum (P Crounn & H Crouan) S Lund 7 8 9 
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Punctaria /atifo/ia Grevei l le  9 
Punctaria plantaginea (Roth) Greville 
Ptuzctaria tenuissima (C Agardh) Greville 
Ralfsia vermcosa (Areschoug) Areschoug 
Saccorhiza polysch ides (Lightfoot) Batters 7 8 9 
Sauvageaugloia chordariaeformis (P Crouan & H Crouan) Kyl in  * 9 
Sauvageaugloia griffithsiana (W Hooker) Kylin * 8 9 
Scytosiphon /omen/aria (Lyngbye) Lin k  * 7 
Sorocarpus micromoms (Bory) P S il va * 9 
Spermatoch1111S paradoxus (Roth) Ktitzing * 7 8 9 
Sphacelaria arctica Harvey 
Sphace/aria cirrosa (Roth) C Agardh * 7 8 9 
Sphace/aria fusca (Hudson) S Gray 9 
Sphace/aria mirabilis (Batters) Prud' homme van Reine 
Sphace/aria nana Ktitzing 7 
Sphace/aria plumigera Hauck * 

Sphacelaria p/umosa Lyngbye * 7 8 9 
Sphace/aria rigidula Kuetzing 8 
Sphaerotrichia divaricata (C Agardh) Kyl i n  
Spongonema tomentoswn ( Hudson) Ktitzing * 

Sticytosiphon griffithsianus (Le Jol is) Holmes & B atters 7 8 
Stictyosiphon sorifems (Reinke) Rosenvinge * 7 8 
Stictyosiphon forti/is (Ruprecht) Reinke * 7 8 
Stilophora tenella (Esper) P S i lva * 9 
Stragu/aria clava/a (Harvey) G Hamel 
Streblonema breve (Sauvageau) De Toni 
Streb/onema fasciculatum Thuret * 

Streblonema parasiticum (Sauvageau) Levring 
Streb/onema sphaericum (Derbes & Sol ier) Thuret 
Ulonema rhizophora Fosl ie 7 

Chlorophyceae 
Acrochaete /eptochaete (Huber) R Nielsen 
Acrochaete viridis (Rein ke) R Nielsen 
Acrochaete wiltrockii (Wi l le) R Nielsen 
B/astophysa rhizopus Reinke 7 8 9 
Blidingia minima (Ktitzing) Kyl i n  
Bo/bocoleon pilifemllt N Pringsheim 7 8 9 
Bryopsis hypnoides Lamouroux 
Bryopsis plumosa (Hudson) C Agardh * 7 8 
Capsosiphon fulvescens (C Agardh) Setchell & N Gardner 
Chaetomorpha linwn (0 F M U l ler) Ktitzing 
Chaetomorpha mediterranea (Ktitzing) Ktitzing 7 
Chaetomorpha melagon ium (Weber et Mohr) Ktitzing 7 8 
Cladophora albida (Nees) Ktitzing 8 
Cladophora dalmatica Ktitzing 8 
Cladophora lwtchinsiae (Di l lwyn) Ktitzing 
Cladophora pygmaea Reinke 
Cladophora mpestris (Linnaeus) Ktitzing * 7 8 9 
Cladophora sericea (Hudson) Ktitzing 
Codium fragile (Suringar) H ariot ssp. atlanticum (Cotton) P S i lva 
Derbesia marina (Lyngbye) Solier [ including Hal icystis stage] * 7 9 
Enteromorpha clathrata (Roth) Grevi l le * 8 
Enteromorpha compressa (Linnaeus) Nees 
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EnteroJIIOlplta jlexuosa (Wu l  fen) J Agard h 9 
Enteromorp!ta intestinalis (Linneaus) Nees * 7 9 
Enteromorp!ta muscoides (Clemente y Rubio) Cremades 7 
Enteromorp!ta prolifera (0 F MUl ler) J Agardh * 8 9 
Enteromorp!ta ra/fsii Harvey 7 
Entocladia perfomns (Huber) Levring 
Epicladia flustrae Reinke 
Eugomontia sacculata Kornmann 8 9 
Ochloclwete ferox Thwaites 7 8 9 
Ostroebium queketii Bornet & Flahau l t  
Percursaria percursa (C Agardh) Rosenvinge * 8 9 
Prasiola crispa (Lightfoot) Ktilzing 
Prasio/a stipitata Jessen 
Phaeophila dendroides (P Crouan & H Crouan) B atters 8 
Pringsheimiel/a scuta/a (Reinke) Marchewianka 7 8 9 
Pseudodictyon injlatum Ercegovic 8 
Pseudendocloniumfucico/a (Rosenvinge) R Nielsen 
Rhizocloniwn tortuosum (Di l lwyn) Ktitzing 8 9 
Spongomorpha arc/a (Dil lwyn) KUtzing 
Spongonema aerug inosa (Linnaeus) van den Hoek [Chlorochytrium inclusum stage) 8 
Ulothrixjlacca (Di l lwyn) Thuret 
U/othrix speciosa (Harvey) KUtzing 7 8 9 
Ulva /actuca Linnaeus * 

Ulva rig ida C Agardh 7 
Vivaria fu sca (Postels & R uprecht) Ruprecht 
Ulvel/a lens P Crouan & H Crouan 
Ulvopsis grevillei (Thuret) Gayral 
Urospora penicil/ifonns (Roth) Areschoug 8 
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DEVELOPMENT OF A BIOTIC SCORE FOR THE ASSESSMENT OF TI-ffi 
ECOLOGICAL QUALITY OF TI-ffi RIVERS AND STREAMS OF MADEIRA 

SAMANTHA J .  HUGHES & MIKE T. FURSE 

INTRODUCTION 

HUGHES, S .J .  & M.T. FURSE. 200 1 .  Development of a biotic score for the 
assessment of the ecological qua l i ty of the ri vers and streams of Madeira. 
A rquipelago.  Life and Marine Sciences . Supplement 2 (Part B) : 1 9-32.  Ponta 
Delgada. ISS N  0873-4704 . 

M acro- invertebrate assemblages are commonly used to assess the impact of anthropogenic 
act iv i ty on rivers. The results are quant ified and expressed as biotic index values. M any 
ecological assessment methods exist  and the resul ts are used in  catchment management 
planning. Methods developed for the surface waters of continental Europe are not readi ly  
applied to Madeira because of the very low biodiversity of  the Madeiran macro- invertebrate 
fauna. The most diverse macro-invertebrate family in M adeira is the Chironomi dae wi th  an 
esti mated 77 species. Stat ist ical analysis of data derived from macro-invertebrate samples 
col lected in 1 99 1 -92 resulted in  the development of an experimental b iotic i ndex, whic h  
was tested o n  a new i ndependent  data-set generated from a field col lec t ion programme 
canied out in 1 997. Some resul ts of the application of the experimental index and the 
Chironomid Pupal Exuviae Technique (CPET), a separate ecological assessment method, 
are anal ysed and d iscussed. The need for further test ing and devel opment is described. 

Samanllw J. Hughes (e-mail: samjhughes@holnwil. com), Laboral6rio Regional de 
Engenharia Civil, Depanamenlo de Recursos Nalllrais e de 1-fidrwilica, Caminho de 
Esmeralda, PT- 9000 Funcha/, Porlltgal. - Mike T. Furse Cenlre for Ecology and 

Hydrology CEl-l Dorsel, Winfrilh Technology Cen/re, Winfrilh Newburgh, Dorchesler, 
Dorset DT2 8ZD, UK. 

The isl and of Madeira (32°30' N - 33°30' N, 
1 6°30' W - 1 7°30' W) has an estimated 234 
streams and rivers wi thin 126 catchments (LNEC 
1 994) . The streams are most ly  spring-fed with a 
short, steep profile running t hrough sheer-sided 
val leys. A lthough the species richness of these 
streams is low, in  comparison with mainland 
Europe (MALMQVIST 1 988) ,  approximately 30% 
of the aquatic macro-invertebrate species found in 
Madeira 's  surface waters are endemic (STAUDER 

1 99 1 ;  HUGHES et a\ .  1 998) . 

as levels of i ndustrial isation and c iv i l  construction 
increase. Effective, in tegrated management is 
important in order to monitor and to maintain or 
i mprove water and environmental qua l i ty .  

The European Community has establ ished 
numerous d i rectives on water pol icy, inc lud ing 
the proposal for an Ecological Qual i ty of Water 
(Commission of the European Communit ies 
1 994 ) . These have recently been brought together 
under an amended proposal for a Council 
Direct ive establ ishing a framework for 
Community action i n  the field of water pol icy 
(Commission of the European Communities 
1 998) .  In common with most regions of the world, the 

aquat ic resources of Madeira are subject to 
increasing pressure as modern society demands a 

reliable water supply and a pleasant environment 
in  which to live and work. Thus, i ncreased 
effluent d ischarge and habitat  destruction occurs 

Both chemical and biological monitoring 
programmes p lay important roles in  water qual i ty 
management .  Chemical moni toring provides 
valuable information on water qual i ty a t  the t ime 
of sampl i ng. Ecological monitoring systems 
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employ elements of freshwater biological 
communit ies (usua l l y  macro-invertebrates) i n  
order to appraise the q ual ity of running-water 
si tes. The structure of the community of a site is 
synthesised i nto a score representing that si te's 
ecological qual i ty .  The score is usual ly derived 
via a s imple mathematical formula or index.  
General ly a h igher score i ndicates good 
ecological qua l i ty and a lower score indicates 
environmental stress .  

In most regions of the world, aquat ic macro
invertebrates are part icular ly popu lar for 
ecological assessment systems (EAS) .  This is for 
several reasons (FURSE et a l .  1 990) : ( i)  a d iverse 
array of macro- invertebrate taxa can be found at  
a lmost a l l  unpol l uted sample si tes, ( i i )  the 
sedentary nature of macro- invertebrates a l lows the 
presence or absence of key species to be related to 
environmental conditions at the sampling s i te over 
a period of t ime, ( i i i )  taxa are comparatively easy 
to identify to the levels needed for biological 
i ndexat ion, with many taxonomic keys readi ly 
available and ( iv)  sampl ing IS relat ively 
i nexpensi ve.  

A wide variety of b iotic indices have been 
developed that make use of macro-invertebrate 
assemblages to quantify the extent of pol lut ion of 
watercourses (HELLA WELL 1 986; METCALFE

SMITH 1 994) and to present th is  in a form of 
simple numerical  va lues or colour-coded maps. 
The use of i ndex values and maps al lows 
i nformation on the condit ion of rivers to be 
presented in  a way which h igh li gh ts the problem 
rivers and s i tes and permi ts comparison with a 
variety of other factors including, for example, 
catchment geology, l and use and the location of 
known effluent discharges, waste s i tes or 
abstraction points .  Most European countries have 
a form of biot ic i ndexation that they use to 
evaluate the ecological condi t ion of their r iver 
network. However none have been developed 
specifical ly for Madeira. 

A regional EAS for Madeira is  now under 
development, based on  the composition of benthic 
macro-invertebrate assemblages. An essent ia l  
feature of this system is  considered to be that  i t  
attributes a high score to si tes where rare 
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assemb lages or rare endemic species are present .  
Idea l l y ,  i t  a lso needs to  take account of the 

extreme seasonality of the island ' s  streams, the 
low levels of d iversity and ind ividuals occurring 
at sites, the paucity of pol lu t ion intolerant  taxa 
(clean water taxa) and the preponderance of 
pol lut ion tolerant taxa . .  

In  th is  paper, t he testing of two types o f  EAS 
is  described and the performance of each is 
evalua ted. The first is an experimental i ndex 
devised through col laborat ive work between the 
Laborat6rio Regional de Engenharia Civ i l ,  
Departamento de Recursos Naturais e de 
Hidraul ica (LREC/DRNH) in Madeira and the 
Inst i tute of Freshwater Ecology (IFE) i n  the 
Un i ted Ki ngdom. This takes account of the ful l  
range of macro-invertebrates present. 

The second EAS is the Chironomid Pupal 
Exuviae Technique (CPET), developed in  the UK 
(Wl.LSON 1 983) .  The Chironomidae are ubiqu i tous 
members of the macro-invertebrate fauna 
(CRANSTON 1 995)  and CPET is  used to analyse 
the d i vers i ty and the relat ive tolerance of selected 
species of th is fami ly. Co l lections made in 1 995 
and 1 996 revealed the Chironomidae to be the 
most d iverse aquatic macro-invertebrate fam i ly on 
Madeira, with an estimated 77 species. (HUGHES 
& MURRAY in press). S ince aquatic chiro nomid 
larvae are exposed to local environmental  
cond it ions, but  the winged adults ensure effective 
d ispersal and colonisation, characteristic 
chironomid species assemblages can be rel ated to 
certain forms of environmental stress. Thus, 
ch ironomid communi t ies can be sampled a long 
the whole r iver system (WILSON 1 996), a l though, 
in practice, CPET has been more widely used in 
large, deep rivers (e.g. RUSE & WILSON 1984, 
1 995 ;  W ILSON 1 994; W ILSON & W ILSON 1 985) .  

The Ch ironomidae are often overlooked i n  
biological moni toring d u e  t o  perceived difficul t ies 
in identification (MURRAY 1 996). However, 
chironomid pupal exuviae (the cast pupal sk in left 
on the water surface as the adu l t  emerges) are 
both easi ly col lected from the water surface and 
identified, making them suitable for b io logical 
monitoring. 



MATERIAL AND METHODS 

DEVELOPMENT OF THE MADEIRAN B IOTIC SCORE 
(MBS) 

Development of a biotic i ndex termed the 
Madeiran B iotic Score (MBS) was based on bi
monthly macro-invertebrate collected dur ing 1 99 I 
and 1 992 (Hughes unpubl ished) .  Macro
invertebrate samples were taken over a five
minute period by kick sampl ing using a hand-net 
(250 JJ.m mesh) , moving across the river bed and 
upstream. Coarser substratum was sampled by 

hand . The biological samples were placed in 70% 
ethyl alcohol on s i te. A total of 1 36 samples from 
28 s i tes in s i x  catchments was considered (Fig. 1 ,  
Table 1 ) .  Al l  i nvertebrate taxa were identified to 
the best achievable level using exist ing keys and 
special ist taxonomic advice. 

A variety of techniques, including biot ic 
indices, mult ivariate statistics and d ivers i ty 
indices were explored in order to develop the 
most appropriate system for Madeira (HUGHES 

1995). Also examined were the ratios of the 
abundance or frequency of occurrence of a l l  
i nd ividual taxa wi th  the  s ingle taxon thought to be 
most tolerant of pol lut ion. 

Ribeira de Sao Vicente 

Ribeira Brava 

Fig. 1 .  The 1 99 I sampl ing programme. 

In the latter approach the chironomid taxon, 
Chironomus cf. riparius was the standard 
pol lu t ion-tolerant taxon whose presence was taken 
as indicati ve of organic pollution. This 
cosmopol itan genus is  characterised by the 
presence of haemoglobin in i ts vascular system 
which al lows it tolerate low levels of d issolved 
oxygen i n  the water. Taxa co-occurring with 
Chironomus cf. riparius, particularly where both 
were abundant, were taken to be pol lution tolerant 
and the converse logic was appl ied to taxa with 
few, i f  any, co-occurrences. It was in i t ia l ly 
in tended that the derived po l l ut ion tolerance of 
individual taxa based on  their rates of co
occurrence/abundance with Chironomus cf. 
riparius could be used to formulate an i ndex 

Ribeira Frio/do Faial 

Ribeira de Machico 

Ribeira de Santa Cruz 

Ribeira de Sao Joao 

system, a l though th is  approach was later confined 
to forming one stage in the development of a 
more promising al ternative. 

T here were considerable similarit ies in  t he 
range of taxa ident i fied as being i ndicators of 
environmental stress by both mult ivariate analyses 
and use of Chironomus cf riparius to cal ibrate the 
pollut ion tolerance of other taxa. Of the exist ing 
European indices, the Brit ish B iological 
Monitoring Working Party (BMWP) system 
(HAWKES 1997) and i ts Iberian equivalent 
(BMWP ' ALBA-TERCEDOR & SANCHEZ
ORTEGA ( 1 988)) seemed to provide the best 
summary statistic of the ecological qua l i ty of the 
s i tes in relation to those taxa most associated with 
the presence o f  Chironomus cf. riparius I n  the 
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BMWP/BMWP' systems, scores were a l located 
to macro- in vertebrate "fami l ies" on the bas i s  of 
the ir  percei ved tolerance to organic pol lu t ion .  
High scores were g iven to po l lution- in tolerant 
taxa and low scores to those that are pol l ut ion
tolerant .  The B MWP score for a s i te is the sum of 
the scores of the ind iv idua l  fami l ies present. The 

ASPT is  the Average Score Per Taxa present at 
the s i te, (= B MWP s i te score I number of scoring 
taxa) and is a measure of the average pol l ut ion 
to lerance of the taxa present. The ASPT i s  less 
effort dependant and hence more rel iable than the 
tota l  score and was used as the pr imary basis for 
the development of the MBS. 

River Name 
Machico 

Santa Cruz 

Sao Joao 

Brava 

Sao V icente 

Frio 

Table 1 
Summary of the test si tes sampled in I 99 1 .  

Site no 
J 
2 
3 
4 
5 

2 
3 
4 
5 
6 
7 
8 

2 
3 

2 
3 
4 

Perceived sources of environmental impacts 
Domestic, organic discharge 
Domestic, organic discharge & detergents 
Domestic, organic discharge 
Domestic, organic discharge 
Domestic. organic discharge 
None 
Leachates from a open waste t ip 
Leachates from a open waste t ip 
None 
Organic, piggery discharge 
Organic, pi ggery discharge 
Di luted domestic, organic discharge 
Domestic, organic discharge 
Domestic, organic  discharge 
Domestic, organic discharge, sediments in suspension 
Domestic, organic d ischarge, sediments in suspension 
None 
Organic discharge from abattoir  
Organic discharge from abattoir 
None 
None 

2 None 
3 None 
4 
I 
2 
3 
4 

Dilute domestic, organic d ischarge 
None 
Disch arge from trout hatchery 
None 
Occasional substratum removal 

Despi te the reduct ion i n  effort dependency, a 
shortcoming of the ASPT approach i n  Madeira 
was st i l l  the d i fficu l ty of obta in ing rel iable i ndex 
va lues at  s i tes with natura l ly low faunal d iversi ty 
(e.g.  upland, spatey, cold s i tes wi th  low habitat 
d iversity). Index values derived from a wide range 
of taxa are less prone to sampl ing variation t han 
t hose based on a small range of taxa.  

assessing the qual i ty of s i tes. Inevitably,  d iversity 
had to be considered, since low d iversi ty is  a 
widely used measure of environmental stress 
(WrLSON 1 9 8 3 ;  WASHINGTON 1 9 84), but account 
a lso needed to be taken of the rela t ive number of 
high a nd low tolerance taxa present a t  the s i te 
s ince a species-r ich assemblage contain ing many 
pol lut ion tolerant taxa is  i ndicat ive of the early 
stages of organ ic  pol l ut ion.  In order to overcome the intr ins ic problems of 

low faunal d i vers i ty, the  new i ndex for Madeira 
needed to take account of two factors when 
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The fo l lowing approach to i ndex development 
was adopted : 



- a l l  rare taxa wi th fewer than ten occurrences 
out of the 1 36 samples in the data-set were 
e l iminated as bei ng too infrequent to have rel iable 
i nd icator values assigned to t hem. Of the 53 taxa 
in  the data-set, on ly  3 1  were reta ined as potential 
indicator taxa after this fi l ter was appl ied . 

- the ASPT value of each of the 1 36 samples 
was calculatecl , based on the fu l l  complement of 
taxa present and not j us t  the 31 potent ia l  indicator 
taxa. The Iberian (BMWP')  range of taxon scores 
was used, as being l i kely to be more appropriate 
than the B ritish vers ion.  

- the occurrences of each of the 3 1  retained 
taxa in  each sample were correlated with the s i te 
ASPTs. 

Taxa whose occurrences were ind icat ive of 
unpo l l uted s i tes had pos i t ive correl lll ion 
coefficients and those indicat ive of pol luted si tes 
had negat ive coefficients.  The magni tude of the 
coefficient was a measure of the i nd icative 
strength of the taxon .  Correlat ion coefficients 
were rounded down to the ir  fi rst dec imal point  
and mul t ip l ied by ten to give each of the 31  taxa 
i nd icator scores in  the theoretical range + 10 to -

1 0. 

The indicator scores ( I .S . )  were then used to 
create an index that took account of both the 
number of taxa present and their rela t i ve qual i ty 
( i .e. pol l ution tolerance). The d i vers ity 
contribution came from the sum of the scores of 
the posi t ive indicators present. The relat ive 
qua l i ty came from the quotient o f  the sum of the 
posit ive scores d i vided by the sum of the negative 
scores plus one. 

The i ndex (MBS),  der ived from only those 
ind icator taxa present at the s i te, was therefore 
expressed by the formula: 

l: Posi t ive l .S .  
MBS = L Positive J .S .  + ---,---=-----

(2: Negat ive l .S.) + I  

The addi t ion of one to the  negat i ve scores was 
to a void d ivis ion by zero where no negati ve 
indicators were present. 

Table 2 .  
The experi mental Madeiran B iotic Score (M BS).  The 
index comprises 28 indicator taxa. The highest scoring 
taxa are pol lu t ion i n tolerant .  The negat i ve scoring t axa 
are i ncreasingly tolerant o f  (main ly organic) pol l u t i on .  

The scores obtained are in t roduced in to t h e  formu l a  
g iven above. The formula i s  based upon t h e  d ivers i ty 

or indi cator taxa and their pol lut ion tolerance. 

Indicator Taxa 

Polycentropus flci l'Ostictus Hagen 
Limneph i l idae 
Tanytars in i 
Oryetl1im spinosella McLachlan 
J-Jydroptila sp. 
A nevi us f/ul'iatilis M U l ler 
Dugesia gonoceplw/a group (Duges) 
Tanypodinae 
Simulium sp. 
Hydropsyche maderensis Hagen 
Dtyops /uric/us Erichson 
llaetis rhodani Pictet 
Hydracarina 
Physa fontinalis (Li nnaeus) 
Dina linea/a (MU l l er) 
Eiseniella tetraedra (Savigny) 
Tubifex sp. 
Lwnbricu/us Pariegatus (Mul ler) 
Pisidium caserta/111111 (Po l i )  
Gyraulus pan'll5 (MUl ler) 

Lymnaea truncatu/a Mli l ler 

Limnophora sp. 
Asellus aquaticus Li nnaeus 
Physel/a acuta Drapamaud 
Pseudamnico/a coufusa (Frauenfeld) 
Chironomus cf ripari11s Meigen 
Psychod idae 
Nais s . 

Score 

5 

3 
2 
2 
2 
2 
2 

- 1  
- I  
- 1  
- 1  
- I  
- I  

- I  
-2 
-2 
-2 
-2 
-3 
-3 
-3 

" . . . . { 2: positive indicator scores } LJ pos1L1ve 1nd1cator scores + 2: ncga1ive indicator scores + I 

TH E  SCORING SYSTEM 

Fourteen pos i t ive indicators were identified 
with a total indicator score of 25 (Table 2). The 
h ighest pos i t ive i nd icator was the caseless caddis 
Po/ycentropus flavostictus Hagen with a score of 
+5 . 
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Fourteen negat ive indicators were a lso 
identified with a total ind icator score of -24 
(Table 2) . Three taxa had the lowest ind icator 
score of -3. These were Nais sp . ,  Psychodidae and 
Chironomus cf riparius. Three further taxa had 
indicator scores of zero and were excluded from 
calculations. The maximum theoretical index 
value for a site is 50 ,  where a l l  the posit ive 
indicators are present  but none of the negative 
indicators: 

MBS __ " p . . _ 1 S (25) 
2: Posi tive I .S . (25) 

max L.. OSI II ve . . + ---'=------'-----. 
(2: Negat ive I .S . (O)) + 1 

The minimum theoretical score for a s ite, 
when no taxa, or  only negat ive i ndicators are 
present, is zero. 

MBS . = " P  . . I S  (O) .L: Positive I .S. (O) 
mm L.. OSIIIVe . . + --='-------.....;_'-----

(2: Negative I .S . (any)) + I  

When applied to the 1 36 samples used to 
develop the system, the actual value range was 
from 24 (a sample from a si te at the top of the 
Ribeira Santa Cruz catchment) to zero (three 
samples from s ites in the Ribeira do Sao Joao 
catchment and one on the R ibeira B rava) . 

A prel i minary recommendation for bands of 
ecological quali ty, based on the cri teria described 
in the preceding section, was: 
- Band A (good ecological qual i ty) ; i ndex val ues 

� 1 8  
- Band B (fair ecological qual i ty);  index values 
= 12- < 1 8  
- Band C (poor ecological qual i ty) ; i ndex values 
=6 - < 1 2  
- Band D (bad ecological q ua li ty) ;  i ndex value <6 

On this basis, ten samples (7 %) were indexed 
as good, twenty-eight (21 %) as fair, forty-two as 
poor (3 1 %) and fifty-six ( 4 1 %) as bad. The 
further application and testing of th is system and 
i ts comparison with CPET form the primary 
objectives of the current study. 

CPET METHODOLOGY 

Quantitative collec t ions of floating chironomid 
pupal exuviae were made over a five minute 
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period at eac h test .  Sampl ing invol ved skimming 
the water surface at the shore with the hand net 
and picking up the flotsam amongst which pupal 
exuviae accumulate and often adhere. 

The col lected materia l  was sorted, enumerated 
and ident ified to predetermined taxonomic levels 
in  the laboratory. The assemblage composi t ion of 
chironomid pupal exuviae samples were 
quantified using the Shannon Weaver D ivers i ty 
Index (H) (S H ANNON & WEAVER 1949). A 
minimum number of 200 chironomid pupal 
exuviae is recommended for index calculation 
(WILSON 1983) .  

FIELD TESTING O F  THE MBS 

In order to test the MBS on i ndependent macro
invertebrate samples, a new sampl ing progra mme 
was conducted i n  1 997. A total of 15 si tes were 
sampled i n  five catchments; Ribeira da Mada lena, 
Ribeira B rava, Ribeira do Porto Novo, Ribeira do 
Juncal and R ibeira de Sao Jorge (Fig. 2, Table 3) .  
A prel im inary assessment of s i te  qual i ty was 
made, based on field observations of potential 
sources of environmental stress (Table 3 ) .  
Samples were col lected b i-monthly throughout the 
year but, with the exception of four March 
samples from the Ribeira do Porto Novo, only the 
May 1 997 samples are ana lysed here. 

Two types of standard sample were col l ected 
from each s i te on each visit .  The first type was a 
macro- invertebrate assemblage sample and the 
second was a collection of ch ironomid pupal 
exuviae. MBS index values were derived for each 
macro-invertebrate assemblage sample (Fig .  3 )  
and Shannon Weaver Divers i ty Index (H) values 
for each CPET sample (Fig. 4) .  

RESULTS 

The results of the macro-invertebrate based MBS 
showed that the experimental index values 
conformed wel l  to the perceived sources of 
environmental i mpacts operating at the test si tes 
(Table 3, Fig. 3) .  

The Ribeira do Sao Jorge sites (an apparently 
unpolluted r iver on· the north of the is land) 



attained scores that  range from good to fai r  (si te 1 
MBS = 25 .5 ,  s i te 2 MBS = 1 4 .86 and site 3 MBS 
= 1 6.25).  Further east, s i tes on the R ibeira do 
Junca l ,  a sma l l  stream with some organic load ing 
from domestic discharge, were classified from fai r  
to poor (site 1 M B S  = 1 5 .7 5 ,  s i te 2 M B S  = 1 5 .7 
and s i te 3 MBS = 1 1 . 1 1 ) .  

MBS val ues for R i be i ra d o  Porto Novo i n  
March and May 1 997 h igh l ighted t h e  unstressed 
condi tions of s i te 1 (MBS = 22 .5) ,  fol lowed by a 

Ribeira Brava 

Fig. 2 .  The 1 997 sampling programme. 

Table 3 .  
Summarised data of the test sites sampled in I 997 . 

River Name Site Perceived sources of 
no environmental impacts 

Sao Jorge None 
2 None 
3 None 

Juncal Domestic, organic discharge 
2 Domestic, organic discharge 
3 Domestic, organic discharge 

Porto Novo None 
2 Leachates from a waste 

treatment works 
3 Substratum abstraction, 

industrial d ischarge 
4 Substratum abstraction 

Brava None 
2 Domestic,organic discharge 

and rubbish dumping 
3 None 

Madalena None 
2 Substratum abstraction 

sharp dec l ine in ecological qual i ty at si te 2 (MBS 
= 8 .4) d ue to the influence of leachates emanating 
from the Meia Serra Waste Treatment S tation. 
The poor ecological qua l i ty at s ites 3 and 4 was 
due to the physical impact of substratum removal 
for use as aggregate in c iv i l  construction . No 
values were obtained for si tes 3 and 4 i n  May 
s ince they had no flow, due to the seasona l  
decrease i n  rainfa l l  and the d iversion of  surface 
waters in to the levadas for agricul tural i rr igation. 

Ribeira do Juncal 

S i te 1 on the R ibeira B rava was subjec t  to 
virtually no anthropogenic i nfluence and t h is was 
successfu l ly  reflected by i ts "good" MBS score of 
20. S ites 2 and 3, downstream from the v il lage of 
Serra da Agua were subject to domestic d ischarge 
and the dumping of domestic rubbish i n to t he 
watercourse. A "poor" MBS classification was 
attributed to these s i tes (MB S  si te 2 = 1 1 .67 and 
MBS s i te 3 = 1 1 .43) a l though they were both very 
c lose to 1 2 ,  which is the provisional upper l im i t  of 
Band C, "poor ecological qual i ty", and the lower 
l i mit  of Band B, "fa ir  ecological qual i ty". 

R ibeira da Madalena s i te 1 ,  situated in  a smal l  
lauriss i lva copse c lose to source, a lso exhib i ted 
good ecological qual i ty (MBS = 2 1 ) . S i te 2, 
s i tuated approxi mately 600m upstream from the 
river mouth ,  was heav i ly  impacted by heavy 
machinery constantly removing substratum for 
aggregate. The h ighly unstable nature of the 
r iverbed and sedi ments in suspension resulted in a 
very inhospitable envi ronment for aquatic 
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organisms, reflected in the "poor" cl assification of 
the si te (MBS = 1 0) .  

The CPET S hannon Weaver Divers i ty Index 
data (denoted as H) also yielded promising 
pre l iminary resu l ts for eco logica l evaluation of 
streams (Fig. 4).  However, the average number of 
pupal exuviae col lected per sample was 1 29 and 
several samples h ad l ess than  t he min imum 
number of 200 ch i ronomid pupal exu viae 
recommended for i ndex calculat ion (Wi l son 
1 983) .  Resu l ts based on less than the 
recommended number of spec i mens must ,  
therefore, be regarded wi th  caut ion.  

Ri beira do Sao Jorge s i tes showed rela t ive ly 
high H val ues, commensurate wi th  the h igher 
d i versi ty found at these unpo l l u ted si tes (site 1 H 
= 1 .4 1 7 ,  s i te 2 H = 1 . 7 1 2  and s i te 3 H = 1 . 346). 
Sites l and 3 showed s l igh t ly  lower H val ues clue 
to large numbers of pupae belonging to a single 
taxon (s i te 1)  or sma l l  sample s i ze (s i te 3) . R ibeira 
do Juncal had very s imi lar I-I va lues to those of 
Ribeira do Sao Jorge. The lower two si tes 
suffered from i ncreasing organic i nput and had 
s l ight ly lower I-I val ues than si te 1 .  It is possib le  
that  sl ight enr ichment of t hese s i tes may have 
caused an increase i n  d i versi ty. 

R ibeira do Porto Novo d i vers i ty val ues 
emphasised the h igh ecological qua l i ty of s i te l 

(March H = 1 . 855 ,  May H = 1 .997) and the rapid 
dec l ine in ecological qua l i ty a t  s i te 2 (March H = 
0.95,  May H = 0.474). The H value of s i te 3 in 
March (H = 1 .099) was based upon a sample s ize 
of on ly three pupa l exuviae and was not 
meaningfu l .  No pupal exuviae were collected 
from s i te 4. 

The divers i ty i ndex value for site l on the 
R ibeira B rava s i te 1 ,  with no percept ib le sources 
of po l l ut ion, was high (H = 1 .90). Si tes 2 and 3 
had s l igh t ly  lower d iversity values (s i te 2 I-I = 
1 .4 1 ,  S i te 3 H = 1 .0276) .  Low l evel s of d iversity 
at unpol lu ted s i te 1 at R ibeira da Madalena 
resu l ted in low H values (H = 0 .58) ,  whi lst an 
extremely sma l l  sample of  four pupa l exuv iae 
from s i te 2 (H = L . 39) mean t  that  no rel iable 
inferences could be made for th is site. 
Correlat ion of MBS val ues and S hannon Weaver 
Di versi ty Index (Fig. 5) val ues showed a pos i t i ve 
relat ionsh ip  (r=0.663 (p<O.O l )) .  S i tes wi th  h igh 
MBS val ues, resu l t ing from their relat ive ly h igh 
richness of posit i ve-scoring indicator taxa and low 
richness o f  negati ve-scoring indicators, a lso 
tended to have h igher ch ironomid d i vers i ty .  S i tes 
wi th low macro- invertebrate taxon r ichness, 
rela t ive absence of posit i ve i ndicators and 
predominant ly negat ive i ndicators exhibi ted low 
ch ironomid d i versity. 

� • · Siio Jorge 

Juncal 

-- Porto Novo (March) 

-lr-- Porto Novo (May) 

---o- [3rav a 

·.., . . • • . • . - • . • - . - . . . · D  lvl;JdalcJla 

�-----------------· 
10 

3 4 

Sites number 

Fig. 3 .  Madeiran B iotic Score for rivers sampled in March and May 1 997. 
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DISCUSSION 

Whi ls t  t he test ing and development of the 
Madeiran B iotic Score are s t i l l  i n  thei r 
prel iminary phase, i ni t ia l  results of the practica l 
application of the i ndex are promising. A total of 
five si tes were c l ass i fied as having good 

eco logical qual i ty (class A), four sites were 
class ified as having fai r  ecologica l  qua l i ty (c lass 
B) ,  five si tes exhib i ted poor eco logical qua l i ty 
(c lass C) and three s i tes were of bad ecological 
qua l i ty (class D) .  These classifications correlated 
wel l  with the known sources of environmental 
impacts operat ing on the test s i tes (Table 3 ) .  
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Thus, for example, a l l five of the MBS Class 
A sites were the furthest upstream sampl ing 
locations in  their catchment, some relati vely close 
to source, and were thus most isol ated from 
anthropogenic activ i ty. A t  each of these s i tes the 
top scoring positive i nd icator species 
Polycentropus flavostictus was present .  The 
second highest scoring posi t ive i nd icator, 
Limneph i l idae, was present in the samples 
collected from R. do Porto Novo s i te 1 i n  March 
and May. 

The Class B s i tes were characterised by the 
presence of lower scoring posit ive indicator taxa 
and an  i ncreased number of negat ive scoring taxa. 
Al though low l evel enrichment may have actua l ly 
i ncreased d iversity at these sites, strongly 
pol lution intolerant taxa were absent. 

The Class C si tes suffered from leachates, 
organic pol l u tion or extreme physical distmbance. 
These si tes were characterised by low levels of 
d iversity and the predominance of negative 
scoring indicator taxa. They thus attained total 
posit ive indicator scores of only 1 or 2 whi lst t he 
sum of negative i nd icator scores range between 0 
and -9. This reflected the extremely poor species 
richness of the s i tes. 

Further i nd ication of the usefulness of the 
MBS was derived from the comparative results 
obtained using CPET, a well tested and successful 
index of environmental s tress e lsewhere in Europe 
(RUSE & W ILSON 1 995,  WILSON & WILSON 
1 985). In the present study the correlation 
between MBS and the Shannon Weaver Diversi ty 
Index values obta ined from CPET sampl ing was 
significant at p<0 .0 1  level . Agai n  the tendency 
was for the upland near source s ites to have the 
h ighest species rich ness and h ighest H values (e.g. 
Ribeira do Porto Novo site 1 ,  R ibeira B rava s i te 1 
and Ribeira do Junca l s i te 1 ) ,  a l though there were 
notable exceptions i n  the most upstream sites on 
the Ribeira da Madalena s i te 1 and Ribeira do Sao 
Jorge s i te l .  In the two la tter s i tes, 88% and 60%, 
respectively, of the speci mens examined belonged 
to a single species .  A further except ion was site 2 
on the Ribeira do Sao Jorge, which only classified 
as fair using the MBS but had one of the h ighest 
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recorded H val ues o f  1 .7 1 2 . 
S i tes suffering sl ight organic pollut ion or 

physical d isturbance had lower H values of 
between 1 .4 1 7 - 1 .35 .  These included Ribeira do 
Juncal s i te 2 ,  Ribeira B rava s i te 2, Ribeira da 
Madalena site 2 and Ribeira do Sao Jorge s i te 3 .  
More heav i ly  polluted s i tes had H values ranging 
from 1 . 14 to 0.47 . These inc l uded the lower Porto 
Novo si tes and Ribeira do Juncal site 3 that 
suffered from the cumulat ive effect of organ ic 
pol lution. R ibei ra B rava s i te 3 a lso fel l  i nto t h is 
category. 

However, al though promtsmg, the tests 
undertaken on MBS and the appl ication of CPET 
in Madeira are sti l l  prel i minary and there are 
reasons to be cautious about their i ni t ia l  
performances . 

An example of the need for caution is the role 
o f  Polycentropus flavostictrrs and Limneph i l idae 
as posit ive i nd icators of good ecological q ua l i ty .  
A l though both taxa are strongly associated with 
the unpol lu ted sites, their restricted distribut ion in 
unpol luted, up land headwaters may also be due to 
other natural infl uences and these may 
compromise the range of si te type over which they 
can act as rel iab le indicators. Both are cold water 
stenotherms, requir ing high levels of dissolved 
oxygen (HUGHES 1 997) and the s i tes most sui ted 
to these ecological requirements tend to be 
situated at a l titude or close to source. Thus, whilst 
these i ndicator taxa wil l  contribute to h igh MBS 
index values at such s i tes they wi l l  not be present 
at s i tes outside of their range of physiological 
tolerance, i .e .  low a l titude and gradient si tes in  the 
main river channel . 

The s i tuation at the two downstream s i tes on 
the R i beira do Sao Jorge i l lustrated the problem. 
The upstream s i te 1 h ad an MBS value of 25 .5  but 
the respective va lues for the next s i tes 
downstream were 1 4.86 and 1 6.25.  A t  neither 
downstream site were Polycentropus jlavostictus 

or Limneph i l idae present. Although, there may 
have been undetec ted or diffuse sources of 
pollution affecting these si tes it is possible that the 
absence of the posi t ive indicators was because the 
sites, al though unpol luted, were outside the 



normal ranges of the two indicators. Without 
further research ,  this remains an issue for 
speculat ion but, if true, then two options may 
exist to modify the MBS.  

The first option is to  i ncorporate addi tiona l 
ind icators i n  the form of pol lution intolerant taxa 
characteristic of the lower reaches. This approach 
is unl ikely to succeed because the fauna of 
Madeira is now extremely well known (HUGHES 
et a l .  in press) and no such taxa are evident. The 
second option is  to acknowledge that the MBS 
values of the downstream reaches of Madeira's 
rivers are i ntrinsical ly lower than those for sites 
further upstream. In Brita in the resol ution of th is 
problem is being tackled in  two d ifferent ways. 
One is to use si te-specific reference states to 
define the unstressed fauna and index values of 
individual sites, and then to compare the observed 
fauna with the expected reference state (WRIGHT 
et al. 1993) .  The other is to have a variety of 
different scores for each of the ind icator taxa, 
according to the environmental character of the 
survey s i te. WALLEY & MARTIN ( 1 997) have 
adopted this approach in modifying the values of 
the BMWP system accord i ng to s i te type and 
individual taxon abundances. 

Another factor which needs to be resolved 
before the effectiveness of the MBS can be ful ly  
demonstrated is  that of  samp l i ng variabi l i ty. As 
stated earl ier, the low species richness of 
Madeiran rivers may resul t  i n  l arge d ifferences in 
MBS values through the fai l ure to capture the 
majority of the taxa present at a site at the t ime of 
sampl ing. CLARKE (2000) has demonstrated the 
i mportance of a knowledge of a l l  sources of 
vanatton m bioassessment, using macro
invertebrates, before confident j udgements can be 
made about the exist ing condition of s i tes and 
"true" temporal and spatial  d ifferences in their 
eco logical qual i ty.  A system of repl icate 
sampl ing, as adop ted by C larke, w i l l  be necessary 
to evaluate samp l ing variation in Madeiran rivers. 

Analyses of chironomid pupal exuviae 
collections, al though superfic ia l ly successful ,  also 
demonstrated the difficulties associated with the 
species-poor Madeiran fauna .  Thus, the range of 
H values (max imum H = 1 .99, minimum H = 

0.47) was much narrower than would be the case 

for an equiva lent set of freshwater si tes in 
main land Europe. Sample size, therefore, strongly 
influenced the rel iabi l i ty of the results obtai ned . 
Some samples comprised only four pupa l exuviae 
and these were c learly inadequate for calcu l at ing 
rel iable d iversi ty i ndex values. It is possible that 
the sampling method employed was not suitable 
for col lect ing a representat ive sample and setti ng 
drift nets over longer periods of t ime may prove 
more rel iable 

Other issues which need to be considered in  
applying CPET techniques in  Madeira are ( i )  t he 
appl icabi l i ty of the technique to the smal l ,  near
source streams which form the majority of the 
apparently unstressed s i tes in Madeira, ( i i )  the 
appl icab i l i ty of the number of po l lution tolerant v 
poll ut ion intolerant taxa ratio which characterise 
the interpretation of results in mainland Europe 
(WILSON 1 966) and ( i i i )  the seasonal i ty of i ndex 
values. 

To date the use of CPET in mai nland Europe 
has concentrated l argely, but not exclusively, on 
large lowland rivers where conventional macro
invertebrate pond-netting techniques are 
impractica l (WfLSON 1 996). Unti l  more extensive 
use of CPET i n  smal l  stream sites has 
conc lus ively demonstrated its worth in small 
streams in mainl and Europe its appl ication and 
interpretation in Madeira must be undertaken with 
caution. 

The i ndex of proportion of pol lution intolerant 
taxa was calculated for each test sample but failed 
to give meaningful results. This may be partly 
because of low numbers of taxa and specimens 
and partly because of the unsuitab i l i ty, i n  
Madeira, of  the  a l location of  taxa  to  pol lution 
tolerance categories. The avai labi l i ty of 
freshwater niches on Madeira, genera l ly pre
occupied by other taxa in  equivalent continental 
freshwater habitats, may mean that measurement 
of ch ironomid pol lution tolerance wi ll  have to be 
modified for Madeira. Furthermore endemic 
species of ch i ronomids from Madeira, some only 
recently d iscovered (HUGHES & MURRAY in  
press), may have different ecological  tolerances 
than closely a l l ied continental species with known 
tolerances. 
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Final ly, the in i t ia l  tri a ls have been conducted 
entire ly  on spring samples col lected in a s ingle 
year, whereas it is  known that both d iurnal and 
seasonal emergence patterns wi l l  affect the resul ts 
of d ivers i ty i nd ices (HUGHES 1 978 ) . The same 
shortcomings exist i n  the tes t ing of the MBS and 
the performance characterist ics and potential  
promise of the index at  other t i mes of the year and 
flow cond i t ions a lso rema in  to be examined . 

The nex t s tage in the development of the MBS 
is a more extens ive, m u l ti -seasonal test ing of the 
index, inc luding repl icate sampl i ng. This may 
lead to mod ificat ions in the l is t  of ind icator taxa 
and the scores assi gned to each, including the 
possibi l i ty of two d i fferent but compatible score 
systems for upper and lower stream reaches. 
Para l le l  test ing and development of the CPET, 
inc lud ing new, endemic taxa and the potential re
assignment of po l lut ion tolerance categories of 
other, more widespread taxa, wi l l  a lso be 
conduc ted. 

CONCLUSIONS 

Recent studies of the freshwater fauna of 
Tenerife (MALMQVIST et al. 1 993,  1 995) and 
Gran Canaria (NILSSON et al. 1 998) have clearly 
demonstrated the threat posed to the spec ial is t 
species and assembl ages of Macarones ia  by the 
reduction and degradation of flow in the islands 
rivers. I f  this threat is to be moni tored and 
reversed then it is essent ia l  to have suitable 
evaluation procedures and survey programmes i n  
place t o  document and manage the changes. Both 
the MBS and CPET represent promising 
techniques. However, both are in need of further 
testing, and possible refi nement, in order tha t  they 
are appropriate to meet the speci fic  character of 
Madeira ' s  streams and their  dist inct ive and often 
endemic fauna. 

Once perfected , these methods w i l l  produce an 
accurate and urgently required interpretation of 
the state of the aquatic environment on Madeira. 
The information obtai ned wi l l  have a wide 
d iversity of appl ications ranging from integrated 
resource management, catch ment planning targets 
and post-project  appraisal to environmental 
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i mpact surveys, conservation programmes, 
regional reports and environmenta l  education . 
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COMMENTS ON THE PUPA OF Zavrelimyia sp .  (INSECTA : DIPT ... RA,  
CHIRONOMIDAE) FROM MADEill.A 

SAMANTHA J. HUGHES & DECLAN A. MURRAY 

HUGHES, S .J .  & D.A. MURRAY. 200 1 .  Comments on the pupa of Zavrelimyia sp . 
(Insecta : Dip tera, Ch i ronomidae) from Madeira. Arquipelago. Life and Marine 
Sc iences. Supplement 2 (Part B )  33 -37.  Ponta Delgad a .  ISSN 0873-4704. 

Z(ll'l-e/imyia nubila (Meigen, 1 830) i s  the only species of Zavrelimvia FITTKAU ( 1 962) 
recorded previously from Madei ra based on col lections of adult speci m

.
ens. However, pupal 

exuviae recent ly  obtained in M adeira d i ffer from those of  z. nubila i n  their overall smal ler 
si ze, presence or a corona on the thoracic horn and in the abdominal pigmentation and 
shagreen pallern. An i l lustrated deseri rt ion of  these features i s  g i ven here to d is t inguish th i s  
morrhotype from related Palaearctic species. 

Samantha Jane Hughes (e-11wil: samjll lrghes @hotmail.colll), Laborat6rio Regional de 
Engenlwria Civil, Departamento de Recursos Naturais e de !-lidracilica, Caminho de 
Esmeralda, Sao Martino, PT - 9000 Funclwl, Portugal. - Dec/an A. Murray, Department 
of Zoology, Uni1•ersity College Dublin, Belfield, Dublin 4, Ireland. 

INTRODUCTION 

Qual i tative col lections made in 1995 and 1 996 to 
i nvestigate the d istribution and occurrence of 
Chironomidae in selected freshwater habi tats of 
Madeira yielded 5 3  taxa at species level ,  of which 
1 6  were new to the isl and 's  fauna (HUGHES & 
MURRAY 2000) . Addit ional pupal exuviae 
material has s ince been obtained during the 1 997 
biological mon i toring survey of Laborat6rio 
Regional de Engenharia C iv i l ,  Departamento de 
Recursos Naturias e de Hidra lil ica (LREC/DRNI) 
to assess the ecological qual i ty of Madeira's 
surface waters. The majority of speci mens 
col lected were read i l y  identifiable using exist ing 
taxonomic determ ination keys but 1 3  ex hibi ted 
morphological d i fferences i n  comparison with 
descriptions of current ly known species and 
possibly represent variant forms or species 
endemic  to Madeira. 

This paper presents some of the characteristics 
of the pupal exuviae of a species of Zavrelimyia, 
col lected from several si tes on Madeira, that 
di ffer from the exuviae of Z. nubila (Meigen, 
1 830) the only species of Zavrelimyia previously 
recorded (as an adult) from the island. The pupal 
exuviae, the cast "sk in"  of the pupa remain ing on 
the water surface fol lowing eclosion of the adult, 

possesses a wea l th of species-speci fic d iagnostic 
features. Examination of col lections of pupal 
exuviae rapid ly provides reli able information of 
the resident fauna, spec ies composit ion and 
phenology at  a g iven s i te (WILSON 1 996 ) .  

METHODS 

During field sampl ing carried in September 1 995, 
Apri I 1 996 and throughout 1 997, col lect ions of 
Chironomidae were obtained from 57 si tes 
cover ing several types of freshwater habi tat .  
Exuviae were col lected by drift net in selected 
flowing-water sites, augmented by skinun ing the 

water surface with a hand net (250 �tm mesh) and 
picking up flotsam to which pupal exuviae may 
ad here. 

A lthough adul t  Ch i ronomidae were col lected 
at  many s i tes, adult male or  female spec imens of 
Za vrelimyia were not obtained . However pupal  
exuviae of Zavrelimyia were obtained at  the si tes 
indicated (Fig. I ,  Table 1 ) .  Exuviae of Z. nub ila 
from Ireland were used for comparison with the 
Madeiran speci mens. A l l  exuviae for examination 
by l ight m icroscopy were processed and s l ide 
mounted according to methods outl i ned in 
WIEDER HOLM ( 1986) . Scanning electron 
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microscopy 
specimens. 

was carried out on selected 
Jdenti fications are based on key 

Sao Vicente 

works of FnTKAU ( 1962), Ft'HKf\U & MURRAy 
( 1 986) and LANGTON ( 1 99 1 ) .  

"\� 
0 1 

0 3 
., 2 

.: 

Po11ta de Sao Loure11�o 

Ril.Jei n1 llr:wn 
Fu11chal 

Fig. 1 .  S i tes where spec imens of Zavreli111yia sp have been col l ectetl . Detai ls  of each site are g iven in Tab le I .  

Table 1 .  
Si tes where samples during 1 995 and 1 996 on Madeira and Porto Santo (S= Sweep nett ing , A= Aquatic 

col lect ions) .  S i te co-ord i nates were obtai ned using a GARMJN GPS 45 receiver. 

Date # Location Method Co-ordinates Alt (m) 

1 5.09.95 Faj a  de Nogueira hydro electric reservoir SIA N32"44'909 I W 1 6"55' 4 1  I 530 

450 

780 
1 3 .04.96 2 Curral das Frei ras (Terra Cha) - reservoir A N32°42'7 I 4 I W 1 6"58'335 

2 1 .05.97 3 Perennisa l  s tream in l aurissi l va copse Arco da Calheta A N32°43 ' 597 I W 17°07 ' 5 1 1 

Material examined : 

Zavrelimyia sp. Madeira 
Pe, 1 5/091 1 995 , hydroelectric station reservoir, 
Faja de Nogueira. 
Pe, 1 3/04/ 1 996, art ific ia l  i rrigation reservoir, 
Terra Cha, Curral das Freiras. 
Pe, 2 1/05/ 1 997 , 1 " order stream in small copse of 
laurel forest ,  Arco da Calheta . 

Zavrelimyia n ubi/a . 
Pe, 20/051 1 986, water tank, Ardsal lagh,  Co. 
Meath, Ireland. 
Pe, 29/09/ 1 997, art ific ia l  smal l  garden poo l ,  
Meadesbrook ,  near Ashbourne, Co. Meath, 
I reland . 

RESULTS 

The pupal exuviae of Zavrelinzyia sp. from 
Madeira d iffer from Z n ubila i n  the overa l l  size, 
p igmentat ion pattern of the abdominal tergites, 
structure of the abdomi nal armature (shagreen) 
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and in features of the respiratory thoracic horn. 
The overa l l  l ength of the Madeiran spec imens, 

5 . 0  mm, is  shorter than that of Z. nubi/a at  6 .5 
mm. The tergi tes of the Madeiran specimens 
have a d ist inct ly homogenous p igmentation 
pattern with a rounded anterior median mark on 
tergites II to VI (Fig. 2a and b) whereas in 
Zavrelimyia nubila dark anterior and posterior 
bands on each tergite are joined by a single 
med ian band (Fig. 3a and b) . The shagreen on 
tergite 2 of the  Madeiran speci mens is composed 
of ind i vidual  spinules (Fig. 2c) wh i le in Z. n ubila 
the spinules are grouped and occasiona l l y  
branched (Fig. 3c) . The  thoracic horns of  a l l  
speci mens obtained i n  Madeira have a d is t inct 
r im or corona that appears, under l ight 
microscopy, as a translucent area surround ing the 
p lastron plate. The corona, which is  absent i n  Z. 
nubila, is c learly v is ib le  in scanning e lectron 
micrographs of the Madeiran spec imens (Fig. 4) .  
Reach ing  0 .075x  the length of the thoracic horn, 
the plastron plate is  broader than the neck of the 
respiratory atr ium, which fi l ls  3/.i of the horn 
respiratory chamber. 



(a) (b) 

1 

Fig. 2. Pupal Exuvia of Zavrelimyia sp. from Madeira. 

(a) pigmentation of the abdomi nal tergites (b) detai l o f  
tergites I and I I  (c) d i agram of  the spines o.n tergite I I .  

(a) (b) 

(c) l 
Fig. 3 .  Pupal Exuv ia  of Zavrelimyia nubila (a) 
pigmentation of  the abdominal  tergites (b) detai I of 
tergites I and II (c) d i agram of  the spines on tergite II. 

Fig. 4. Electron micrograph o f  the thoracic horn of Zavrelimyia sp .  M adei ra. Note the rim around the p lastron 

plate. Th is characteristic is  absent in Zmrelimyia nubile (Meigen, I 830). Scale bar I 00 �lin. 
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DISCUSSION 

Observations on the Zavrelimyia pupal exuviae 
examined i ndicate that  the specimens in question 
differ from Zavrelimyia nubila, the only species 
of Zavrefimyia recorded from Madeira unti I now 
(as adult only) by STORA (in FREY 1 949) , 
FREEM AN ( 1 959) and B A EZ & ARMITAGE ( 1 990). 
Z. nubifa has also been recorded ( l i kewise as 
adult only) from the Azores (STORA in FREY 
1 945) and the Canary Islands (CRANSTON & 
ARMITAGE 1 988) .  

Pupal  exuviae of a l l  known Zavrelimyia 
species have a background gol den/yel low colour. 
However, p igmentation patterns are evident in 
different species (FITTKAU 1 9 62) . Whereas the 
gross structure of the thoracic horn of Z. sp. 
Madeira most c losely resembles Z. mefanura, the 
abdominal tergites of Z. me/anura possess dark 
transverse anterior and posterior bands connected 
by median and lateral longitudinal bands. In  Z. 
nubila, a median longitudinal  band connects dark 
anterior and posterior bands. The pattern in Z. sp. 
Madeira resembles neither of these species and is 
restricted to a d ist inc t  rounded, median anterior 
mark adjacent to the apophyses. Such a pattern is 
known in  Z. berberi Fittkau, 1 962, from 
Morocco, but  in that species the horn atrium is  
about ha lf  the width of the horn in  contrast with 
the Madeiran speci men where the atrium is at 
least % as wide as the thoracic horn. 

The shagreen on abdominal tergite 2 of the 
pupa of Z. sp. M adeira a lso d iffers from that of Z. 
nubila. In Z. nubila the shagreen is  composed of 
grouped and occasional ly branched spinules, 
somewhat similar to Z. barbatipes (Kieffer), i n  
contrast to the i nd iv idual o r  single spinules o f  the 
Madeiran spec imens. 

I t  is clear from these observations that the 
exuviae of Z. sp. Madeira do not belong to Z. 
nubifa. Without re-examination of previously 
collected specimens a nd unti l defin i tive, reared 
and associa ted, pupal  and adult material  is 
obtained is not possib le to confirm the status of 
previous records or to s tate whether one or two 
species of Zavrelimyia occur on the island. 
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ENZYMATIC IDENTIFICATION OF Glyptapanteles s p .  (INSECTA : 
HYMENOPTERA) FROM MADEIRA ISLAND 

L. OLIVEIRA, V. V IEIRA, J. TAVARES & P. GARCIA 

OLIVEIRA,  L., V. VIEIRA, J .  TAVAI{ES & P. GARCIA .  200 1 . Enzymatic 
ident ificat ion of Glyptapanteles sp.  ( Insecta : Hymenoptera) from Madeira Is land.  
A rquipelago. Life and Marine Science. Supplement 2 (Part B) :  39-42.  Ponta 
Delgada .  ISSN 0873-4704 . 

During a scient i fic expedi tion carried out in M adeira I sland in September 1 997,  Pseudaletia 
(=Mythi111na) unipuncw (Lepidoptera: Noctuidae) l arvae were col lected in maize fields and 
pastures. These larvae were parasit ized by a braconid belonging to Glyptapanteles genus. 
This population was characterised b iochemical ly to ident ify the species. Seven enzyme 
systems studied by electrophoresis \Vere analysed: aldehyde oxidase (AO), a
g lycerophosphate dehydrogenase (a-GPD).  tetrazol ium oxidase (TO), mal ate 
dehydrogenase (MDI-1) ,  g lucose-6-dehydrogcnase (G6PD), mal ic enzyme (ME), isocitrate 

dehydrogenase ( I DI-1). A l l  systems showed only one band, wi th two exceptions: a-GPD 
and M E  which had two ban us which corresponded to d ifferent loc i .  No polymorphic 
enzymes were detected. Comparing this results with those obtained from G. 111ilitaris 
col lected in Azores Is lands and in Quebec-Canada we can suggest that the populat ion of 
Glyptapanteles col lected in  Madeira Island belongs to G. 111 ilitaris species. 

L. 0/iveim (e-111ail: ziza@notes. uac.pt), \1. Vieira, J. Tavares & P. Garcia. Un iversidade 
dos A �·ores. Departalllento de Bio/ogia, Rua da 11'/ae de Deus 58, PT - 950 1-801 Pon/a 
Delgada, Portugal. 

INTRODUCTION 

Pseucla/etia ( =Mythimna) unipuncta 
(Lepidoptera: Noctuidae) is a cosmopo l i tan 
species, considered as the most important pest in 
Azorean gramineous fields (TAVARES 1 989) . 
Several stud ies concerning the establ ishment of 
biological control programs against th is pest have 
been carried out in  our laboratory (TAVARES 
1 989 ; V IEIRA 1 992; OLIVEIRA 1 996). In th is  
sense, i t  is important to survey the pest natural 
enemies and preserve their characteristics during 
the several steps of biological control programs, 
such as, the mass rearing processes and field 
releases. However, some problems may arise 
when such programs are under development such 
as species mis- ident i fication (especia l ly  for 
s ibl i ng species) leading to a loss of effort, t ime 
and money (POWELL & WALTON 1 989) . 
Electrophoretic study, as a tool for identificat ion, 
may help to overcome some of such errors 

(PINTUR EAU & VOEGELE 1 980; P INTUREAU 1 987 ; 
POWELL & WALTON 1 989). 

In the Azores, P. unipuncta has few species of 
parasitoids from Hymenoptera (TAVARES 1 989;  
OLIVEIRA 1 996), with the braconid G. militaris 
being the main nati ve biological control agent. 
Therefore, a larger survey for P. unipuncta 
biological control agents was expanded to other 
Macarones ian Islands, such as Madeira. 

During a scientific exped it ion carried out in 
Madeira Island in  September 1 997,  P. unipuncta 
larvae were col lected in maize fields and pastures. 
These larvae were parasi t ized by a braconid 
belonging to Glyptapanteles genus, as in  Azores 
Islands. 

S ince electrophoretic studies have been used 
to ident ify and d istinguish between s ib l ing 
species (PINTUREAU & VOEGELE 1 9 80 ;  
P LNTUREAU 1 987 ; PtNTUREAU et a l .  1 990) we 
analyzed seven enzyme systems by gel 
electrophoresis  to compare the parasi toids from 
Madeira with the Azorean population of G. 
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militaris. This study a l lowed an increase on the 
records of Madeira nat ive species and the genetic 
characterization of the wasp 's  populations, 
contr ibut ing to the proper development of 
biological control programs.  

MATERIAL AND METHODS 

Adu l t  paras i to ids were obtained from larvae of P. 
unipuncta, randomly col lected at Madeira Is land 
Miguel Island only i n  pastures. The encountered 
P. un ipuncta larvae, more than 100,  were 
ind iv idually isolated in p lastic cages (4.5x3 em), 
and kept i n  the l aboratory at  22± 1 °C, 75±5% RH 
and L:D 1 6:8 ,  for daily observation of parasitoid 
emergence. Twenty-eight of these larvae were 
parasi t ized by G. militaris, producing an average 
of 32 cocoons per host. After parasitoid adult 
emergence, the insects were stored frozen at -20 
oc unt i l  subsequent electrophoresis  (frozen period 
< 1 month) . 

Each adu l t  was isolated and homogenized i n  
1 5  micro l i ter of "Trudgi l l "  solution and 
centrifuged for 5 m inutes at 9 000 rpm, according 
to the methodology used by P!NTUREAU ( 1 987) .  

A vert ical electrophoresis  on pol yacri l amide 
gel was performed on seven enzyme systems: 
aldehyde oxidase (AO),  a-glycerophosphate 
dehydrogenase ( a-GPD) , tetrazol ium oxidase 
(TO), malate dehydrogenase (MDH) , glucose-6-
dehydrogenase (G6PD), mal ic inzyme (ME) and 
isocitrate dehydrogenase (JDH) . The techniques 
used general ly fol lowed the methodology 
described by PINTUREAU ( 1 987),  PINTUREAU et 
al. ( 1 99 1 )  and OLNEJRA ( 1 996), with spec ific 
deta i l s  i n  table 1 .  Eighteen indi viduals (each one 
from an individual  parasi t ized host) col lected in  
Madeira Island were run  for each enzymatic 
system. As contro l ,  two pos i t ively identified 
specimens of G. militaris from Sao Miguel Island 
(OLNEJRA 1 996) were run for each enzymatic 
system. 

RESULTS AND DISCUSSION 

The electrophoretic patterns observed in  G. 
militaris were s imi lar for the populations of 
Madeira and Azores (Fig. 1 ) .  A ldehyde Oxidase, 
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Tetrazol ium oxidase, Malate dehydrogenase, 
Gl ucose-6-dehydrogenase and lsoci trate 
dehydrogenase exhib i ted a single band, for each 
of these five systems, therefore only one locus 
was found. However, a-Glycerophosphate 
dehydrogenase and Mal ic  enzyme exh ib i ted two 
bands, correspond ing two d ifferent loc i .  

Table l 
Electrophoret ic condi t ions used to study seven 

enzymes systems in G. 111 ililaris. 
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90 

30 

90 

30 

90 
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150 
JOO 
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15 
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L·Mnlic ocid 

NADP 
MgCI2 
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Ag11r 2 %  

Tris!HCI 
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37'"C MgCI2 

PMS 
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The two populations of G. militaris were 
examined for n ine a l lozyme loci , but a l l  of them 
appeared entirely monomorph ic .  The enzymes 
used in th is  study are useful to characterize 
genetical ly G. militaris, but they consti tute only a 
part of the species genome. Most species of 
Hymenoptera are reported to have low 
electrophoretic vanatton (PJNTUREAU 1 987 ;  
OMWEGA & OVERHOLT 1 996) . Our d ata indicated 
that G. mi/itaris fal l s  in the former group wi th  
Jess variab i l i ty, as Cotesia glomerata 
(unpubl ished data). 



The comparison of both popu lat ions suggests 
that the Glyptapanteles populat ion col lected in  
Madeira Island belong to G. militaris species. The 
same bands were observed for a population of G. 
militaris from Quebec-Canada (OLIVEIRA, 1 996) . 
The results of t he morpho l ogical study carried on 
both populations confirm the enzymatic 
identification of the species (OLIVEIRA et 
a l . l 999) . 

Accord ing to BAEZ ( 1 993) 
( l986a, 1 986b), the genus 

R f  

0. 1 

0 .2 

0.3 

0.4 

AO 
Madeira 1 8  
S .  Miguel 2 

and GRAHAM 
Apanteles (= 

TO 
1 8  

2 

MD 
1 8  

2 

Glyptupanteles, Cotesia) is ci ted from Madeira, 
but  the species were not identified . Therefore, the 
species G. militaris is the first ti me recorded for 
th is  i s land .  

The presence of this parasi toid i n  Madeira 
Is land can be a good ind icator o f  the natural 
control exerted by this wasp on the popu lat ions of 
the agricul tural pest P. unipuncta. Furthermore, 
the populat ion of G. militaris should be protected 
from the ind iscriminate use of pesticides . 

G-6-PD ID 
1 8  1 8  

2 2 

ME 
1 8  

2 

a-GPD 
1 8  

2 

Fig. l .  Electrophoretic part terns of seven enzyme sistems observed in two popul at ions of G. mililaris from 
Madeira and Azores Islands; AO - A l dehyde oxidase; TO - Tetrazol ium oxidase; MDH - Malate dehydrogenase; 
G-6-PD - G lucose-6-dehydrogenase; IDH - lsocitrate dehydrogenase; ME - Malic enzyme and a-GPO -
Glycerophosphate dehydrogen ase. 
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EFFECT OF HOST AV AILABILITY ON Trichogranuna cordubensis (INSECT A :  
HYMENOPTERA) REPROD UCTIVE STR ATEGIES 

PATRICIA GARCIA & JOAO TAVARES 

GARCIA, P .  & J .  TAVARES. 200 1 .  Effect of host avai labi l i ty on Trichogmntnw 

cordubensis ( I nsecta :  Hymenoptera) reprod uc t ive strategies. A rquipelago.  L i fe 
and Marine Sc iences. Supplement 2 (Part B ) :  43-49. Ponta Delgada .  ISSN 0873-
4704. 

The e lTect of host avai l abi l i ty on Tric!togran!lna cordubensis Vargas & Cabe l l o  
(Hymenoptera. Trichogrammatidae) fecundity and survival rates was analysed i n  t h i s  study. 
When hosts were daily provided (e i ther with nn u n l i mi ted or l i mi ted number) . wasps had 
the h i ghest mte of reproduction in  the first day of pnrasi t ism,  decreasing with osci l l at ing 
values thereafter. When a l i mi ted number of hosts was provided with 3 days i n terva l s ,  the 
parasi to ids  reprod uction rate was s ign ificant ly reduced, tend ing to be equa l. l y  d i str ibu ted 
throughout l i fe t ime.  A pos i t i ve l i near re lat ion was found between reproduction and 
survi val : wasps that had dai l y  oviposited h ad greater l ongevity than those that had 
ovi posited only every 3 days or did not oviposit .  These resul ts  suggest that T. cordube11sis 
is able to adjus t  fecundity schedule as an adaptation to changing hosts resources, which i s  
an i mportant survival feature r·or th i s  species ns host shortage i s  l i ke ly  to occur i n  nature. 

Patricia Garcia {e-mail: palriciag @llofes. uac.pt) & }o(/0 Tal'ares, Unil'ersidade dos 
A�ores, Departa!llento de Biologia, l?uo do i'dae de Deus 58, PT - 9501-801 Ponta 
De/gada, Portugal. 

INTRODUCTION 

Numerous paras i toids are effic ient  nalllral 
enemies of important agricul tura l  and forestry 
pests, and among these, the genus Trichogra111111a 

Westwood is worldwide used in several pest 
management programs (L!- YING 1 994) . 
Trichogran1111a are mi nute wasps that ovi pos i t  
i nto the eggs of o ther i nsects, and depend upon 
these hosts as food resources for their l arvae. 
According to several authors the l i fet ime 
reproduct ive success of the wasp increases as 
progeny number a l located to the host decreases 
(KLOMP & TEERINK 1 97 8 ;  PAK & OATMAN 1982 ; 
WAAGE & LANE 1 984; WAJNI3ERG et a l .  1 989; 
N ENON 1 993). Therefore, to al locate the progeny 
sui tably, these wasps must respond to the number 
of host eggs local ly avai lable, by oviposi t ing few 
eggs per host i f  the probab i l i ty of fi nding enough 
hosts is h igh .  Opt imal  strategies for exploi t ing  
host resources are  essent ia l  for survival of the 
species and their usefulness as b iological control 

agents. However, the role of host avai lab i l i ty on 
the reproduct ive success of Trichog mlltllw 

species has been poorly i nvestigated despite its 
importance in  natural biotopes and biological 
control programs (SCHM I DT & SM ITH I 985 ; B A I  
& SM ITH 1 993 ;  FLEURY & BOULETREAU 1 99 3 ;  
MAN ICKAVASAGAM et  a l .  1 994). 

Trichogralltllw cordubensis Vargas & Cabello 
(Hymenoptera, Trichogrammatidae) is a nat i ve 
spec ies for the island of Sao Miguel (Azores) 
(PINTUREAU et a l .  1 99 1  ) . The evaluation of the 
effect iveness of th is  species as a b iological 
control agent for agricul tural pests exist ing in the 
Azores isl ands hns been i nvestigated i n  our 
laboratory, by studying the parasi to id b io logy 
(PINTO & TAVARES 1 99 1 ;  GARCIA & TAVAR ES 
1 995,  1 997),  populat ion dynamics (GARCIA et a l .  
1 995) and  rearing techn iques (TAVARES & VIEIRA 
1 992) .  As part of th is  research ,  the evaluation of 
the effect of host avai labi l i ty on T. cordubensis 
fecundity and survival rates was analysed in th i s  
study. 
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MATERIAL AND METHODS 

T cordubensis was obtained from parasi t i zed 
eggs of Autog mpha ga1111/la Linnaeus 
(Lepidoptera , Noctuidae), col lected at  R ibeira do 
Gui lherme (Sao M i guel is land) .  Parasitoid 
laboratory rearing was made on eggs of the host 
Ephestia kuehn iella Zell er (Lepidoptera, 
Pyra l idae) accord ing to the methods of TAVARES 

& Vt:EIRA ( 1 992). 
In the exper iments, eggs of E. kuehniella were 

presented to parasitoids as egg cards that were 
prepared by mix ing one surface of a rectangular 
piece of i ndex card with a water solution of non
tox ic glue, and then spread ing the required 
number of host eggs on th is surface. A drop of 
honey was poured on the surface of the egg card 

to provide the parasi toids a carbohydrate source. 
The host eggs were less than 24 hours old and had 
been previously ultra-violet  irradiated for 20 
m inutes. 

To test the effect of host avai l ab i l i ty on the 
fecund i ty and longevity of T cordubensis, the 
fol lowing four treatment groups were assembled : 
group A (n = 33 females), each female was 
provided , per day ,  with a host un l imi ted egg card 
(i .e . ,  with 140 ± 8 eggs per egg card) ; group B (n 
= 32 females), each female was provided, per day, 
a host l imited egg card ( i .e . ,  10 eggs per egg 
card); group C (n = 3 1  females), each female was 
provided, every 3-day i ntervals, a host l im i ted egg 
card ( i .e . ,  10 eggs per egg card) ;  group D (n = 3 1  
females), no host eggs were ava i l able for each 
female. For all treatment groups, each egg card 
was exposed to the female wasp only during 24 
hours. Females from group C were deprived of 
hosts during the first three days of their lives ,  
therefore the fi rst supply of hosts was only gi ven 
on day 4. The experiments ran in temperature 
cabinets at 20 ± 0.5 °C, 75 ± 5 % R .H .  and L :D 
16 :8  h. Cards with paras i t ized eggs were 
maintained under the same condi tions for wasp 
progeny development. Wasp fecundity was 
determined by count ing the number of paras i t ized 
host eggs (weather parasi toids emerged or not), 
since the eggs of E. kuehniella are relatively small  
and Trichogramma females always oviposit only 
one wasp per host egg. However, adult  offspring 
was counted to check the any occurrence of 
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superparasi t ized eggs. The number of paras i t ized 
hosts was determined by count ing the host eggs 
that turned black ,  using a d issect ing microscope a t  
2 5 X .  Egg chorions o f  i nsects infested b y  
Trichogmnuna turn black when paras i toids are i n  
the prepupal stage. This i s  caused b y  b lack 
depos i ts that forms a cocoon-shaped cut ic le 
around the body of the larva and inner surface of 
the chorion of the host egg (SAAKIAN-BARANOVA 

199 1 ) .  Longevity was determined by check ing the 
number of dead parental females once a day, 
start ing from the day of their adul t  emergence. 
Wasps who drowned in the honey were el imi nated 
from the statistical analysis .  

Fecund ity and longevity comparisons between 
d i fferent treatment groups were performed using 
an analysis of variance (ANOV A). When 
statist ical d ifferences existed between data sets, a 
Sheffe test was made to separate the d i fferi ng 
means. Fecundi ty data was transformed by 
-/(x+0 .5) to reduce variance d ifferences (ZAR 
1996) . A regression between l i fetime fecundity 
and longev i ty data was calculated . 

RESULTS 

For a l l  treatment groups only one parasitoid 
emerged from each host egg, indicat ing the 
absence of superparasi t ism.  

When hosts were da i ly  suppl ied, the greatest 
progeny production (mean ± s .e .)  was observed 
on the first day for group A ( 1 2.9 ± 2.2 
parasi t i zed eggs per female), and the first and 
second days for group B (7. 1  ± 1 .2 and 7 .5  ± 1 . 3 
parasi t ized eggs per female, respect ively), sharply 
decreasing with oscil lating values thereafter on 
both treatment groups (Fig. 1 ) .  However, 
fecund i ty for the first day was s ignificantly h igher 
(ANOVA, F=1 4.527, df=2 & 1 02, ?<0.000 1 )  i n  
host un l imi ted (group A) than i n  both host l i mi ted 
treatments (groups B and C) . The mean (± s.e.) 
fecundi ty  of parasitoids from group C (host 
l i mited with 3-day in tervals) was i nferior on the 
first day of paras i t ism (4 ± 0.7 parasit ized eggs 
per female), but afterward was a lmost equa l ly 
distributed throughout female's l i fet ime. In th is  
group, wasps paras i t ized almost the total i ty of 
available hosts during the ir  existence, except for 



parasitoids with expanded longevity. For these 
last, fecund i ty decreased after the 2 1 " day 
probably due to depletion of female 's  egg supp l y  
(Fig. 1 ) .  

Mean (±  s .e . )  l i fet ime fecund i ty of each 
female was s ignificant ly higher (ANOV A, 
F=34.570, df=2 & 1 02, P <0.000 1 )  when hosts 
were dai ly suppl ied in unl imited (82.8 ± 6 .3  
parasit ized eggs per female of group A)  or l imi ted 
(85 . 3  ± 6.5 paras i t ized eggs per female of group 
B) numbers, than when a l im i ted number of hosts 
was provided with 3 day intervals (26.3 ± 2 .9  
parasit ized eggs per female of group C)  (Fig. 2) .  

1 6 .---------------------------------, 

A 

4 7 I 0 I 3 I 6 I 9 22 25 28 3 1  34 3 7 Days 

Longevity d id  not d iffer signi ficantly (Sheffe 
Test, P =0.9086) between wasps that were dai ly 
g iven host eggs (group A , mean ± s .e .  = 22 ± 1 .6 
days; group B ,  mean ± s .e .  = 23 ± 1 .5 days). 
However, longevity was sign i ficantly h igher 
( ANOVA,  F= 19 .780 ,  DF=3 & 1 23 ,  P <0.000 1 )  
for parasitoids that had dai ly avai lable hosts than 
those that did not (group C, mean ± s.e = 1 6  ± 1 . 1  
days; group D, mean ± s .e .  = 1 1  ± 0.7 days) (Fig. 
2) .  A posi t ive (rather than a negat ive) l i near 
relation was found between the averages of 
longevi ty and l i fetime fecundity of the wasps (F  = 
1 1 7 . 9 1 9 ,  elf =  1 & 94, P <0.000 1 ,  Fig .  3 ) .  
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Fig. l .  Number (mean ± s .e .) of parasitized eggs per female of T. cordubensis, when dai ly provided with an unl imited 
(A) or l imited (B) number of hosts, and suppl ied with a l imited number of hosts every 3-day (C). 
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Fig. 2. Longevity (mean ± s.e.) and l i fetime fecundi ty  (mean ± s .c . )  of T. cord11V!!iiSis females , when daily pro vided 
with an unl imited (A) or l imited (B) number o f  hosts. and supplied w i th a l i mi ted nu mber o r  hosts every 3-day (C). 
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Fig. 3. Relationshi p  of the total nu mber of parasi t ized eggs per wasp wi th  l ongevi ty; y = -6.224+3 .622.r, r2 = 
0.556, P <0.000 I .  

DISCUSSION 

Our resul ts show that the longevity of the wasps 
was influenced by host avai lab i l i ty :  wasps that 
had dai ly-oviposi ted (prov ided dai ly wi th hosts) 
had greater longevity than those that had 
oviposited only every 3 day or d id not ovipos i t .  
Adul t feed ing by the parasi toids on a 
carbohydrate source i ncreases longevity and 
fecundity (CABELLO GARCIA & VARGAS 
PIQUERAS 1 985;  HOMANN et a l .  1 989;  LAETEMIA 
et a l .  1 995). I n  our experiments a l l  the parasi toids 
had access to honey as a carbohydrate source. 
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Trichogran1111a has been observed to feed on hosts 
occasionally after oviposit ion (TAVAR ES 1 985 ;  
MANWEILER 1 986; HOMANN et  a l .  1 988) .  Th is  
feedi ng behaviour a l lows the  in take by the 
ovipos i t ing wasp of food resources that exis t  i n  
the host and are not avai lable i n  honey. T h e  da i ly  
consumption of  such resources probably increased 
the wasp's longevi ty,  as our resu l ts po in t  out :  
wasps that were given hosts only every 3-day or 
l ack ing hosts avai lable, had a shorter l i fe span i n  
spite o f  being fed w i th honey. 

A posi t ive l i near relat ion was found between 
average longevity and l i fet ime fecundity: fem ales 



that produced the greatest number of progeny a lso 
I i vecl the longest, whereas those that  d id not 
produce any progeny had the shortest l i fe span. 
BAt & S M ITH ( 1 993)  also found a pos i t i ve 
correlation between reproduction and survival o f  
Trichog m111111a 11 1inuiHIII  R iley bu t  they did not 
found evidence for a trade-o ff between wasps'  
fecundi ty  and longev ity.  On the other hand,  
MAN ICJ<AVASAGAivt et a ! .  ( 1 994) observed 
opposite relat ions between fecundi ty and 
longev i ty depend ing on the spec ies: a negat ive 
corre lat ion was observed for Trichogra11111W 

pretiosH/11 Ri l ey and a posi t i ve for Triclwgralluna 

chilonis Ish i i .  
Host ava i l ab i l i ty i n fluenced T cordHbensis 

l i fetime fecundi ty :  l i fet ime fecund i ty  was higher 
when hosts were da i ly  suppl ied .  The reduction i n  
t h e  overa l l  fecundi ty of the  wasps without da i ly 
ava i l ab le  hosts could resu l t  ei ther from their 
shorter l i fe spans (e.g . ,  parasitoicls with lower 
longevi ty have a shorter period to oviposi t) or clue 
to egg oosorpt ion by the wasp. ANUNCIADA & 
VOEGELE ( ! 982) , by d i ssect ing females of  
Trichogramnw brassicae Bezdenko, observed 
that resorption of chorionated eggs occurred after 
3 days of host depri vat ion.  Later, FLEURY & 
BOULETR EAU ( ! 993)  veri fied that  T brassicae 

parasi t ization capacity was drast ica l ly  reduced 
due to egg resorption when parasi toids were 
submitted to h ost  depri vation for 4 days. 
Oosorption is v iewed as an adapt ive strategy 
al lowing females to conserve their  metabo l i c  
resources i nstead o f  l aying eggs under 
unfavourable cond i t ions.  Therefore. if oosorpt ion 
occurs i n  T. cordHbensis when wasps are depri ved 
of hosts and i s  accompanied by reduction i n  
overa l l  fecundity, t hen i t  would be adapt ive for 
th is species only i f  other components of fitness 
are improved. Such components could be the 
dispersion of parasi t izat ion that would ei ther 
enhance the avoidance of predat ion or 
hyperparasi t izat ion.  FLEURY & B OULETREAU 
( 1 993) found tha t  the d ispersion of  parasit ization 
of  T. brassicae increased when host depri vation 
exceeded one day. 

Trichogra11111W i s  considered to be pro
ovigenic (oogenesis is completed prior to adu l t  
emergence) , therefore females lay most of  their 

eggs short ly after emergence (PAt< & OATM AN 
1 982) .  However, WANG & SM ITH ( 1 996) and  
VOLKOFF & DAUI'viAL ( 1 994) showed that 
thelytokous parasi toids are more similar to 
synivogen ic wasps because they carry few mature 
eggs in their ov<�r ies at emergence and d i splay a 
steady pattern of ovarian development. We 
veri fied that  T. cordubensis (a the lytokous wasp) 
had the h ighest fecund i ty on the fi rst clay when 
hosts were da i ly  offered in  un l imi ted or l i mited 
numbers, dmpping wi th osc i l lat ing val ues i n  the 
subseq uent days. I f  the ov iposi t i ng female could 
count  the tota l  number of  hosts local ly avai l ab le, 
then i ts opt imal  strategy wou ld be to part i t ion 
progeny over al l  avai lable hosts, therefore 
i ncreasing the fitness of  each offspring by 
reducing the stress of predat ion and 
hyperparasi t ization. However, "host counting" is 
not possib le,  so when hosts are ava i l ab le  the wasp 
explo i ts  them as much as possib le during the first 
few days of adul t  l i fe. Moreover, accord ing to our 
resul ts when hosts are unava i lab le  for some days, 
females are able to compensate the reduct ion in 
fecund i ty by dispersing the oviposit ions more 
equa l ly t hroughout their  l i fe,  paras i t iz ing most of  
the  hosts they are able to find . T hese results 
suggest that T. cordubensis is ab le to adjust 
fecundi ty schedu le  as an adaptat ion to changing 
host's resources, wh ich is an important survival 
feature for th is species as host shortage i s  l i kely to 
occur in  nature. 
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THE EXPLOITATION OF THE CLAM, Tapes decussatus (MOLLUSC A :  
BIVALVIA) ,  IN S A NTO CRISTO LAGOON , SAO JORGE, AZORES . 

ROGERIO R. FERRAZ & JOA.O M. GON<;AL YES 

FERRAZ, R.R .  & J .M.  GON(:ALVES. 200 l .  The exploitation of the clam, Tapes 

decussatus (Mol lusca: B ivalvia),  in Santo Cristo Lagoon, Sao Jorge. A rquipelago. 

Life and Marine Sciences. S u pplement 2 (Part B) :  5 1 -5 8 .  Ponta Delgada. ISSN 
0873-4704. 

An analysis of the exploi tation of the clam. /apes decussatus, in the coastal l agoon of 
Santo Cristo on S ao Jorge Is land (Azores) i s  presented from I 99 1 ,  when a new reg ime of 
control led exploi tation was implemented, to I 998. During these years about 6.8 t of clams 
were caught, with a max imum of 1 .75 t in I 993 .  Annual landings, mean shel l length, and 
catch per unit effort (CPUE - kg/hour) have been decreas ing si nce 1 994 (when a maximum 
of l .6 kg/hour was reached ). In 1 998 the annual  mean shel l  length was the lowest s ince 
I 99 1 (47 . 0  mm) . These facts i ndi cate a decrease of the popu l at ion, at least in the more 
exploi ted areas of the lagoon, and/or the inefficiency of the present management model .  
Alternative management models are discussed. 

Rogerio R.  Ferraz (e-mail: ferraz@lwrta.uac.pt) & Joiio M. Gow;alves, Universidade dos 
A9ores, Departamento de Oceanografia e Pescas, Cais de Santa Cruz, PT - 9901-862 
Horta, Portugal. 

INTRODUCTION 

The clam Tapes decussatus (Linnaeus, 1 758) 
(syn. Venerupis decussatus, Ruditapes 
decussatus) occurs i n  the north-eastern Atlantic, 
distributed from SE-W England to NW Africa 
(Morocco to Senegal) ,  i nc lud ing the Iberian 
Pen insula and the Mediterranean (T EBt3LE 1 976) . 
The species l ives buried i n  muddy-gravel bottoms 
from the in tertidal to a few metres depth in the 
subtidal (POUTtERS 1 987 ; POPPE & GOTO 1 993) .  

In the Azores, the c lam T. decussatus is 
confined to a unique habitat :  the Santo Cristo 
lagoon on the N. coast of S .  Jorge is land, which 
has an area of 0.9 km2. Moreover, this occurrence 
constitutes the westernmost local i ty in the 
geographical range of th is  spec ies. Several 
authors have published general descr iptions of the 
Santo Cristo coastal l agoon and i ts biological 
communities (e.g. MORTON 1 967,  SANTOS & 
MARTINS 1 988,  FONSECA et a l .  1995,  MORTON et 
a ! .  1 998).  The work of SANTOS et a l .  ( 1 990) was 
focused mainly on the c lam popu lation. Santo 

Cristo lagoon is the only true marine coastal 
lagoon in  the Azores archipelago and was 
declared as a protected natural reserve in 1 989 
(Special Ecological Area - DLR 6/89/A, Ju ly  1 8) .  

T. decussatus i s  be l ieved to have been 
introduced in Santo Cristo lagoon by man 
(MORTON 1 967) . The genetic studies of WILLEMS 
et a l .  ( 1 995) suggested that the Santo Cristo 
popul ation has been isolated from those of the 
continent only recentl y. 

The clams const i tute a smal l  resource that has 
been tradit iona l ly  explo ited by the local residents. 
This exploitation was uncontrol led unti l 1 984, 
when the inhabi tants objected to the unregulated 
harvesting. Th is led to the proh ibit ion of catches 
from 1 9 84 unti l  1 989. A new regul ated 
exploi tation period begun in 1 990 foll owing 
recommendations by SANTOS & MARTINS ( 1 988) .  
Ten exploitation l icences, a l lowing a month ly 
catch of 50 kg,  are issued annual l y  by the 
Regional Directory of Fisheries (DRP). A 
seasonal closure (from 1 5  May to 1 5  August) and 
a minimum catch size (shell length) of 30 mm 
was fixed. The resident warden of the reserve 
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administered th is  new regime and fi l led i n  the 
catch control forms. 

The exploitat ion of T. decussatus in Santo 
Cristo lagoon is nor m a l l y  carried out in the 
intertidal margins of the l agoon and in  the upper 
subtidal using rakes. The rakes have 3 to 4 m long 
handles and a min imum of 3 em gap between the 
teeth. 

The number of l icences was raised to 1 3  in 
1994, and to 1 4  from 1 995 to 1 997 .  Annual 
reports of exploitat ion ,  based o n  these forms, 
were produced by the Department of 
Oceanography and Fisheries (DOP) of the 
University of the Azores, as well as 
recommendations for the next year's  activ i ty 
(GON<;:ALVES & MARTINS 1 99 1 ;  GON<;:ALVES 
1 992, 1 993,  1 994; GoN<;:ALVES et a l .  1 995,  1 997 ;  
FERRAZ & GON<;:ALVES 1 997,  1 998) .  

The clam b iomass was est imated in  1 988 to 
ca. 9.4 t .  in the in tert idal zone and to 36.6 t .  in the 
subtidal (SANTOS et a l .  1 990). In 1992, clam 
biomass was estimated to 4 . 1 t .  i n  the intert idal 
and to 1 5 . 1  t .  i n  the subt idal  (GON<;:ALVES 1994). 

In this paper we review the clam exploitation 
during an eight year regime that ended in 1 998.  

METHODS 

The reserve warden recorded each catch by the 
l icensed harvesters on appropriate forms. The 
forms contain  the identification of the harvester, 
total weight per catch, the area of the lagoon 
where the c lams were caught, the number of 
hours of act iv i ty and the characteristics of the tool 
used. Measurements of a sub-sample of 50 clams 
(shel l  length to the nearest mm) from the total 
catch were a lso i nc luded. The logbooks were sent 
every month to DOP where the data were 
introduced in a computer database (Microsoft 
Access©). 

The fol lowing parameters were analysed : 
annual and monthly catches, catch per unit  of 
effort (CPUE - kg/hour), mean shell length, and 
length frequency histograms (5 mm size cl asses) . 
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RESULTS 

1 .  LANDINGS 

The total declared clam weight increased 
substant ia l ly from 199 1  to 1 993 ,  which could be 
due to the increase of the number of l icences 
attributed , and also to a more efficient use of 
them. S ince 1 99 3 ,  the annual catches have 
decreased slowly (with small  osci l l at ions) in spite 
of an increase in  the number of I icences. In  1 995 
and 1 997 the l andings were the lowest s ince 
1 99 1 .  The 1 998 value consists only of catches 
from the first four months (Fig. 1) si nce the 
resident warden of the reserve resigned from May 
1 ,  1998 .  

The monthly variat ion of  landings tends to  
increase from January to Apri l ,  fol lowed by a 
subsequent decrease to November, and r is ing 
again i n  December (Fig .  2) .  

The exploi tation was concentrated in  certain  
zones of the  lagoon: C, D ,  F and  I, main ly  in  C 
a nd D. (Fig. 3) .  

2 .  CATCH PER UNIT OF EFFORT (CPUE - KG/HOUR) 

From 1 99 1  unti l  1 994 the mean annual CPUE 
tended to increase. After 1 994, when the h ighest 
val ue was reached ( 1 .6 kg/hour), the CPUE 
decreased slowly. The h igh variabi l ity of the 
means is indicated by the h igh standard 
deviations (Fig. 4) . 

3 .  SHELL LENGTH 

The mean shel l  length has a lways been close to 
50 mm, with a s l igh t  tendency to decrease s ince 
1 994. The smal lest mean (47 .0 mm) was 
recorded in  1 998 (Fig. 5) .  

The shel l length shows a decrease i n  the 
predominant s ize c l asses s ince 1 99 1  (modal value 
of 60 mm) to 1 998 (modal value of 35 mm) 
(Fig. 6). 
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DISCUSSION 

The land ings of c lams (T. decussatus) from Santo 
Cristo lagoon ( < 2 t. annual ly from 1 99 1  to 1 998) 
are very smal l when compared with other regions 
(e.g. POUTIERS 1 987), even when compared with 
other artisanal Azorean fis heries (see SANTOS et 
al . ,  1 995) .  However, these figures should be 
considered in the context of the small area of the 
l agoon. The i mportance of these c lams should not 
be d isregarded as they, and the l agoon, in which 
they occur, are highly rel evant in the Azorean 
context,  especia l ly for the is l and of S. Jorge. The 
main reason for dec laring the Santo Cristo lagoon 
as a natural reserve (Spec ia l  Eco logical Area) was 
the presence of clams. 

The general pattern of decrease in  landings 

during the period of regulated exploi tation (from 
199 1  to 1 998),  i nd icate a reduction of the stock .  
The number o f  catch permits increased s l ightly 
during the same period, whi le the CPUE 
decreased . Also, the s l ight decrease in the annual 
mean shel l length as wel l as the decrease i n  s ize 
of the modal  c lass, support th is view. However, i t  
i s  t o  b e  expected that average size should 
decrease with t ime in an under-exploi ted or a new 
fishery (KING 1 997) . MORTON & CUNHA ( 1 993) 
mentioned that  the l ack of l arge empty shel ls in  
the  l agoon is  a typical s ign of a managed fishery. 
The average s ize of T. decussatus recorded from 
Santo Cristo, however, is relatively h igh when 
compared with the common catch s ize on the 
Portuguese main land (SANCHES 1 992) .  

The increase o f  landings and CPUE during the 
first years (before 1 994) of  regulated exploitation 
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could be due to a h igher avai labi l i ty of the 
resource and/or to an i mproved efficiency while 
the effort remained the same. In some cases 
CPUE's can increase while the resource is already 
decl in ing (KING 1 997) . 

However, it should a lso be noted that the 
decl ine in landings could be an artefact as 
undeclared catches could have occurred, making 
an interpretation of the fishery d i fficult .  As the 
catch l imi t  is restricted to 50 kg per month, under
declaring or not declaring catches are ways to 
avoid control .  The exploi tation of c lams was 
concentrated in a few areas of the l agoon (C, D, 
F, I - see Fig .  3) .  There are two main reasons for 
this. These areas are more accessible for 
exploitation and they also benefi t from the 
seawater inflow. The type of sedi ment seems to 
be less important as various sedi ment types occur 
in  these areas (FONSECA et al . 1 995) .  Although 
the density of T. decussatus i n  Santo Cristo 
lagoon might be higher on  the in tertidal  shore, the 
biomass is h igher in  the subtida l ,  due to the 
presence of b igger and heavier c lams (SANTOS et 
al. 1 990; GON<;:ALVES 1 994) . 

The accumulated l andings of the last 8 years 
(ca. 6.8 t.) represents 40% of the biomass 
est i mation for clams larger than 30 mm ( in tertidal 
+ subtidal = 17 t . )  estimated by GoN<;:ALYES 
( 1 994) , which is less than the estimation by 
SANTOS et al. ( 1 990) . However, both biomass 
estimations should be considered with caution, as 
the sampling of subtidal c lams was insufficient, 
due to the d i fficu l t  access. 

CAMACHO ( 1 980) refers that  6-7 years is 
needed by T. decussatus i n  Ria Arosa (NW of 
Spain) to achieve an average size of 5 em. The 
growth rates reported by SANTOS et  al. ( 1 990) for 
the Santo Cristo clams are h igher, a t  least for 
smaller size c lasses . This is not surprising since 
the water temperature in  this Azorean lagoon is 
h igher, all year round, than in the Spanish 
localities. (cf. SANTOS & MARTINS 1 988;  SANTOS 
et a l .  1 990; MORTON & CUNHA 1 993 ;  CAMACHO 
1980) . Unfortunately there are no data on the 
lagoon 's  productivi ty, neither primary or from the 
clams, to be compared with other regions. 

The current regime of controlled exploitation 
of the clams in Santo Cristo l agoon has now 
ended, since there is  no resident warden to control 
the catches after April  1 998,  and it has been very 
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d ifficu l t  to find a substi tute. For 1 999 a 

modification i n  the management regime was 
introduced and 9 catch permits were issued . 
These l icensed harvesters wi l l  self-register the 
data from their own catches . If  this new 
exploitation regi me does not work, it has to be 
changed. 

As an a l ternative regime we suggest the 
implementation of a total  a l lowed catch (T AC) 
per year based on assessment and productiv i ty 
studies. The annual T AC might be exploited by 
l icensed fishermen or completely free to be 
exploited by anyone. The only fixed rules m ight 
be the min imum catch s ize (30 mm) and an 
exploi tation ban during the reproduct ive season 
( 1 5  May to 1 5  August). Monthly analysis of the 
landings wi l l  fol low closely the evolution of the 
exploitation. When the T AC is  achieved the 
exploitation wi l l  be stopped . This means that the 
end of the season might be differen t  from year to 
year. To imp lement this model it will be 
necessary to have a good knowledge of the stock 
(biomass estimation and productivity) and 
trustworthy landing data. In this case i t  wi l l  be 
irrelevant if  the fishermen have permits or not. 
However, i t  is easier to regulate l icensed 
fishermen, as they wi l l  tend to control each other. 
Another possib i l i ty is to use the same system as 
for l im pet exploitation where two k inds of 
permits are used (FERRAZ et al. 200 1 ) .  The first, 
for the general public only for self-consumption, 
without the issuing of l i cences, and restricted to a 
small amount. This wil l  satisfy an old demand 
from the local inhabitants. The second category, 
for commercial catches, would need the issue of 
temporary (annual) permits, in which case the 
catches should be declared for statistical 
purposes. The problem with these management 
models is  that it wi l l  be necessary to perform 
annual biomass estimations, which represent an 
additional cost. 

Leaving this resource uncontrolled and 
overexploited would certainly lead to i ts 
destruction and possib ly  extinction. The area of 
the l agoon is very smal l  and the high fecund i ty of 
clams could be i nsufficient to counteract the h igh 
exploitation. The c lams could also become extinct 
in  the Azores i f  the natural condi t ions of the 
lagoon change. A decrease of seawater inflow 
caused by enclosure of the main channel to the 



open sea could mod ify the sal in i ty and other 
important parameters. The opposite might happen 
if the seawater entrance is enlarged, which wi l l  
destroy the  shel tered environment. In both cases 
the environment might  be i nappropriate for the 
clams as wel l  as other species.  

Another aspect that should be considered is  
the harvesting method. At  present on ly rakes are 
al lowed. However, this i nstrument has the 
disadvantage of d igging in the bottom and leaving 
it disturbed . This action migh t  in fact have 
ad verse i mpacts on other b iological bottom 
communi ties, which are also unique and need to 
be protected (MORTON et  a l .  1 998) .  Other lesser 
damaging methods (e.g. snorkel l ing) should be 
considered in the future, if real ly  advantageous. 

Whatever the model of exploitation, the 
enforcement and control wi l l  a lways be necessary 
to ensure the implementation of the regulations. 
This enforcement should not only be focused on 
the catch in the lagoon but a lso elsewhere where 
the clams are tradi t ional l y  sold to the publ ic 
(restaurants, snackbars, etc . ) .  

From a pure conservat ion perspective for the 
overall lagoon and i ts biological communities, the 
best solution would be to ban the exploitat ion of 
clams a l together. However, this will mean the end 
of an old gastronomic tradit ion in Sao Jorge 
Island, and should be considered. 

For a better management of this resource in 
the future it w i l l  be necessary to i mprove the 
research as several aspects of the population 
dynamics of the c la ms are st i l l  unknown. Growth 
parameters, maturation, morta l i ty ,  in relation to 
age and size, as wel l as b iomass estimation are 
some of the biological parameters that need to be 
studied. 
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LIMPET (Patella spp. )  (MOLLUSCA: GASTROPODA) EXPLOITATION IN THE 
AZORES , DURING THE PERIOD 1993- 1 998 

ROGERIO R. FERRAZ , GUI M.  MENEZES & RICARDO S .  SANTOS 

INTRODUCTION 

FER RAZ, R.R . ,  G.M. MENEZES & R.S .  SANTOS. 200 1 .  Li mpet (Patella spp.)  
(Mol lusca: Gastropoda) exploi tation in  the Azores, during the periocl 1 993- 1 998 .  
A rquipe/ago .  Life and Marine Sc iences . Supplement 2 (Part B) :  59-65 .  Ponta 
Delgada. ISSN 0873-4704. 

In  1 993 the Regional Govern ment of  the Azores publ ished a new law in  order to regulate 
l impet harvest in  t he Azores. S i x  years after the implementation of this law,  the effec t  on 
the population was analysed, us ing the li mpet capture d i aries filed by the harvesters. In th i s  
study we analyse the catch per un i t  of effort (C PUE) in  g/min and g ive the  variabil ity and 
evol u t ion  of the captures in each i s land. The main conclusions of th is  study are that the 
populations appear to have recovered and are stable with regard to thei r b iomass. These 
resul ts  suggest that their exploi tat ion in Central (Fai a l ,  Sao Jorge, Pica, Terceira, and 
Graciosa) and Western groups (Flores and Corvo), should be al lowed as long as the 
i mplemented measures are fol lowed. On the other hand, the l i mpet popul ations in the 
Eastern group (Santa Maria and Sao Miguel I s l ands) seem to be dangerous ly l ow. The 
i mplemented ru les are bel ieved to have he l ped the recovery of the l i mpet popu lation in the 
Central group. For th is  reason, we bel ieve that it is necessary to i mprove the efficiency of 
the  legis lat ion by an act i ve reinforcement by the local authori t ies as wel l  as by g i v i ng 
relevant i n formation to the general publ ic .  

Rogerio R.  Ferraz (e-111ail: ferraz@horta.uac.pt), Cui  M.  Menezes & Ricardo S.  Santos, 
Universidade dos Afores, Departamento de Oceanografia e Pescas, Cais de Sauta Cruz, 
PT- 9901 -862 Horta, Portugal. 

The exploitat ion of l i m pets i n  the Azores has 
probably been taken p lace s ince human 
colonisation of the is lands i n  the 1 5th century. 
Unt i l  the 1 980's the l i mpet harvest in  the Azores 
was moderate. The l impets were main ly gathered 
for self-consumption or for door to door 
barteri ng. The two co-occurring species (Patella 
ulyssiponensis aspera Rodi ng, 1 792 - "Lapa 
brava"; Patella candei d'Orbigny, 1 840 - "Lapa 
mansa") were both harvested , and much 
appreciated by the local population as an 
i mportant source protein i n  some v i l l ages (see 
CORTE-REAL et a l .  1 992 & 1 996 for deta i l s  on 
taxonomy) . S ince no records exist for the few 
transactions that were made, it is impossi ble to 
obtain statistical data prior to 1980 (MARTINS et 
a l .  1 987).  

act iv i t ies in the 1980 's  the exploitat ion of l impets 
i ncreased drastica l ly .  This fact, together with an 
improvement in refr igeration methods, i ncreased 
the commerc ia l  value and lead to a dec l ine of the 
stocks, mainly in the Central group (Faia l ,  P ico, 
Tercei ra ,  Sao Jorge, and Graciosa) during 1 983-
84 .  In  these is lands, the  dec l ine was at the  t ime 
associa ted with a hypothetical " l impet d isease" 
with unknown causes. In 1 985 ,  harvest ing of 
l impets was banned in the central group (SANTOS 
et a l .  1 990;  MENEZES 1 994). This measure, 
however, i ncreased the exploitat ion in the other 
is l ands, main ly in  Sao Miguel and Santa Maria 
(Eastern group), which lead to a d isruption of the 
stock .  I n  an effort to save the stocks, a law was 
approved i n  1 989, which prohibi ted a l l  l impet 
harvest in the Azores. However, in September 
1 990, non-commercia l  catch q uotas were 
estab l ished for the Western group (Flores and 
Corvo) (MENEZES et a l .  199 1 ) .  With access t o  snorke l l i ng and scuba d iving 
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In 1 993 ,  i t  became evident that the adopted 
measures were not suffic ient  to contro l  i l legal 
captures. The l impet price on  the " black-market"  
rose and the number of harvesters i ncreased. For 
this reason, the Regional D i rectorate of Fisheries 
(DRP) in co l l aborat ion wi th  the Department of 
Oceanography and Fisheries (DOP) made 
contacts with harvesters i n  order to draft a law 
that would a l low a sustainable harvest a nd 
management of the l impet resource. The resul t ing 
legislat ion was publ ished i n  July 1 993 .  

The fol lowing measures were taken : 
l .  Harvesters have to obta in  a l icense, and 

declare al l  the catches by mainta in ing a 
capture logbook - l impet  capture diar ies; 

2. A closed season was i mp lemented from 
October 1 to May 3 1 ;  

3 .  A min imum land ing s ize was imposed for 
both species: 55 mm for Patella 
ulyssiponensis aspera and 30 mm for the P. 
candei; 

4. Several reserves and zones with regulated 
harvesting were created on each is land ; 

5 .  Since 1 996 the DRP has only issued l icences 
to harvesters who dec l ared catches in the 
previous year. 
The aim of th is  paper is  to analyse the results 

obtained by the i mplementation of the 1 993 Jaw, 
to suggest mod i fications that should lead to a 
sustainable management o f  this resource i n  the 
Azores. 

METHODS 

The analysis is based on d ata from the i ndividual 
"l impet capture d iaries", wh ich  are fil led i n  by 
each harvester every t ime t hey sel l catches at the 
official auction (LOTA <;OR - Azorean market 

serv ices) . In each d i ary entrance, besides the tota l 
weight o f  each species, the ident i ficat ion o f  the 
harvester, date, local i ty and method of capture, 
effort ( t ime), and the environmental cond i t ions 
are registered. These diaries are sent to DOP 
every month where the data are in troduced in to a 

Microsoft Excel computer database. 
In this study we ana l yse the catches per un i t  

effort (CPUE) variat ions and  the  evolution o f  t he 
captures i n  each is land .  The percentage of 
captures of each species is  calculated based on  the 
total landings of this period . The CPUE ( i n  
g/min)  were ca lcu lated for each i ndi vidual catch 
(d iv id ing the capture weight - g, by the effort -
minutes) .  

RESULTS 

The number of l impet capture d iaries received 
each month at DOP is presented in Table 1 .  After 
1 996 the number of d iaries submitted i ncreased 
substant ia l ly .  

LANDINGS 

Ninety three percent of the total weight of catches 
belong to the species P. u. aspera the rema i n i ng 
7% belong to the species P. candei. 

The total landings declared during 1 993 was 
very low (37 kg) with only 3 land ings recorded 
for that year (Fig. 1 ) .  I n  the fol lowing year the 
total landings i ncreased to 1 .734 kg. In 1 995 there 
was a decli ne, but from 1 996 to 1 998  the landings 
i ncreased every year. The highest vo lume of 
landings s ince the i mplementat ion of the 1993 
law, was recorded i n  1 998 (6. 1 87 kg) . 

Table 1 
Number of l impets capture d iaries received each month at DOP, during the period 1 993- 1 998.  

Year 
Month 1993 1 994 1995 1996 1997 1998 
June 42 37 25 98 1 00 
July 29 27 59 1 08 1 1 9 

August 1 48 23 30 75 74 
September 2 28 3 1 2  7 1  47 

Total 3 1 47 90 1 26 352 340 
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Fig. 2 .  Total annual l andi ngs ( i n  kg) per mont h  and the  mon th ly  mean during the open season from ! 993 to ! 998. 

For a l l  years the land i ngs are h ighest at the 
beginning of the open season, in June and July,  
after which they start to decrease (Fig. 2) .  

Terceira is  the only is l and wi th  land i ngs 
declared for the whole 6 year period (Fig. 3). In 
P ico the l andings i ncreased every year from 1 994 
to 1 998 and this isl and presents the highest total  
landing weights i n  the arch ipelago. I n  Faial and 
Sao Jorge the l andings h ave i ncreased a lmost 
every year and in 1 998 they reached 394 and 9 1 4  
kg, respectively. The others 3 i sl ands showed 
very low l andings. In 1 998 ,  Pico l andings (4,229 
kg) represent about 70% of  the total l andings i n  
the arch ipelago in  t h i s  year. 

Only 32 out of 54 possib le  zones of 
exploitation have been effect ively exploi ted (Fig. 
4) . The resu l ts show that on ly in P ico and Sao 
Jorge all possib le zones of exploitation were 
effectively exploited .  Zones 24 and 25 i n  
Terceira, and 10 ,  1 4 ,  15  and 1 6  i n  Pico 
correspond to the regions were the harvesters 

declared the h ighest l impet catch. In the 
remaining zones the declared catches were less 
than 200 kg/year. In the archipe lago the most 
exploited zone during this period, is zone number 
16 ( in  P ico) with a total catch of 2,225 kg. 

Catches per unit  effort (CPUE in g/min) 

The mean capture per unit  effort (CPUE in g/min) 
increased from 1 993 to 1 994, and decreased i n  
1 995 (Fig. 5) .  After 1 995,  the mean CPUE 
increased annua l ly  and in  1 998 the h ighest effort 
was recorded ( 1 44 .94 g/min). 

The CPUE d iffers from is land to i sl and (Fig .  
6) .  Santa Maria and Faia l  is lands have the lowest 
CPUE, 42.4 and 8 1 .5 g/min. ,  respect ively. 
Graciosa ( 1 53 .6  g/min .) ,  P ico ( 1 55 .9  g/min.)  and 
Sao Jorge ( 1 50. 1 g/min.)  presents the h ighest 
CPUE values. 
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1 998. Inside each c i rcle are the total landings (in kg) declared for that  zone. 

DISCUSSION 

The majori ty of l i mpets were harvested in the 
Central group mainly on Pica and Terceira 
islands. On Sao Jorge and Faial the harvests were 
lower but showed an increasing trend. The 
catches declared from Santa Maria ,  Graciosa and 
Flores is lands were sporad ic .  Th i s  i s  probably due 
to the fact that these three isl ands are less 
popul ated and the few regis tered harvesters 
probabl y sel l their catches to their neighbours. 
From Corvo and Sao Miguel is lands no catches 
were recorded in this period. These variations 
seem to be rel ated to d ifferent factors (e.g. low 
stock levels in Santa Maria and Sao Miguel) .  

The prel iminary results from a biomass survey 
in progress at DOP show that on isl ands most 
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affected by the stock dec l ine in the mid 1 9 80s 
(Pico and Faia l )  the l i mpet populations have 
recovered (FERRAZ et al . 1999). On the o ther 
hand, on Santa Maria where the stock was over
exploited, the popu la tion has been depleted . In 
general , the Centra l group popul ations h ave 
recovered from the morta l i ty that affected them i n  
the 19 80's and commercial exploitation i s  now 
possible .  The Eastern group has not recovered 
from over-exploi tation and as a preven t ive 
measure the explo i tation should be stopped or at 
least reduced. 

The substantial increase of landi ngs in  1 997 
and 1 998 appear to be connected with the l icence 
issu ing policy implemented by the DRP after 
1 996. Several harvesters who had l icences si nce 
the beginning of the present legislat ion ( 1 993) 



0\ 
w 

�39. 1 

I 
.---'-L-JJLAJU<O 46 

39.0 
Zone 47 

38.9 

38.8  

38.7 

38.6  

··3 8.5 

3 8.4 

28.4 28.0 27.8 

Fig. 4 (conti nued) .  The total l impets catches declared for each explo i ted zone in central group of i s lands, from 1993 to 1 99 8 .  I ns ide each c irc le  
are the total landings ( i n  kg)  declared for that zone. 



JOO 

2 5 0  

200 

'2 

� 1 5 0  
� 
::> 
Q., 
u 

1 0 0  
® 

5 0  

1 99 3  

f 
1 994 1 99 5  1 99 6  

Y e A r  
1 9 9 1  

D 

I M o n t S D  
M e a n · S D  

D M c a n t S E  
M c a n - S E  

1 9 9 8  0 M e u  

Fig. 5. Mean captures per unit of effort (CPUE in  g/min) during the period 1993- 1 998_  SD - Standard 
deviation; SE - Standard error. 

JOO 

240 

.: 1 80 

@ 
·e D � D 

!§ 1 1 0  

f 
Q., 
u 

60 

� I M " n t S  D 
M e a n -SD 

CJ M e > n t S E  
M ra n - S E  

Faial FlorC":i Gntins1  P i  co Sanu Maria Sao Jorge Terce in D M e a n  

I s l And  
Fig .  6 .  Mean captures per unit  of effort (CPUE in  g/min) for each i s land from 1 993 to 1 998 .  SD -
Standard deviation; S E - Standard enor. 

only started to declare their catches after 1996.  
We believe that  th is  measure has helped to 
prevent some of the i l legal catches recorded by 
FERRAZ ( 1 998) .  

The i mplemented ru les ( 1 993 l aw) are 
bel ieved to have helped the growth of the limpet 
population in the Centra l group.  However, they 
have not been so successful in the Eastern group.  
For this reason i t  i s  necessary to improve current 
legislation and promote active inforcement by the 
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local authorities as well as increase public 
awareness and information on this issue. 
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INFLUENCE OF TEMPERATURE AND PHOTOPERIOD ON THE 
MATURATION OF TI-ffi SEMINAL VESICLE AND ALBUMEN GLAND IN 
O.A-ychilus (Drouetia) at/anticus (GASTROPODA:  PULMONATA) 

TRIST AO DA CUNHA, R . ,  A.  S. RODRIGUES & H. S OUSA 

TRISTAO DA CUNHA, R. ,  A.S .  RODRIGUES & H .  SOUSA . 200 1 .  The influence of 
temperature and photoperiod on the maturation of the seminal vesicle and 
a lbumen gland in Oxychi/us (Drouetia) at/anticus (Gastropoda :  Pulmonata) . 
A rquipelago .  Life and Marine Sciences. Supplement 2 (Part B ) :  67-70. Ponta 
Delgada. ISSN 0873-4704 . 

The l and snai l Oxychi/us (Drouetia) at/anticus is endemic to Sao M iguel (Azores). Tn t his 
species, the reproductive system, especially the glandular organs, changes i n  s ize and shape 
during the reproductive cycle. As maturation-diagnost ic  organs, the seminal vesicle and the 
albumen gland have complementary in terpretations. Whi l e  the former is appropriate to 
establ ish the phase of the pre-copulatory and copulatory periods the latter appears a more 
accurate way to define pre-egg- l aying and egg- laying periods. Concerning the eiTects of 
photoperiod and temperature on both organs, i t  seems that  whi le  the former triggers the 
phys io logical phenomena related to reproduct ion,  inducing the semi na l  vesicle and the 
albumen gland to mature, the l atter acts mainly as a regulatory factor for these organs. 
del i mi t i ng  the dist inct phases of reproduct ion.  

R. Tristiio da Cunha (e-mail: rcunlw @notes. uac.pt), A .  Rodrigues & H. Sousa, 
Un iversidade dos Ar;ores, Departamento de Biologia, Rua da Miie de Deus 58, P T - 950 1 -
801 Ponta De/gada, Portugal. 

INTRODUCTION 

Oxychilus (Drouetia) at/anticus is a l and snail 
endemic to Sao Miguel (Azores). In  this species, 
as in S tylommatophora in genera l ,  the 
reproductive system changes in s i ze and shape 
during the reproduct ive cycle. T hese changes, 
which are better seen in glandu lar organs such as 
the seminal vesicle and the spermoviduct, may be 
used to d iagnose maturation (RODRIGUES 1995) .  

Although stylommatophorans are 
simultaneous hermaphrodi tes, some species 
reveal a form of protandry (BAUR 1 994) in which 
the male function reaches matur i ty before that of 
the female (SOKOLOVE & MCCRONE 1 978) .  In 
Oxychilus at/anticus, gonadal maturation is 
characterized by an earlier development of 
spermatogenesis  fol lowed la ter by vitel logenesis 
of the oocytes, subsequently showing 
spermatozoa and oocytes side by side in the same 
acinus (RODRIGUES 1 995) .  

The al bumen gland, which is a female organ, 
i s  a compound a lveo lar gland (TOMPA 1 984), 
very s imi lar in  Stylommatophora in  general 
(NOYCE 1 973) and it is the last part of the 
reproductive system to develop, changing in s ize 
and colour in adu l t  snai ls (R!GllY 1 963;  RUNHAM 

& LARYEA 1 968;  ELS 1 97 8 ;  TOMPA 1 984). 
Reproductive development is  controlled by 

endocrine mechanisms, induced by environmental 
parameters, mainly photoperiod and temperature 
(TOMPA 1 984;  B AKER 1 988) .  

According to B ECK ( 1 968) photoperiod 
promotes the synchrony of internal functions that 
regulate b iological systems, as well as affecting 
every organism in  i ts geographica I d istribution, 
seasonal b iology, growing, shape, metabolic rates 
and behaviour. 

In Order S tylommatophora, PAR IV AR ( 1 97 8) 
found that temperature affects the gonadal 
development and the rel ati ve proport ion of male 
and female gametes, a l though it affects 
spermatogenesis more than oogenesis (SM ITH 
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1 966), and it is the key factor to mttt ale 
spermatogenes i s  and egg laying (TOMPA 1984) .  
Life cycles and l i fe spans are a lso affected by 
changes in both temperature and photoperiod 
(UM INSKI 1 975 ; TOMPA 1 9 84; SACCH I 1 990) . 

The aim of this study is i) to test the val id i ty 
of the a l bumen gland as a new d iagnostic organ 
of sexual maturity, us ing the seminal  vesicle as 
the reference organ (RODR IGUES 1 995), and i i ) to 
relate the general development of both organs 
with photoperiod and temperature along the 
reproductive cycle of the species. 

SAMPLING SITE 

The cl imate of the is l and is of the humid Atlantic 
type, characterised by pro longed rainy periods in 
winter and spring, m i l d  temperature (mean 
17 .5°C), very high a i r  rela t ive humidi ty (>80%) 

and soi l  moisture, even during the summer 
months (BETIENCOURT 1 977). Photophase in the 
Azores, located between 36°55'N - 39°45'N and 
24°45 'W - 3 ! 0 1 7'W, ranges from around 1 0  hours 
in January, to 1 4h30' in June (Fig .  l A) ,  

decreasing at the same rate after Ju ly  (BECK 

1 968). 

The sampl ing site, Abelheira, lies about 4 km 
north-east of Ponta Delgada, 1 30 m above sea 
level .  Data on temperature from the 
meteorological station Afonso de Chaves, was 
used to characteri ze Abelhe i ra d uring the 
sampl ing period. 

MATERIALS AND METHODS 

Sampl ing of Oxychilus atla��ticus at Abelheira 
started in November 1 993 and lasted unt i l  
December 1 995 .  For the study of the seminal 
vesicle and the a lbumen gland, 10 individuals 
with the highest shel l  d iameter were selected 
from each monthly sa mple,  s ince this parameter is 
considered to be the most rel iable estimator of 
age (CHARRIER & DAGUZAN 1 978 ) .  

I n  order to examine t he  correl ation between 
abiotic parameters and the seminal vesic le and 
al bumen gland, data were organized in four 
sampl ing periods, winter 1 993-spring 1 994, 
summer-autumn 1 994, winter 1 994-spring 1995,  
and summer-autumn 1 995 .  
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The seminal ves ic le was class ified accord ing 
to one of ihe three degrees of development 
establ i shed by RODRIGUES ( 1 995), based on 
externa l morphol ogy: 1 )  narrow and stra ight; 2) 
of i ntermed i ate th ickness and s l ightly folded 
(coiled) ;  3) thick and heav i ly  coiled. 

The a l bumen gland was measured wit h  
EDUSKAN-3 . 1 ,  a program developed by 
B ELLlDO ( 1 993) . Month ly va lues of the albumen 
gl and were d i vided into four s ize c lasses: 1) sma l l  
[<5.0x 1 05 JJ.2] ;  2) o f  intermediate s ize [5 .0x 1 05-

1 0.0x 1 05 p.2] ; 3) large [ 1 0.0 1 x l 05-20.0x 1 05 112] ,  
and 4) very large [>20.0 1 x 1 05 JJ.2] . These s ize 
classes were cons idered to reflect the sequence of 
physiological changes exh ib i ted by the a l bumen 
gland during growing. 

RESULTS 

In the individuals of Oxychilus at/anticus stud ied, 
the maximum shel l  diameter (SO) ranged from 5-
6 mm in  January-February to 8-8.5 mm i n  late 
autumn and early w inter. The pattern o f  growing 
was very s im i l ar from year to year, i nd icat i ng an 
annual l i fe cycle with a maximum longevity of 1 8  

months (TRISTAO DA CUNHA 1 995) . 

Accord ing to the degree of maturity shown by 
the seminal  ves icle, ind i viduals were immature or 
undergoing maturation between January and May 
and mature between June and November
December (Fig. l B ) .  

Measurements of the area (si ze) o f  the 
al bumen gland (Fig. 1 B) show that the organ was 
not developed between January and June, s l owl y 
began to i ncrease between June and October, and 
reached the h ighest area in November-December. 

PHOTOPHASE VS. SEM INAL VESICLE AND 

ALBUMEN GLAND 

There is a strong correlat ion (r2=0 .942 , P=O.O 1 ,  

N=260) between photophase and the degree of 
maturity exhib i ted by the seminal vesicle. The 
organ ts fu l ly  developed in June, when 
photophase is at i ts maximum ( 1 4h30'), and 
remains mature unti l  November-December, 
despite the decrease of photophase (Fig. 1 A and 
B).  
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( • ) and s ize (/}) of the A l bumen Gland (average ± sd) ( --<>---) of 0. at/alllicus, between November 
1 993 and December 1 995 ,  at Abel heira. 

Photophase and albumen gland ex h ib i t  a 
simi lar general pattern but the highest values of 
the former ant icipate those of the latter by 6 
months. The correlation between them is low 
(r2==0.523, P==O. l O , N==260). In June when 
photophase is at its maximum, the a lbumen gland 
starts to develop, reach ing the h ighest size in  
December, despi te the  decrease i n  photophase 
(Fig. !A and B) .  

TEMPERATURE VS .  SEMrNAL VES ICLE AND 

ALBUMEN GLAND 

There is a strong correlation between temperature 
and seminal vesic le (r2==0.95 , P==O.Ol ,  N==260). 
The organ is immature when temperature is lower 
than 1 6° C and ful l y  developed when temperature 
is  h igher than 1 8° C (Fig. l A  and B ) .  

The correlation between temperature and 
al bumen gland development is h igh (r2==0. 847 
P==O .O 1 ,  N=260). Maximum values of temperature 

ex hibit  a delay of two months rel at ive to the 
h ighest measured area of the albumen gland (Fig. 
l A  and B ) .  

DISCUSSION 

i) IS THE ALBUMEN GLAND A NEW DIAGNOSTIC 

ORGAN OF SEXUAL M ATURITY? 

From data on shell diameter, seminal vesicle 
maturity and al bumen gland size, i t  i s  possi ble to 
establ i sh that the reproductive system of 
Oxych ilus at/anticus develops gradual ly as the 
an imal grows and it appears to be fu l ly developed 
when i t  reaches around 7.5 mm diameter, 
between June and November. 

However, the pattern of maturation in both 
organs is dist inct.  The seminal vesicle is mature 
between June and November, which is i n  
accordance wi th RODRIGUES ( 1 995), wi th 
speci mens i mmature the rest of the year. The 
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albumen gland starts to develop by June but the 
rapid en l argement only occurs in October -
November, s ignal ing final maturat ion and 
vi tellogenesis of the oocytes in the gonad .  A 
simi l ar general pattern was also observed by 
R IGI3Y ( 1963) ,  in 0. he/veticus, and by SOKOLOVE 

& MCCRONE ( 1 978) ,  in  Lim ax maximus. 

As maturat ion-diagnostic organs of sexual 
maturity, the a lbumen gland and seminal  vesicle 
have complementary interpretations. The seminal 
vesicle may be used to establ ish the phase of the 
pre-copulatory and copulatory periods, the 
a lbumen gland seems more accurate to define 
pre-egg-laying and and egg-laying periods .  

i i )  EFFECTS OF PHOTOPHASE AND TEM PERATURE 

ON TH E SEMINAL VESICLE AND ALBUMEN GLAND 

According to the data presented, photophase 
correlates with and probably triggers the 
physiological phenomena related to reproduction, 
inducing the sem inal vesicle and the albumen 
gland to i ncrease in s ize, wh i le temperature acts 
mainly as a regula tory factor for these organs, 
making a clear demarcation between the d is t inct 
phases of reproduction. Further work will be 
needed to test these hypot heses among. 
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MORPHOLOGY AND HISTOLOGY OF THE DIGESTIVE GLAND OF Q,,ych ilus 
(Drouetia) atlanticus (MORELET & DROUET) (GASTROPODA : PULMONATA) 

M. LOPES , A. RODRIGUES & I. MARIGOMEZ 

LOPES , M, A. RODRIGUES & I. MARIGOMEZ. 200 1 .  Morphology and hi stology of 
the d igesti ve gland of Oxychi/us (Drouetin) allanlicus (Morele! & Drouet) 
(Gastropoda:  Pulmonata). A rquipe!ago, Li fe and Marine Sciences. Supplement 
2(Part B ) :  7 1 -76 .  Ponta Del gada. ISSN 0873-4704 . 

Lillie information exists on the h istology of Zoni t idae digestive system. This  study deals 
with a deta i led characterisation o f  the di fferent types of ce l l s  comprising e pi thel ium l i n i ng 
the digest ive gl and of O.I)'Chilus atfalllicus. From l ight and scanning electron microscope 
(SEM) studies, three types or d i fferentiated ce l l s  can be ident i fied in  the d igest ive gland:  
d igestive cel l s .  excretory ce l l s  and calc ium cel ls .  Digest i ve cel ls  are the most numerous, 
and are present in two forms, one bel ieved to be absorbi ng food material and the other 
secret ing materi a l .  Excretory cel ls are d is t i ngu i shed by having a large central vacuole, 
containing excretory granu les. Calcium cel l s  contain spheru les of calcium sal ts. which h ave 
a characterist ic b irefringence. 

M. Lopes, A .  Rodrigues, (e-nwil: rodrigues @noles. uac.pl), Universidade dos At;ores, 
Depar/a/lle/110 de Biologia, Rua da Miie de Deus 58, PT - 9501-801 Ponw De/gada, 
Ponugal: I. Marigo111ez, Biologia Zefularm A r/oa, Zoologia eta Animali Zelulen Dinamika 
Saila, Euskal Herriko Unibertsiwtea. 644 P. K. ES - 48080 Bilbao, Spain. 

INTRODUCTION 

Oxychilus (Drouetia) atlanlicus, a terrestrial 
zonit id gastropod endemic to Sao Miguel is land 
(Azores) ,  has been successfu l ly  subjected to 
predatory experiments on Lymnaea tmncatula, 
thus showing the carni vorous behaviour of the 
species under l aboratory condi t ions (CUNHA 

1 99 1  ) .  Further works, concerning the analyses of  
stomach contents from indi viduals col lected in 
the field ,  have shown the omnivorous tendency of  
th i s  group i n  natural condi t ions (LOPES et a l .  
1 997). 

Some stud ies have been undertaken 
concerning the a l imentary preferences within the 
fami ly Zoni t idae (B OYCOIT 1 934 ;  FROMMING 

1 954;  RONDELAUD 1 97 5 ;  MORDAN 1 97 7 ;  
RONDELAUD 1977 ;  DID IE R  & RONDELAUD 1 989) 
but only a few on the anatomy and histology of 
the a l imentary tract (R IGBY 1 963 ;  LOPES et a l .  
1 998). 

The d igestive system of gastropods i nc ludes, 
besides the a l i mentary t ract, the d igest ive gland, a 

vo luminous organ ,  which develops from the 
endoderm and const i tutes a l arge part of the 
visceral mass (KRESS et al. 1 994). This g land ,  
a lso cal led mid-gut gland, is a much-branched 
organ rami fying through most of the visceral 
mass and ending in numerous b l ind,  smal l 
tubules. The tubules open into ductules wh ich 
join to form ducts, and latter combine to form the 
hepatic ducts wh ich empty i nto the stomach 
(GRIEBEL 1 993) .  

Accord ing to OWEN ( 1 966) the d igest i ve 
gland is thought to perform the fol lowing 
functions: absorpt ion of i ngested food mater ia l ,  
extrace l lu lar and in tracel lu lar digest ion,  secret ion ,  
excret ion and osmoregulation. 

Histological stud ies on the gastropod digestive 
gland have shown that  cel ls structure and function 
vary even within the same group (KRESS et a l .  
1 994). Accordi ngly, several d ifferent types o f  
cel ls have been ident ified and described in  the 
digesti ve gland. The most common types of cel l s  
are : d igest ive cel l ,  microtubule-containing cel l ,  
minera l-contai n ing granule cel l ,  excretory cel l 
and calc ium cel l  (RIGBY 1 963 ; LUFTY et a l .  1 967 ; 
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WALKER 1 970; KRESS et a l .  1 994; GRfEBEL 
1 993) .  

The present study provides a detailed 
characterisation of the d i fferent types of cel l s  
l ining the d igest ive gland epi thel ium of 0. 
at/anticus and, in the process , attempts to 
describe the morphological organisation of the 
gland. 

MATERIAL AND METHODS 

Specimens of O:xychilus at/anticus were col lected 
at Abelheira near Ponta De lgada (Sao Miguel 
Is land) . 

For l ight microscopy, specimens were 
d issected and the digest ive gland removed and 
fixed in Bouin.  Fol lowi ng fixation, the material 
was dehydrated and then, embedded in paraplast 
and stained with Haematoxyl in!Eosi n  (MARTOJA 
& MARTOJA-PEARSON 1 970) .  For the detection of 
calcium, materia l  was fixed i n  Carnoy and subject 
to the S toeltzener process (MARTOJA & 
MARTOJA-PEARSON 1 970) . The blocks of 
paraplast were cut to the th ickness of 7 �m. 

For scanning electron m icroscope (SEM) 
examination, a particular procedure was fol lowed. 
The material was fixed in Bouin and embedded i n  
paraplast, a method usua l l y  fol lowed for routine 
optical microscopy. Following this procedure, 60 

�m sections were cut, producing b locks with 
regular surfaces. The b locks were then submitted 
to a dehydration procedure and fina l ly  i mmersion 
in hexamethyldis i lazane. The l iqu id  phase of the 
hexamethyldis i lazane evaporates in  a few 
m inutes, leaving cel l s  whose ultrastructure i s  
comparable t o  that o f  t h e  cel l s  dried by crit ical
point drying (GOLDSTEIN et al . 1992) . For 
stereology studies ,  i n  order to obtain the relat ive 
frequency of the d ifferent cel l s  types, was used 
the ret icule Weibel Mu l tipurpose Test System 
M 1 68 (WEIBEL 1979). The reticule was 
superimposed on the i mage of the d igestive gland 
tubules using a drawing-tube adapted to a 
microscope Leitz Labor lux S (Leica). The 
sections of each portion of the d igesti ve gland 
were randoml y  selected and v iewed at lOOx . 
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RESULTS 

The hepatic ducts of 0. at/anticus are I ined by a 
c i l i ated columnar epi thel ium laying on a th in 
basement membrane. 

The fresh digest ive gland is general l y  
yel lowish-brown and consists o f  a single layered 
epi thel ium,  supported by a th in  basement 
membrane bound by connective tissue and muscle 
fibres. 

Accord ing  to structural features, three types of  
cel ls are identified with in  the d igesti ve gland 
epithel i um :  Cell type I, Cel l type II and Cel l type 
III (Figure 1 ) .  

Cel l  type I (Figure 2
! A) 

The Cel l  type I is the most abundant i n  the 
digestive gland ,  correspond i ng to 82% of  the 
l i n ing epithel ium.  They are columnar in  shape 
with apical wa l l s  ei ther level or round in contour. 
The cells  with level apical surfaces possess a well 
developed brush boJ:der, in contrast with the ones 
that have rounded apical surfaces, where the same 
structure is less conspicuous. These cel ls  average 
50 �-tm in height and 17 �-tm in basal wid th .  Nuclei 
are basal and ova l ,  and nuclear chromati n  can be 
observed as smal l  granules. Much of the cell 
volume is fi l led with granules that g ive a range of 
colours, according to their stain reaction. 

Cel l type II (Figure 2, B) 

These cel ls are globular, averaging 30 �m in 
height and 1 3  �-tm in  basal width. Much of the cel l 
volume is taken up by a spherical central vacuole. 
W ithin th is ,  there are excretory granules, which 
ei ther occur s ingly or are joined in sma l l  groups. 
The free surface of t he cel l  presents a well 
defined brush border. The nucleus is  basal when 
the ce l l  reaches the mature stage, corresponding 
to the vacuole maximum volume. The cytop lasm 
presents granules that give a s imi lar stain react ion 
as the ones found i n  the cel l type I .  Cel l type II 
corresponds to 1 0% of  the l ining epi thel ium.  



Figure l .  D i gestive gland epi thelium. C I, Cell type I ;  C I I ,  Cell type I I ;  C I I I ,  Cell type I I I .  Scale bar 1 0  �m. 

Cell type II (Figure 2,  B)  

These cel ls a re  globular,  averaging 30 �-tm in  
height and 1 3  �-tm i n  basal width. Much of the cel l 
volume is taken up by a spherical central vacuole. 
Within this,  there are excretory granules, which 
either occur singly or are joined in small groups. 
The free surface of the cell presents a wel l  
defined brush border. The nucleus i s  basal when 
the cell reaches the mature stage, corresponding 
to the vacuole  maximum volume. The cytoplasm 
presents granules that give a simi lar stain reaction 
as the ones found in the cel l  type I .  Cell type II 
corresponds to 1 0% of the l i n ing epithelium. 

DISCUSSION 

The hepatic ducts are responsible for the transport 
of materials to and from the d igestive gland . This 
function is assisted by features of i ts l ining 
epithel ium, where the movement of the ci l ia  
creates a current that  a ids the transport of 
particles into the digest ive gland, whereas a 

continuously produced secretion flows out of i t  
(VAN WEEL 1 950) .  

The d igestive g land epithel ium of 0. 
at/anticus is composed of th ree distinct types of 
cel ls :  Cell type I, Cel l type II and Cel l type III .  

Fol lowing the structural description of the 
d igesti ve gland of Ag riolimax reticulatus 

(WALKER 1 970), the cel l types found in 0. 
atlanticus correspond, respectively, to d igestive, 
excretory and calcium cells. Therefore, our results 
are in  contrast with the two types of cells 
described by RIGBY ( 1 963) for 0. cellarius, 

digesti ve and excretory cel ls .  Other authors have 
also described the same three types of cel l s  for 
various pul monates (VAN WEEL 1950;  GUPTA 

1 977;  DIMITRIADIS & HONDROS 1 992) . 
As suggested by DIMITRIADIS & HONDROS 

( 1992) for Helix Lucorum, in  0. atlanticus the 
digestive cel ls const i tute the major part of the 
l ining epithel ium.  

The range of colours observed in the digestive 
cells cytoplasm of 0. at/anticus could be 
explained, according to KRESS et a l .  ( 1 994), by 
food vacuoles at d i fferent stages of d igestion. 
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Fig. 2 .  Digestive g land epi the l ium (S .E .M.) .  A (sca le bar 1 0  �lm), Digesti ve cel l ;  B (scale bar 5 pm), 
Excretory cel l ;  C (sca le bar 16 pm), Calcium cel l .  L ,  Lumen ; * Vacuo le; • B rush border; � ca lc ium 
spherules. 

On account of the ir  structural features, the 
d igest ive cel ls can be  d i vided in two d i fferent 
forms: one, bel ieved to be absorbing food 
mater ia l ,  has a level apica l  surface that  possess a 
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wel l developed brush border, wh i le  the o ther, 
main ly  i nvol ved in  secretion, presents a rounded 
apical surface wi th  a less conspicuous brush 
border. The presence of two d igest ive cel l  forms 



has been referred to t n  other pu l monates 
(DAGUZ.<\N 1 985 ; WALKER 1 970). 

The s imi lar  react ion of the granules found i n  
digestive and excretory cel l s  o f  0 .  at/anticus 

suggests a close affin i ty between both types of 
cel ls .  This reaction was a l so noted for other 
species by WALKER ( 1 970) and DAGUZAN 

( 1 985), who considered that  excretory cel ls are 
derived from d igest ive cel l s .  

Calcium cel ls  are characterised by  the 
presence of calcium salts, g iv ing a strong pos i t ive 
reaction to the Stoe l tzener test . The function of 
the calc ium reserves is not yet certa in  but, 
accord ing to the l i terature, i t  i s  bel ieved to 
participate in many i mportant  calcium dependent 
metabol i c  reactions, such of shel l  construction 
and repair,  pH regu lat ion at the d igest ive tract ,  
and in the reproduct ive process (WALKER 1 970; 
GUJYTA 1977;  S TMKISS & MASON 1 983 ;  IRELAND 

& MARIGOMEZ 1 992). 

The use of spec ia l  procedures to prepare SEM 
material provided c lear cuts (see figure 2,  A, B 
and C) for 3 -D observation and i nterpretation. 
Besides, they cou ld be compared with 
h istological  sections for l ight microscopy, which 
were used as templates. 
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COMPARATIVE STUDY OF THE GONADAL INDEX OF Diadema antillarum 
(ECHINODERMATA: ECEIINOIDEA) BY TWO METHODS AT GRAN CANARIA 
ISLAND (SPAIN) 

M.J.  GARRIDO & R.J.  HAROUN 

INTRODUCTION 

GARR IDO, M.J .  & R.J .  HAROUN. 200 1 .  Comparat ive study of the gonadal index of 
Diadema antillamm (Ech inodermata: Ech inoidea) by two methods at Gran 
Canaria Is land (Spain). Arquipelago. Life and Marine Sciences. Supplemen t  2 
(Part B ) :  77-8 1 .  Ponta Delgada. ISSN 0873-4704. 

Du1ing the last decades the popu lat ions of the sea urch i n  Diadema antil/anrm Phi l ippi ,  
I 845 have experienced a great increase in  densi ty and distribution along the Canarian 
coasts. Diverse aspects of i ts biology have been reported e l sewhere; however, no data are 
avai lable on the reproductive effort of this sea urchin species at Canary Islands. The 
object ive of th is  study is  to eval uate the monthly evolut ion of the gonadal index of D. 
antillarum during an annual cycle comparing two d ifferen t  methods in  order to determine 
which is more suitable. Samples were col lected month ly  in Gran Canaria Island from 
January 1 997 to M arch 1 998 at two locations (Puerto S ardina and Puerto Rico), wi th 
different  oceanographic conditions. The gon ada l i ndex was calcu lated month ly  by two 
methods previously tested in sea urchins by other authors: (a) the ratio of gonadal vol u me 
to dry body weight and (b) the rat io of gonada l volume to body volume. Both gonadal 
i ndexes showed the same trend with a maximum in Apri l - M ay and minimum in September

October. 

Mateo J. Garrido (e-mail: mgarrido @biolog ia. ulpgc. es), Ricardo J. Haroun Dpto. de 

Biologfa. Fac. de Ciencias del Mar. Universidad de Las Pa/mas de Gran Canaria. ES -

35017 Las Palmas de Gran Canaria, Spain. 

Gran Canaria is land is located between Tenerife 
and Fuerteventura is lands i n  the Canarian 
Archipelago at 28° North l at i tude (Fig. 1 ) .  The 
prevai l ing North-East trades drive the surface 
waters to South, i n  the so cal led Canary Current .  
The mean temperature of coastal surface waters 
from 198 1 to 1 985 in Gran Canaria Island 
attained the min imum between February to Apri l 
( 1 8°C) and the maximum from August to October 
(25°C) (LUNAS 1 988) .  Due to the shadow effect 
of the island, the southern sea surface temperature 
remains warmer during the cool ing of the winter 
months, reaching a d ifference of about 1 oc i n  
February. This s i tuat ion m a y  be a common feature 
in the south of the Canary Is lands (ARiSTEGUI  et 
al. 1 989).  

The main objec t ive of th is contribution is  to 
select the easiest method to quantify the 
reproduct ive effort of D. antillarwn a t  the Canary 
Islands. The annual evolution of the gonadal 
i ndex was therefore monthly measured in  the two 
areas, north and south of Gran Canaria island by 
the two d ifferen t  methods. 

Breed ing periods of tropical ech i noids have 
been described for d ifferent populations by a 
number of authors . In the Caribbean sea 
CAMERON ( 1 986) showed at Puerto R ico that,  
Lytechinus variegatus Lamarck,  1 8 1 6; 
Echinometra viridis A. Agassiz,  1 863;  and 
Echinometra lucunter Linnaeus, 1 75 8  exh ib i t  
reproductive peaks i n  t he  warmest months of  the 
year. In  contrast, reproduction of D. antillarum in 
the tropical western At lantic showed l i tt le 
variation among di fferent populat ions.  Animals 
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were reported to spawn throughout the year i n  
Cura<;ao and the V i rg in  Islands (RANDALL e t  a l .  
1 964). bu t  mai n ly i n  spr ing  i n  Barbados (LEWIS 
1966) , and in fa l l  in the Florida Keys (BAUER 
1 976), wi thout an evident  relat ionsh ip  between 
reproduction and sea temperature fl uctuations. 

MATERIALS AND METHODS 

Field samp l ing 

Two co l lect ing stat ions, Puerto Sard i na and 
Puerto R ico (Fig.  1 ) , which are subjected to 
d i fferent oceanograph ic  condit ions, were sampled 
at month ly i ntervals from January 1 997 to March 

! 998 .  During this study, temperatures were 
measured with a fie ld thermometer every 
sampl ing day (Fig. I ) .  Month ly  col lect ions of sea 
urch i ns were made at approxi mately the same 
phase of the moon (four days after fu l l  moon) to 
min i mise bias i ntroduced by a possib le l unar 
subcyc le  in  spawn i ng (PEAI�SE 1 975) .  The 
specimens were col lected randomly  from both 
stat ions wi th in  24 hours .  In  these eas i l y  access ib le 
stations, l arge natura l  popu la t ions of D. 
antillaru111 were found ,  large enough to sustain 
our regime of sampl i ng without observing any 
change in  populat ion densi ty .  Every month t wenty 
sea urch ins were caught i n  depth less than 1 0 m 
by snorke l l ing  us ing long forceps. 
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Fig. I .  Sampl ing stat ions o f  D. antillamm at Gran Canaria is l and, Puerto Sard ina and Puerto R ico with 
the sea surface coastal temperature water variat ions.  

Laboratory procedures 

The sea urchins col lected were d issected wi th in  a 
day after col lect ion.  Each sea urch i n  was opened 
around the peristome us ing sc issors, without 
taking out the sp ines. T he lantern and the gut were 
removed to obta i n  the gonads .  The volume of the 
gonads was measured to the nearest 0. 1 m l  by 
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d isp lacement in seawater, in a SO ml grad uated 
cyl i nder. Before dissect ion, the test of each 
specimen was measured to the nearest 0. 1 mm 
with a ca l l iper. 

Later, each sea urchin with test ,  l antern, 
spi nes, gut, and gonads was label led and al lowed 
to dry for 24 hours a t  1 1  ooc in a drying oven, 
after which they were weighed to the nearest 
0 .01 g. 



Tab le  l 
Resul t s  of t he l -test analys is  between t he means of t i le gonadal i 1 1dex by bot h met hods. dry weight and volume.  in  

the s tudied l ocat i o ns .  A :.111d B .  corresponding w i t h  Pue rto Sard i n a and Pue rto Rico respect ive ly  . 

.T-97 F M A M J J A S 0 N D J-98 F M 

A .003 -.450 - 1 . 1 7 1 .63 73 1 1 . 1 2  - .209 
p .996 .65 5 .243 . 1 1 0 46') . 2 1 6  . 8:l5 

B .659 - 1 . 58 - 1 .02 .579 - . 855 ! . 50 - . 586 
� . 5 1 3  .874 .253 .5o5 .397 . 1 39 .560 

The gonadal  i n d ices (GI)  were ca lcu la ted by 
two methods, (a) dry wei g h t ,  the ratio of gon�dal 
volume to dry body weight,  m u l t i p l ied by 1 00 
(LESSIOS 1 9 8 1 )  and (b) v o l u me, the rat io o f  
go nadal  vol ume t o  body vol u me ca l c u l a ted b y  the 
formulate V= (4/3 ) n a2 b, where "a" is the rad i us 
of the ambi tus a nd "b''  the rad i u s  th ro ugh the ora l 
aboral ax is  (I LLIFE & PEARSE 1982) .  

Stat is t ica l  analysis 

The t-test was used to compare the near mont h l y  
gonada l  i nd ices obta ined each month b y  t h e  two 
met hod s, d ry wei g h t  and vo l u me, in Puerto Rico 
and Puerto Sard ina .  

To compare t h e  var iat ions of the gonad a l  
ind i ces between loc a t i ons and th rough t ime, two
way analysis f var i ance was cond ucted one for 
each method,  dry weight and vo lu me. 

To carry out the s ta t is t ica l  a n a l ysis  we used a 
Box & Cox tra nsformat ion (GEORGE et a l .  19 89) 
and tested for homogenei t y  of variances us ing 
Cochran's test (GAUNDO V!LLr\RDON 1984).  

RESULTS 

The p v a l ues of the t- test (Ta b l e  l )  are a l l  above 
0.05, i nd icat ing no s i g n i ficant  d i fferences 
between means for each method, d ry wei g h t  and 
volume, at the two studied locat ions through the 
studied period, which means that  both methods 
have equ i valent resu l ts .  

T h e  maximum gona d a l  i ndex b y  t h e  dry 
weight  and volume method (Figs. 2 and 3) were i n  
Apri l -May whereas the m i n i m u m  was on 
September-October. The same results were 
obta ined by the vo lume method.  

1 . 59 - 65i( -.007 .039 - . 1 58 .1(>6 .069 .324 
2 . 1 1  . 5 1 4  9<):> .968 . 875 .7 1 6  .949 .747 

464 - . (,39 - . 855 - 7')5 .4�4 455 .083 -. 1 9:> 
.644 . 5 2(> .1<J7 .43 1 .630 .65 1 .934 .847 

w,---------------------�----------. 
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Fig.  2. M on th l y Gonadal ind ices of D. wll il/am/11 
by dry weigh t method nt Gran Canar i a  is l and . Mean 
and standard deviat ion (vert ical bars). 
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Fig.  3 .  Monthly Gonadal i nd i ces of D. alltillam111 
by volume method at Gran Canaria i s l and. Mean and 
standard clevialion (vert ical  bars). 

The res u l t  of the two way analys is  of varia nce 
for each method , vo lu me and dry weight (Table 2 
and 3) ,  showed that  there were no s ign ifi c a n t  
d i fferences i n  the GI between loca t ions,  
i ndependent of  the method used . However, the 
Month a n d  the i n terac tion between Locat ion
Month were stat is t ical l y  s ign ificant a t  the 95.0% 

confidence leve l . 
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Table 2 
Dry weight method analysis of vari ance with two fixed factors, Locat ion and Month. (N.  S. = non s ignificant) .  

Source Sum of Squares Df 

Main Effects 
Location 0.6609 1 9  
Month 3 2 1 .608 1 4  

Interactions 
LxM 22 .5809 14  

Res idual 4 1 9 .097 570 
Total 763 .947 599 

Mean Square 

0 .6609 1 9  
22.972 

1 .6 1 292 

0 .735257 

F-Ratio 

0.90 
3 1 .24 

2 . 1 9  

Probabi l i ty 

N .S .  
<0.00 1 

<0.05 

Table 3 
Volume method analysis of vatiance with two fixed factors . Location and Month. (N .  S .  = non significant) . 

Source S u m  of Squares D f  

Main Effects 
Location 0 .384422 
Month 273 . 296 1 4  

Interaction 
LxM 27. 8496 1 4  

Residual 4 1 9 .097 570 

Total 638 .065 599 

DISCUSSION 

The same trend in gonada l  reproductive effort was 
observed irrespective the location and the method 
used (Fig. 2 and 3 ,  Table 1 ) .  It is necessary to 
point out that the volume method is faster and 
easier to perform than the dry weight method 
because it can be done completely in  the field. 
The s ize of the month ly sample used was large 
enough (n=20) for our research purposes as was 
indicated by the s imilar standard deviations for 
the different months. 

In  Gran Canaria Island, the gonadal  i ndex of 
D. antillanu11 showed a continuous reproduction 
along the year with a general maximum in both 
locations when the sea surface coastal water 
temperature was sti l l  cold ,  about 20°C, Apri l
May, and the min imum was reached when the 
coastal water temperature was warm, about 26°C, 
September-October. Our results show that the 
monthly variations in GI are not random and some 
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Mean Square F-Ratio Probabi l i ty 

0 .384422 0 .65 N. S .  
1 9.52 1 1  33 .06 <0.00 1 

1 .98926 3 .37 <0.00 1 

0.5904 1 4  

external factors such as temperature and/or 
primary production could have played an 
important role. The field temperature data 
obtained monthly  from the coastal waters were 
highly consistent with the mean temperature data 
for 1 985 to 1 989 (LUNAS 1 988). 

Authors at d ifferent locations have related 
seasonal variations of water temperature with sea 
urchins spawning. This relation was reported for 
D. antillarum by RANDALL ( 1 96 1 ) ,  R ANDALL et 
a\. ( l 964) who observed spawning in winter and 
early spring in Virgin Islands and Cura<;:ao, whi le 
LEWIS ( 1 966) i n  Barbados observed spawning in 
May 1963 and Apr i l  1 964 when sea temperatures 
were about 2rc. LESSIOS ( 1 9 8 1 )  found a major 
peak in October at Fort Randolph but no 
seasonal i ty at Maria Chiquita, Panama (Atlantic 
coast). B AUER ( 1 976) reported the spawn i n  
Florida i n  November ( 1 968) i n  the period of low 
temperatures and suggested a strong relation 
between seawater temperatures and reproduction 



i n  D. antillamn1 at the northern l i mit  of the 
distr ibution of this spec ies. ILLIFE & PEARSE 

( 1 982) also observed this relat ion in  Bermuda: the 
gonads grow main ly in  spring when sea 
temperatures are increasi ng, and spawning occurs 
from early summer to early wi nter. These 
observations together with our data suggest that 
the relationshi ps between temperature and 
reproduction are stronger for D. anti/larum in 
h igher lat i tudes of the Atlant ic Ocean. However 
more seasonal variables as pri mary prod uction, 
should be rela ted with sea urchin reproduction to 
obtain a final conclusion concern ing the factors 
tha t  controls their reproduct ion effort .  
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ASPECTS OF THE REPRODUCTION OF SIX EXPLOITED DEMERSAL FIS H  
S PECIES IN TI-IE AZORES ARCHIPELAGO 

S .  ESTACIO, A. MENDONc;A , H. KRUG, G.M. MENEZES , & M . R .  PTNHO 

INTRODUCTION 

ESTACJO, S . ,  A. MENDONC::A ,  H. KRUG, G . M .  MENEZES, & M .R . PINHO. 200 1 .  
Aspects of the reprod uction of six exploi ted demersal fish species i n  the Azores 
arch ipe lago. A rquipelogo. Life and Marine Sciences. Supplement 2 (Part B) :  83-
94. Ponta Delgada. ISSN 0873-4704. 

Important reproduction aspects of  six demersal species from Azores were studied : red 
(bl ackspot) seabream (Pagel/us bogamveo), bluemouth (Helicolenus daclyloplems), two 
alfonsinos (Bery.\' splendens and Beryx decadaclylus), ye l low-orange scorpionfish 
(Ponlinus kuhlii) and s i lver scabbardfish (Lepidop11s cauda/us). Sex ratios were calculated 
and tested by chi-square analysis. In order to determine t he size at first maturity, maturat ion 
ogives were est imated using Logist ic or Gompertz models. The gonadosomatic index was 
determi ned for those species fo r which the reproductive period was not wel l  known. The 
ratio of males to females was s ign i ficant ly  d ifferen t  (p<0.05) from I :  t for a l l  species: P. 
bogaraveo ( I  : 0.20}, H. daclyloplems ( I  :0 . 86), B. splendens ( I :  1 .25), 8. decadacrylus 
( I :  1 . 38) ,  P. kuhlii ( I :  1 .75) and L. cauda/us ( I :  1 .74) .  Length and con·esponding age (years) 
at first maturity were: P. bogara veo ( females - 29.2 em FL, age 4; males - 26.2 em FL, age 
3), H. c/(ICfyloplems (females - 2 1 . 8 em TL, age 3; males - 28. 1 em TL, age 5), B. splendens 
(females - 23.0 FL, age 2; males - 22.9 em FL, age 2), B. decadaclylus (females - 32.5 FL, 
age 4;  males - 30.3 em FL, age 4), P. kuhlii (females - 22.6 em TL, age 5 ;  males - 29.9 em 
TL, age 9) and L. cauda/us ( fe males - 1 1 4 .9 em TL, age 3 ;  males - 85.0 em TL, age 1 ) . The 
resul t s  were compared with other studies and contributed to  a better knowledge of  the 
bio logy of  these species i n  the Northeast At lant ic .  

Susana £s((/cio (susww @drp. raa.pf}, Secrelaria Regional de Ag ricullum e Pescas, Rua 
Consul Dabney, Colonia Alemcl, PT - 9900-014 Hor/a, Porlugal. - Ana Mendon{:a, 
Helena Kmg, Cui M. Menezes & Mario !?. Pinho, Universidade dos A9ores, Depar/a1nen1o 
de Oceanografla e Pescas, Cais de San/a Cnrz, PT- 9901-862 /-lor/a, Porlugal. 

of these demersal species to overexploi tat ion 
(S ILVA et a l .  1 994; KRUG 1 995). 

S ince 1 982, a s ignificant part of the research 
efforts developed i n  the Department of 
Oceanography and Fisheries (University of 
Azores) has been the study of the b iology and 
ecology of demersal fishes of Azores in order to 
monitor the status of the stocks .  

The publ ished information on red (b lackspot) 
seabream, b luemouth, the two alfonsinos and 
yel low-orange scorpionfish inc ludes studies of 
reproduction from the Azores (KRUG 1 990, 1 995 ; 
ISIDRO 1 989,  1 996). Because there is sti l l  a lack 
of information, this study wil l  contribute 
add itional base l ine l i fe-history knowledge of these 
species in Azorean waters. To date, no studies of 
reproduction of s i lver scabbardfish are known for 
this region.  

The demersal fishery is  a mult i-species fishery 
involving more than 20 species and representing 
economical ly the second most i mportant fishery in 
the Azores region. D istribut ion of these species is 
l im i ted to the edge of the is lands, banks and 
seamounts. Distribution patterns and biological 
characteristics such as hermaphrodi t ism and high 
longevity contribute to a particular vulnerabil ity 

The aim of this work was to study 
reproductive aspects of six important commercia l  
species from the  Azores: red (bl ackspot) 
seabream (Pagellus bogamveo), bluemouth 
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(Helicolenus dactylopterus) , two a l fonsi nos 
(Beryx splendens and Beryx decadactylus) , 
yel low-orange scorpionfish ( Pontinus kuhlii) and 
si  I ver scabbardfish (Lepidopus caudatus). 

MATERJALS AND METHODS 

Fish Sampl ing 

Samples of s ix demersal species from Azores 
archipelago were co l lected year ly in the local 
market from 1 985 unti l  December 1997.  
Thereafter, month ly sampl ing was carried out 
unt i l  Ju ly of 1 998.  During the spri ng/summer 
survey cruises of 1995, 1 996 and 1 997 on board 
the RJV ARQUIPELAGO using bottom long l ine, 
a great number of  specimens was a lso col lected. 
The sampl ing efforts produced a total of 2895 

specimens of P. bogaraveo, 2293 of H. 

dactyloptertts, 806 of  B. splendens, 355 of  B. 

decadactylus, 456 of P. kuhlii and 909 of L. 

caudatus. 
Fork length (em) was measured in P. 

bogaraveo, B. sp/endens and B. decadactylus and 
tota l  length (em) i n  H. dactyloptems, P. kuhlii 
and L. caudatus. The total weight (g) and the 
gonada l  weight  (g) were also obtained . Whenever 
poss ib le,  the sex and maturi ty stages were 
identified macroscopica l ly .  

Three types of ovotestis were ident i fied i n  
hemaphrodites, a s  observed b y  LAl'viR IN I  ( 1 986) i n  
Pagellus a came and by KRUG ( 1 990) in  Page/Ius 
bogaraveo: funct ional  testes wi th  ovarian t issue 
(the ovarian part i s  ha l ted at the early stage of 
gametogenesis), gonads in which male and female 
parts were approxi mate ly  the same s ize but the 
funct ional part was not we l l  defi ned (transi t ional 
stage) and funct ional  ovaries wi th  a degenerated 
test icular part. 

The maturity stages were determi ned based on 
the fol lowing scale, adapted from HOLDEN & 
RA tTI ( 1 974): 0 - Immature, 1 - Rest ing, 2 -
Developing - Beginning and development of 
maturat ion, 3 - Pre-spa wning, 4 - Mature -
Running, 5 - Spent.  
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Data Anal yses 

Sex-ratios were ca lcu la ted and tested for 
deviat ion from l :  I by ch i -square analysi s .  The 
length c l asses were grouped by 10 em intervals i n  
Lepidoptts caudatus and b y  2 em i ntervals i n  the 
other spec ies. 

S ize at fi rst matur i t y  was considered as the 
length at which 50% of the ind iv iduals are mature 
(L50). Maturity stages 1 ,  3, 4 and 5 were 
considered sexual l y  mature.  As i n  LOZANO et a l .  
( 1 990) , t h e  s ize at  first matur i ty (L50) was 
obta ined applying the Gompertz model or the 
Logist ic model and the choice between them was 
determi ned by considering the best coeffic ient of 
determi nat ion (r2) obtained. The models are 
expressed in the fo l lowing way (KAUFMANN 

1 98 1 ;  ISIDRO 1 996) : 

P = l OO x e  
[ - e - a (  L + L i )] 

Gompertz Model 

Logistic Model 

P: Percentage of mature ind ividua ls ,  
a :  Constant ;  the s lope of the asymmetrical curve, 
r :  Constant ;  the slope of the symmetrical curve, 
L: Length c lass, 
Li : Length a t  the i nflection poi nt ,  

L50: Length at wh ich  50% of the  ind iv idua ls  are 
mature or at the i nflection poi nt .  

The age at first maturity was obtained for both 
sexes by us ing the age-length key prev iously 
determi ned by KRUG et a l .  ( 1 998) to determine 
the most frequent age in the  length c l ass 
represented by Lso· 

For f-1. dactylopterus and L. caudatus, the 
season of reproduct i ve act iv i ty was ident ified 
from a gonadosomatic i ndex (GSI) for fema les 
and males separately.  Th is  i ndex was calculated 
from the relat ionsh ip  between gonada l  (GW) and 
total (TW) weights (GSI = GW I TW x I 00) . For 
the others species, in spi te of the great number of 
samples, data were not col lected every month of 
the year and could not be used to analyse month ly 
changes of GSI. 



RES ULTS 

Page l lus bogaraveo 

Of a total of  2895 specimens examined, 357 
( 1 2.3%) were females, 1 795 (62.0%) males and 
743 (25 .7%) hermaphrodi tes. The overa l l  ratio of 

males to fema les was I :0.20 and x2- test revealed a 

significant di fference from I :  I rat io (P<0.05) . 

1 0 0  
9 0  

Vl 80 D Males '(;! 
� ·:: 70  0 Femal es 
'6 60 .5 
'-0 so ., 
OD 40 5 
c ., 30 <.> ... ., 

Q. 20 
1 0  

0 

Females predominated in l arge length c l asses, 
while males were abundant  a t  smal ler lengths 
(Fig. 1 ) . 

Length at 50% maturi ty was 29.2 em (r2=0. 87)  
for females and 26.2 em ( r2= 0.99) for males 
respect ively (Fig. 2) ,  based on the Gom pertz 
model .  These s izes at first maturity corresponded 
to the ages of 4 (females) and 3 (males) years 
(KRUG et a l .  1 998) .  

1 2  1 4  1 6  1 8  20 22 2 4  26 2 8  30  3 2  34 36 38 4 0  42 4 4  4 6  4 8  s o  5 2  54 

Fork length (em) 

Fig. 1 .  Sex composi t ion of Page/Ius bogaraveo by 2 em length cl asses. 

1 00 

90 

8 0  

"' 70 I. 511 = 26.2 em 
.... ()' .a 3 years "' 60 5 

'-0 5 0  ., 
gp c 4 0  
"' u .... 30 "' 

"' 

2 0  

I 0 

I 0 1 5  2 0  2 5  3 0  3 5  4 0  4 5  5 0  5 5  6 0  

Leng t h  c l a s s  (em)  
Fi g.2 . M aturation ogives for male (N= 1 795) and female (N=357) Page/Ius bogaraveo. 
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f-lelicolenus dactyloprerus 

Of the 2293 fish exami ned, 1058 (46 . 1 %) were 
females and 1 235  (53 .9%) males. The overa l l  sex 
ratio of males to females was I :0 .86 and x2-test 
revealed . a s ignificant d ifference from I :  I rat io  
(P<0.05). Males were more abundant in  the 
largest length cl asses (Fig .3) .  

Length at 50% matur i ty was 2 1 . 8  em (r2= 
0.98) for fema les and 28 . 1 em (r2= 0.95) for 

1 00 
90 
80 "' OJ 70 .g ·� 60 '€1 

.:: 50 '-0 
� 40 H 
1:1 30 <1.1 <j .... 20 � 

Q.. 
1 0  

0 

males based on the Gompertz model (Fig. 4) . The 
correspond ing ages at first maturity were 3 and 5 
years respectively (KRUG et a l .  1998). 

The most s ign ificant reproductive period 
seemed to be between January and May for 
females (Fig. 5) .  For males, the highest GSI 
values occurred during June and Ju ly, a l though 
data were lacking for August through November, 
(Fig. 6).  An asynchrony was observed between 
reprod uct ive cycles of fema les and males. 

D Males I D Femal es 

14 1 6  1 8  20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 

Total length (em) 

Fig. 3 .  Sex composi t ion of He/icolenus dacryloprems by 2 em length classes. 
I 00 

90 

s o  

"' 70 9 L 50 = 2 1 .8 t: m  ... .a � 60  J )'C;HS  E 
.... 0 
"' 50  
'gf 
c 4 0  
"' 
u ... 30  "' 
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I 0 I 5 20  15  3 0  
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3 5  � 0  � 5 

Length cl�ss ( em)  
5 0  

Fig .  4 . Maturation ogives for male (N= 1 235) and female (N= 1 058) Helicolenus dactyloptents. 
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Fig .  5 .  Mean mont h ly  gon adosomatic index (GSI )  of 

females Helicolenus dactyloptems (± SD).  

Beryx splendens 

Of the 806 i nd iv iduals examined, 447 (55%) were 
females and 359 ( 45%) males.  The overa l l  ratio of 

males to females was 1 : 1 .25 .  The X2-test revealed 
a s ignificant departure from 1 : 1  ratio (P<0.05) 
(Fig. 7). Fema les were more abundant, 

"' 80 «! 
-6 70 ·:;: 
'6 60 .5 
.... so 0 
s ... 40 
� 
= 30 "' (j .. 20 ... 

� 
1 0  

0 
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O ci O  

I 
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I V1 
<.:> 0 ,2 0 

1 1 J 0 . 1 0  
i " J. 7. 

0 .00  -
Jan M ar M ay Jd &p Nov 

�i o n  t h s  

Fig. 6 .  Mean month ly  gonadosornat ic index (OS!) o r  

males He/icolenus dactyloptems (± SD) .  

especia l ly  i n  t he  length classes � 32 em.  
Length at 50% maturity was 23 .0 em (r2== 

0.90) for females and 22.9 em ( r2== 0.94) for 
males respect ivel y, based on the appl ication of the 
Logist ic curve (Fig. 8). These values correspond 
to an age at fi rst maturity of 2 years for both sexes 
(KRUG et a l .  1 998) .  

26 28 30 32 34 36 40 42 
Fork length (em) 

Fig. 7. Sex composit ion of Be1yx sple11dens by 2 em length cl asses. 
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Fig. 8. Maturation ogives for male (N=359) and female (N=447) Beryx splendens. 

Be1yx decadactylus 

Of a tota l  of 355  individuals, 206 (58%) were 
females and 1 49 (42%) males. The overal l  ratio of 

males to fema les was 1 : 1 . 3 8  and X2- test revealed a 
significant departure from 1 :  1 ratio (P<O.OS) (Fig. 
9). No defined trends m sex ratio 
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seemed to exist .  
For females the best fit was achieved through 

the Logistic curve that indicated a length at 50% 
maturity of 32 .5  em ( r2= 0.93) and for males i t  
was the Gompertz curve that showed the best fi t 
with a length at 50% maturity of 30.3 em (r2= 
0.9 1 ) .  The age at first maturity was 4 years for 
both sexes (Fig. 10) (KRUG et a l .  1 998) .  

20 22 24 26 28 30 32 34 36 38 40  42 44 46 4 8  so 

Fork length (em) 

Fig. 9. Sex composit ion of Be1yx decadactylus by 2 em length classes. 
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Fig. 1 0. Maturation ogives for male (N= 1 49) and female (N=206) Be1yx decadaclylus. 

Pontin us kuhlii 

Of a total of 456 specimens collected, 290 (64%) 
were females and 1 66 (36%) males. The overal l  
ratio of males to females was 1 : 1 .75 and x2-test 
revealed a significant  departure from I :  I ratio 
(P<0.05) (Fig. 1 1 ) .  Males predominated in  large 
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1 6  1 8  20 22 24 26 28 

length classes, whi le  females were abundant i n  
smal ler lengths (Fig. 1 2) .  

The results obtained by the p lot  and the fit of 
the Logist ic model for females and males were a 
length at 50% maturity of 22.6 em (r2= 0.97) and 
29.9 em (r2 =0 . 9 1 )  respectively and the 
corresponding ages were 5 and 9 years (Fig. 1 2) 
(KRUG et a l . 1 998) .  

30 32 34 36 38 40 42 46 48 

Total length (em) 

Fig. 1 1 . Sex composi tion of Pontinus kuhlii by 2 em length c l asses. 
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Fig. 1 2. Maturation ogi ves for male (N= I 66) and female (N=290) Ponrinus kuhlii. 

Lepidopus cauda/us 

Of the 909 fish exami ned, 577 (63 .5%) were 
females and 332 (36 .5%) males. The overa l l  ratio 
of males to females was 1 : 1 .74 and x2-test showed 
significant d i fferences from 1 : 1  ratio (P<0.05). 
Females predominated in the largest size c lasses 
(Fig. 13 ) .  
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"' 80 -a! 
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"' 

H 40 
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A Gompertz curve fitted wel l the females and 
males data, indicating an l ength at 50% maturity 
of 1 1 4.9 em ( r2=0.96) and 85.0 em (r2=0.9 1 ) ,  
respectively and the correspond in g  ages were 3 
years and 1 year, (Fig. 14)  (KRUG et a l .  1 998). 

The GSI showed a simi lar reproductive period 
for both sexes, located between September
December for females (Fig. 1 5 )  and August
October perhaps unt i l  January for males (Fig. 1 6) .  

7 0  80 90  1 0 0  1 1 0  1 2 0  1 3 0  140 I S O  1 6 0  170 1 8 0  1 9 0  
Total length (em) 

Fig. 1 3 .  Sex composit ion of Lepidopus cauda/us by 1 0  ern length cl asses. 
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Fig. 14 .  Maturation ogives for m a l e  (N=332) a n d  female (N=577) Lepidopus caudatus. 

8 
7 

! l l  6 
5 - ! l  <fJ 4 (.!) 
3 J ! I  i 1 1 1 I 

0 
Jan f"e\' Mar Apr r..·1ay Ju1 Jtl tit!( Scp Oct Nov Oec 

Months 

Fig. 1 5 .  Mean monthly gonadosomatic index (GSJ) of 
females Lepidopus cauda/us (± SO). 

DISCUSSION 

Pagellus bogaraveo 

Since 1 982 the s izes and ages at first maturi ty of 
th is species have been monitored. Through the 
present study it was veri fied that the s ize at first 
maturity of males was s imi lar to the value 
observed for the period 1 982-83 , but smal ler than 
the results achieved for the periods of 1 984-86 
and 1991  (KRUG 1 995) .  The current study showed 
consistently lower s ize at  first maturity for 
females than those obtained for the periods 1 982-
83, 1984-86 and 1 99 1 .  The ages at first maturi ty 
decreased one year for both sexes compared to the 
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6 
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3 
2 
I 
0 

Jan fe\' Mar Apr �in}' Jw1 Jul A11g Scp G:t i\'o\' !Xc 

Mon l h s  
Fig .  1 6 - Mean monthly gonadosomatic index (GSl) of 
males Lepiclopus cauclatus (± SO).  

data of 1 99 1  (KRUG 1 995) , i nd icating an earl ier 
maturat ion. Variation in s ize/age of first maturi ty 
should be expected since fish populations may 
change the s ize/age at first maturity as an adaptive 
response to populat ion changes. During recent 
years high levels of exploitation of this stock 
seemed to reflect this variation of values. K RUG 
( 1 995) warned about t he serious consequences of 
the overexploi tation of this stock and suggested 
the reduction of fishing effort. However, at 
present, red (blackspot) seabream continues to be 
exposed to a high level of exploitation. 

As in KRUG ( 1 990, 1995) this study presents 
evidence of protandric hermaphrod it ism in males 
of the smal lest length c lasses and fema les of the 
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largest length cl asses .  Variat ions in s ize at fi rst 
maturity between ma les and females were 
expected. 

In the Azores the reproduct ive period occurs 
during winter, January-Apr i l ,  with a maximum of 
activ i ty in  February and March (KRUG 1 990, 
1995) .  This species has the same reproduct ive 
period in the Cantabric Sea (SANCHEZ 1 983) .  

Helicolenus dacty/optems 

The s ize at first matur i ty of females obtai ned was 
simi lar to the va lue presented by IS IDRO ( 1 989) ,  
for the period 1 985-88.  For the  same period males 
revealed a lower value, than in the present work. 

I n  spite of lack of i nformation between late 
summer/autumn, the most significant reproduct ive 
period is s imi lar to that verified by Is idro and to 
other regions, for instance the SE coast of Uni ted 
States (WHITE et a l .  1 998) .  This species i s  a 
part ia l  spawner, w i t h  i nterna l ferti l ization 
occurring i n  June-October and spawning in  
January-May ( ISIDRO 1 989). Is idro observed that  
a notable feature of the  fema les is  the retention of 
sperm for a long period , reach i ng 6-7 months,  
unt i l  the start of  spawning. WH ITE et al .  ( 1 998) 
also described a delay, 1 -3 months, between 
insemination and fer t i l izat ion.  Th is  reproduct ive 
behaviour is wel l reflected i n  the resul ts obtained. 

Be1yx splendens 

The s ize at first maturity obtai ned for females and 
males were s imi lar. These resu l ts are very s imi lar 
to those previously pub l i shed for Azores (ISIDRO 
1 996) . However, Isidro obta i ned an age at  first 
maturity h igher for both sexes - 3 .4 years for 
males and 4 . 3  years for females .  

In  Japanese waters the age at first maturity 
was 4 years for this species (MASUZAWA i n  HORN 
& MASSEY 1 989). However i n  the Atlant ic ,  
Pacific and Indian Oceans, most a lfonsino atta in  
sexual maturi ty a t  5-6 years a l though a few are 
mature at 2 years (KOTL Y AR 1987) .  

In  the Azores, the  female GSI tends to be 
h igher from the l ate summer th rough autumn and 
winter (January/February). For ma les, t h i s  index 
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suggested a protracted spawn ing season from 
September to March/Apr i l  (ISIDRO 1 996). In th is  
study on ly  a few females were found in spawning 
stage (stage 4) .  This resu l t  is in  agreement wi th  
IS IDRO ( 1 996). A more detai led study o n  the 
reproduc t ive behaviour of th i s  spec ies 1s 
necessary to confirm these resu l ts .  

Beryx decadactylus 

The s ize at first maturi ty obtained for females was 
h igher than t hat ind icated for the period 1 9 9 1 -93 
(ISIDRO 1 996), a l though the size at  maturity males 
was s imi lar. Comparing the two studies for both 
sexes, the ages at fi rst maturi ty were s imi lar. 

The GSI for males showed some tendency for 
a maximum between May and July and a 
min imum between August and December ( IS IDRO 
1 996) . Females GSI is of low ampli tude and does 
not suggest any part icular restricted period of 
spawning act iv i ty ( IS IDRO 1 996) . Also for th is  
species, only a few females were fou nd in 
spawning stage (stage 4). This resu l t  i s  i n  
agreemen t  with IS IDRO ( 1 996). The reproductive 
behaviour of th is  species needs to be studied i n  
more detai l .  

Pontinus kuhlii 

In  th is  study a great percentage of females was 
smaller than males. This was also verified by 
ISIDRO ( 1 996) for the period 1 990-92. G iven 
these size d ifferences between sexes, the s i ze at 
first m atur i ty va lue for males was greater than that  
for females. In th is  study the s izes at first maturi ty 
observed were h igher than those obtained for the 
period 1 990-92 (IS IDRO 1 996) . 

In the Azores th is  species spawns between 
June and November with a peak between Ju ly  and 
October (ISIDRO 1 996). 

Lepidopus caudatus 

This species is described for the Medi terranean 
Sea as a partial spawner (ORSI-RELINI et al . 1 989;  
DEMESTRE et a l .  1 993).  In  the present study, the 



di fference between the s izes at first maturity of  
females and males showed a sexua l  s ize 
d imorphism in Azorean waters, as a lso noted in  
Morocco region by DOMANEVSI<LY 1 11 

M II<I-IA Y LLN ( 1 977) .  These va lues and the 
respect ive ages found,  were very s im i lar to those 
ach ieved for month ly  samples examined during 
1994 (GONZALEZ et a l .  1 998) for Azores 
arch ipelago. S imi l ar resu l ts  were observed in the 
Catalan Sea (DEM ESTRE et al .  1 993) .  

The most important period for reproduction i s  
from the  late summer through autumn. A s imi lar 
reproduct ive period occurs in  the Mediterranean 
and Adriatic Sea (ORSI-REUNJ et a l .  1 989, 
DEMESTRE et al . 1 993 ,  KARLOVAC & KARLOVAC 
1976 & FISCHER et al. 1 987) .  
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A VISUAL SURVEY OF THE INSi lORE FISH COMMUNITIES OF GRAN 

CANARIA (CANARY ISLANDS) 

J /\NOS G. HAJ AGOS & 1 AMES L. VAN T /\SSELL 

HAJAGOS. J.G. & J.L. V1\N Tt\SSl:L. 200 1 .  A visual survey of the inshore f'ish 
communities of Gran Canana (Canary !� lands). Arquipelago. Life and Mari ne 
Sciences. Supplement 2 (Pan B): 95-99. Pont;1 Delgada. ISSN 0873-4704. 

An in sittt visual �urvcy technique (S nunutcs nnd 100 m' area) was used to a�scss the 
inshore fishes otT Gran Cano11n. In I 996. 2 1 1  v•sual surveys were co•u.lucteu ot 7 localities. 
Locations diff'ered sig.n•fic�ntly among each other with regarus to the number of �pcc1cs pc1 
survey (A NOVA: p < 0.01 ). The f1vc mo�t nbundant species were CIIIOIIII:i liml.>atlls, 8oopJ 
boop.l, Pomadasys iuci.itt�. Abud<:fduf lundttS. and Tlwfasso11ut pa11o with respecti ve me;tn 

abundances of 65.6, 37.4, 16.7. 8.7, and 4 5 per 100 m1• Detrcnded Correspondence 
Annlys1s, a multivariate ordination technique showed that the major determi nant of 
community structure is substrate type. The majority or the surveyed species had low axis 1 
ordination scores indicating a strong associ iltion with a hard substrate. The step-wise linear 
regression models explained 45.3 % m1d I 1 .4% of the variaiion in the first and �econd ax•s 
survey ordination scores. respectively. 

Janos C. 1/ajagos. (e-mail: ;lutjogm.@life.bio. swty.lb.eduj, Depw tllu!llt of Ecolosy rwd 
/;'pofution State U11i1·ersity of Nell' York. Stony Brook, New York. U.S.A. - James L. Vrm 
Tanell, New JerJey State t\q11arwm. Cu111de11, New Jersey. USA. 

INTRODUCTION 

Approximntely 30 years ago commercial 
development began along rhe coast l i nes 0f the 
Canary Islands, primari ly on the islands of 
Tenerife and Gran Canaria. I n  order to meel lhe 
needs of the tourist industry, artificial harbors, 
beaches and hotels were constructed. Few 
environmental precautions were lilken, for 
example, s i l t  was dumped and massive alterations 
to the sho•eline were made. The effect of these 
changes has been a serious decline in the 
economically important fisheries associ;1ted with 
the archipelago (BACALLADO et al.  1989). Basic 
knowledge of the ecology and well planned BACI 
(Before and After Control Impact) stud1es wrll 
prove important in assessing the effects of future 
development on the inshore fish. 

Most of the literature on the ecology of 
inshore f1sh deals with coral reefs flnd the dcbare 
over �tochastic versus deterministic factors in the 
structuring of these communities (SALE et al .  

1994) (AUL'f & JOHNSON 1998). Literature on 

non-coral ,-eef fish communities has primarily 
been concentrated on the kelp forest:; of 
Calrfornia (HOU3ROOK et al. 1994) and New 
Zealand (CHOAT & AYLING I 987). The 
community ecology of the inshore fishes or the 
C:111:1ry Island Arch ipelago ha� received less 
attention. 

The inshore fish community rtssociated w1th 
the Canary Islands is unique in its composit ion 
(VAN 'J';�.SSELL. 1988; BRITO 1989. BRtTO et al .  

J 995) Throughout the I 990's there has been an 
effort to quantify the inshore fish of the 
archipelago by BotnONE et al .  (1991)  and 
FALCON et al ( 1 996); however, efforts to qu;)ntify 
the communities on Gran Canana have been 
limited to smaller scale investigations (BORTONE 
et al. 1994; T l AROUN el a l .  1994). This study is 
part of a l arger, long term temporal assessment 
( 1 99 1 - 1 998) of the inshore fish of Gran C:anariil. 
The goals here are to define the bas1c community 
structure, and examine spatial vanations m this 
!:tructure as well as the relation of environmental 
factors tO C{)r'l'lr'l'lllnity or·gani7.ation. 
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MATERIALS AN D M ETHODS 

Descr iption of Study Area 

The Canary Island Arch ipelago is located 70-450 
km off the northwest shore of Africa (fig. 1 ) .  Gran 
Canaria ( 1 ,53 1 km') i s  t he th ird l argest i s l and and 
is inhabi ted by approx imately 600,000 permanent 
residents (BACALLADO et al 1 989) .  The shore l ine 
consists of a basalt terrace dropping 1 0  - 1 5  
meters before entering into sand . Each of the 
seven surveyed local i t ies i s  referred to 
numerica l ly .  The surveyed locali t ies are 1- Punta 
de Ia Cuesta de I a  Burra ,  2- Punta Cruz de Piedra, 
3- Punta de los Frai les, 4- Puerto Rico West, 5-
Punta del Canario, 6- Punta del Canario Art ificial 
Reef, and 7- Pas i to B lanco O ffshore Reef. 

Survey Technique 

We used an underwater visual  survey, the point
count (BORTONE et a l .  1 989) that is among the 
least di srupt ive of all survey techniques currently 
used to assess sha I low aquatic communi ties 
(BARDACH 1 959) .  An indi vidual using SCUBA 
establ ishes an i maginary ci rcle w i th  a radius of  
5 .6 m ( 100 m2) ,  and horizonta l ly counts a l l  fish 
species up to 1 0  m above the substrate for a 
period of five minutes. If one fish of a schoo l 
enters the survey area, the whole school is 
recorded as having entered (B ROCK 1 954).  Fish 
that leave and reenter the  survey area are counted 
only once. For some genera, species were not 
easi ly dist inguishable and were recorded as 
genera only. For schoo l ing species abundance 
was est imated in uni ts of 50 .  

We recorded the fo l lowing environmental data 
for each survey : t ime, date, depth, s lope, 
substrate, a nd percentage of sand cover. S lope 
was esti mated on a scale from ! (tota l ly  fl at) to 4 
(vert ica l ) .  Substrate refers to vert ical rel ief: 1 = 

no re l ief (e.g. a sandy surface) , 2 = less than 0.5 
m, 3 = 0.5 m to 3 m, and 4 = greater than 3 m .  
B iotic data for each survey i ncluded : the 
percentage of macroscopic a lgae above 1 em 
covering the survey area, and the number of long 
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spined sea urch i ns (Diade111a antillariu111). Al l  
da ta  were recorded with a penci I on roughened 
plast ic s la tes and transferred to a computerized 
database for later analys is .  For each sample, 
species abundance, number of spec ies, number of 
indi viduals, and species d ivers i ty (I--I') accord ing 
to the S hannon-Weaver Index (PIELOU 1 966) 
were determined. All results from the analysis are 
expressed in uni ts per 1 00 m2 

Data Ann lysis 

Detrended Correspondence Analysis (DCA; HILL 
& GAUCH 1 980) is nn enhanced eigenvector 
ord ination tec hnique based on rec iprocal 
averagi ng (RA; H ILL 1 973) .  DCA was performed 
using PC-ORD (MCCUNE & MEFFORD 1 997) .  
PC-ORD uses a mod ified version of 
DECORANA (H ILL 1 979) with i mprovements in  
the  resca l ing a lgorithm suggested by  OKSANEN & 
MINCH IN ( 1 997) .  Species abundances were log 1 0  
transformed in order to  reduce the high variation 
present in  the data set. 

We constructed step-wise I i n  ear regression 
models to expla in  variat ion in  the dependent 
variables (number of species, number of 
individuals per survey, species d iversi ty (I-1') , 
sample ordination scores a long the first ax is ,  and 
sample ord ina tion scores a long the second axis) . 
F ive independent variables (slope, substrate, 
percentage of sand , percentage of algae, and 
number of sea urchins) were entered into each 
model . Variables were removed from the models 
if their p > 0.05. 

S ingle classification ANOV A was performed 
on a l l  i ndependent and dependent variables to 
determine if statistical d i fferences exist among 
surveyed local i t ies. The dependent variables were 
also tested by ANOVA against s lope and 
substrate type. Post-hoc tests were conduc ted 
using the T-method. Unless otherwise noted the 
significance level for a statistical test is p < 0 .05 .  
Data were analysed us ing programs written in  
Visual D B ASE 7 (BORLAND 1 997) and SYSTAT 
7 (SPSS 1 997) .  



RESULTS 

Descr i pt ive 

The 48 species recorded i n  2 1 1 v isua l surveys 
comprise 29 d i fferent fami l ies. Descript ive 
species statist ics are l is ted in Table l .  The five 
most abundant species were Chromis limhatus, 
Boops hoops, Pomadasys incisus, Ahudefduf 
luridus, and Thalassol/la pavo with respect ive 
mean abundances of 65 .6 ,  37 .4 ,  1 6 .7,  8 .7 ,  and 
4 .5 .  Mean abundances and standard deviat ions by 
loca l i ty for each species are l is ted in table 2.  
S ixteen species were represented by at  most 1 or 2 

i ndividuals in a survey. The greatest number of 
ind ividua ls recorded for a s ingle survey was 2500 
( Pomadasys incisus). The five most frequently 
observed species were Chromis limhatus, 
Ahudefduf luridus, Canthigaster rostmta, 
Thalassoma pavo, and Diplodus vulgaris with 
percent occurrences of 82.0, 76.8, 74.4, 72.0, and 
5 1 .7 respectively. 

Communi ty S tructure 

Surveys and species were ordinated a long three 
axes using detrended correspondence analysis. 
The eigenvalues for each axis are 0 .7224 for axis 
one, 0.3674 for axis two, and 0 .2230 for axis 
three. The two-d i mensional configurations for 
species and surveys are shown in  Figures 2 and 3,  
respectively.  Species that  scored low along axis 1 
are species which inhabi t  rocky areas of high 
substrate rel ief (e.g. Triptergion delaisi, 
Mycteroperca rubra, Ophiohlennius at/anticus, 
Sc01paena maderensis) . At the midpoint of axis 
one are Stephanolepis h ispidus, Diplodus sargus, 
Canthigaster rostra/a, and Boops hoops, which 
inhabi t  the transi t ion zone from hard substrate to 
sand . The h ighest scores a long axis l are species 
solely associated with a sandy substrate (e.g. 
Uranoscopus scaher, Heteroconger longissimus, 
Trachi11us spp. ,  Bothus podas, and Xyrichthys 
novacula) . The patterns of d istribution a long the 
second axis are less clear however. Species with 
h igh scores on the second axis tend to have less 
affin i ty for the substrate (e.g. Belonidae spp. and 

Seriola spp . ) ,  whereas lower scores indicate 
strong associa t ion with the substrate such as 
Canthigaster rostra/a and Apogon imberhis. The 
low score of Boop hoops does not fi t the trend 
s ince i t  i s  a school ing species, nor does the h igh 
score of Synodus saurus, a benthic species. 

The ord ination of the surveys along the first 
axis fo l lows a pattern s imi lar to the spec ies. The 
surveys with the lowest scores are composed of 
species such as Apogon imherhis, Thalassoma 
pavo and Sparisoma cretense which i nhabit rocky 
areas. The h ighest score surveys are primarily 
COf]lposed of sand associated species (e.g. Bothus 
podas and Xyrichthys novacula). Along the 
second ax is, the surveys with the top-ranking 
scores are composed of free swimming spec ies 
such as Trachinotus ovatus and Belonidae spp. ,  
whereas lower scores are associated with h igh  
abundances of Xyrichthys novacula and Boops 
hoops. The first axis in the ordinat ion separates 
both species and survey by their associat ion wi th  
substrate type (e.g. rocky versus sand) .  The 
grad ient the second axis represents is  less clear; 
however, i t  appears to be loosely l i nked to the 
degree of species vagi l i ty. 

Step-Wise Regression Models 

The percentage of variation expla ined in  the 
dependent variables by the l i near models ranged 
from 9.4% for number of i nd ividuals in a survey 
to 53 .3% for number of species per survey. In the 
model of number of spec ies, depth, substrate, 
sand, algae and urch ins were significant .  The 
l inear model exp la ined 27 .6% of the variation in 
species d iversi ty (H') . For the survey ord ination 
scores alo ng the first axis the l i near model 
expla ined 45 .3% of the variation with depth , 
substrate, and percent of sand significant .  In the 
model of the second axis scores 1 1 .4% of the 
variation was exp la ined while only percentage of 
sand was significant in  the model .  When the 
seven local i t ies coded as dummy variables were 
added to the step-wise models the percent of 
variat ion explained increased to 63.  1 % for the 
number of species, 1 6 .9% for the number of  
i nd ividuals, 3 3 .9% for species d ivers i ty, 55.4% 
for DCA ax is 1 ,  and 1 7 .8% for DCA axis 2.  
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Anal ysis of Variance 

See Table 3 for means of environmental and 
biotic variables and their s ign ificance in  the 
ANOV A. The number of spec ies recorded at  
Pasi to B l anco d i ffered stat is t ica l l y  from the other 
6 si tes means, th is resu l t  is  due Pasi to B lanco 
bei ng an offshore reef. T he means for the number 
of species, number of i nd iv idua ls ,  and species 
d i versi ty were s ignifican t  wi th  regard to substrate 
type. Substrate 1 wns s ign ificant ly  lower than 
substrate 2 ,  3, and 4 for number of  species and I-I'. 
For slope, number of  species a nd species d i vers i ty 
were s ignificant .  S l ope o ne means were 
s ign i fican t ly  lower than  s lope two means for 
number of species and H ' .  

DISCUSSION 

BORTONE et a l . ( 1 994) i n  a more l im i ted survey 
off Gran Canaria recorded 37 species using the 
poin t-coun t  method , seven of which were not 
recorded in  the presen t  study. Three of them are 
from the fam i l y  Gob i idae, are crypt ic in color and 
were probab ly  overlooked i n  the present study 
because the u nderwater visual  survey techn ique 
does not provide a n  accurate assessment  of 
crypt ic species (B ROCK 1 982) . FALCON et a l .  
( l 996) i n  a comparab le  and more thorough study 
of the inshore fauna  of  the Cannry nrch ipelngo 
recorded 76 species. However DOOLEY & VAN 

TASSELL ( 1 985) consider 2 1 7  species to  be part of 
the regular  i nshore fauna of the arch ipelago. 
S ince there are i n ter-fauna l  d i fferences between 
is lands, and we surveyed on ly  a l i mi ted section of 
the Gran Canarin coas t l i ne, the 49 species in  29 

fami l ies i n  our study represent  a considerable 
portion of the is l nnd ' s  fish communi ty.  

S pat ia l  scale is a n  i mportant considerat ion in 
any eco logical study (LEVlN 1992),  and we found 
h igh habi tat heterogenei ty  across the seven 
local i t ies. For the majority of  environmental  
variables and for the number of  species per survey 
the ANOV A modeJs showed s ign i ficant 
d i fferences among loca l i t ies. O n  a finer scale, 
looking with in  habitat types the ANOV A models 
revealed significant d ifferences among number of 
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species, species d iversi ty,  and number of 
i nd iv idua ls .  A su bstrate of l tested s ignificant ly  
lower than the other substra tes. An explanat ion 
for t h is is that the communi ty  assoc ia ted wi th  th is  
substrate is  snnd spec ific .  This commun i ty  is  less 
d i verse and usua l l y  less abundant than i ts rocky 
counterpart .  Part  of  th is  is l i ke ly  due to the h igh 
terri tor ia l i ty  exh ib i ted by the dominant species 
(Both us pod as and Xyrichtliys novacula) of the 
communi ty.  

The patterns of  community structure revealed 
in the ANOV A models are supported by the 
ordi nat ion .  The first ax is  in  the DCA ord i nat ion 
is s trongly associated with substrate type, n 
fi nd ing supported by the species scores and the 
s ignificant vnriables (dept h,  substrate. and percent 
of sand) i n  the regression model of the axis 
scores. A large number of species are c lu stered 
along the i n i t ia l  part of the axis .  These species, 
represen t ing n considerable portion of those 
surveyed are primari l y  associated with a hard 
substrate. BORTON E et a I . ( 1 99 1 )  on El H ierro 
found a s imi lar  pattern in the DCA ord i n at ion 
along the first axis .  S i nce the sandy substrate is 
rela t i ve ly  absent from El Hierro the effect of 
c luster ing was even more pronounced . On E l  
H ierro, BaRTONE et a l .  ( l99 1 )  fou nd the  second 
ax is scores to represent affin i ty  for the substrate. 
Overa l l  we found n s imi lar pat tern for the second 
ax is  scores but on finer examinat ion there are a 
considerable num ber of except ions .  Most of the 
anomal ies are of rare species, less than I %  o vera l l  
occurrences in  t he  study .  Occurrence of  a rare 
spec ies is more an event of chance than an 
ecological  phenomenon and therefore may 
obscure ord inat ion resu lts (GAUCH 1 982) . 

I t  appears that subst rate type is important in  
the spat ia l  structur ing of the commun i ty of  
i nshore fish i n to two d ifferent assemblages . Th i s  
conclusion has  important consequences for 
development a long the shore. The basa l t  terrace 
extend ing from most of the coastl i ne is ruther 
narrow between 50 and 1 00 meters. S i nce a 
considerab le port ion of the species are associated 
wi th  t he hard substrate, d isruption of t he shelf by 
fi l l i ng with sand and sed iment from harbour  and 
arti fic ia l  beach construct ion wi l l  have a negat ive 
i mpact o n  th is  communi ty .  
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SHORT COMMUNICATION 

DRAGON-TREES (Dracaena draco L.) WITH ABERRANT GROWTH FORMS 
(MONOCOTYLEDONES : LILllFLORAE: AGA VACEAE) 

FRIEDRICH E. B EYHL 

BEYHL, F.E. 200 1 .  Dragon-trees (Dracaena draco L.) with aberran t growth forms 
(Monocoty ledones: Lil i i florae: Agavaceae). Arquipelago. Life and Marine 
Sc iences. Supplement 2(Part B): 1 0 1 - 1 03 .  Ponta Delgada. ISSN 0873 -4704. 

This paper reports on some indiv iduals of Dragon-trees (Dracaena draco L.) ,  which do not  
show the normal ,  umbe l lu lar and regu larly branched canopy but exhib i t  aberrant growth 
forms. The poss i b le reasons for the format ion of these abnormal shapes are discussed. 

Friedrich E. Beyhl, Nonnbomstr. 23, DE - 65 779, Kelkheim, Ger111any. 

REGULAR GROWTH FORM 

Dragon-trees have a unique, very regular growth 
form which varies only in some m i nor features 
(BEYHL 1 995a) and which is the result of strong 
morphogenetic control .  This  control system seems 
to be dependent both on in ternal and externa l 
factors (RAUH 1939) and is so strict that the 
ramifications of the canopy of a Dragon Tree (fig. 
1) are of sel f-s im i lar c haracter, in the sense of 
MANDELBROT ( 1 99 1 ) .  Normally,  only 
malnutrition and traumatic events ( insect or rust 
i nfections, fire, storms) i nterfere with this regu lar 
growth pattern and resul t  i n  aberrations as seen in 
the old Dragon-trees of Tacoronte (Tenerife) (Fig. 
2) and Garajau (Madeira) and the hi storica l 
Dragon-tree of La Orotava (Tenerife). 

Overnutr i tion may occur in specimens that  are 
planted in  gardens or parks, causing excessive 
growth of branches so that they are in danger of 
breaking under their own weight .  The trunks of 
very old trees wi l l  become hollow, and th is may 
increase the danger of rott i ng. Damage may also 
be caused by cutt ing of the trunk or branches, by 
over-exploitation for sap ("Dragon's blood") or by 

interference with the trees' water and nutrient 
suppl ies. 

This same s i tuation holds true for the Socotran 
Dragon-tree, D. cinnabari Balf. fi l . .  (B EYHL 
l 995b, 1 998) ,  except that there are virtual l y  no 
trees of th i s  species planted in gardens or parks 
(only one young tree is  known from a house 
garden in the smal l  town of HadlbG on Socotra). 
An extraordi nary way of doing damage to 
Dragon-trees is reported from this island where 
they served as m i l itary targets for the training of 
soldiers in  fir ing exercises. 

ABERRANT GROWTH FORMS 

Several examp les of Dragon-trees have been 
observed which do not develop the normal ,  
regular, umbrel l a- l ike canopy. A tree in a house 
garden in La Orotava,  Tenerife and another in a 
house garden of Santa Cruz, Tenerife (Fig .  3) 
each has an abnorma l ly tal l trunk and lack an 
elaborate canopy. I nstead there are only a few 
branches, which are themselves branched a nd 
bear large rosettes of leaves at the t ip of the twigs. 
Both trees are growing in the shade of bui ld ings. 

1 0 1  



Fig .  1 .  V iew of the canopy of a Dragon-tree, 
Dracaena draco. 

Fig. 3 .  Dragon-tree growing in a house garden 
in  the c i ty of S a nta Cruz (Teneri fe) . 

Al though their age i s  unknown, they are 
presumably young trees, which have grown very 
tal l in a short t ime in order to reach the l ight .  It i s  
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Fig. 2. The old dragon tree i n  Tacoronte 
(Teneri fe). Its branches, previously damaged by a 
storm, are supported by scaffolding. 

Fig. 4 .  Dragon-trees in the muni c i pa l  park of the 
c i ty of Arucas (Gran Canai' ia) .  

l i ke l y  that  they are si mply not yet o ld  enough to 
bui ld  up a " normal " ,  dense canopy. 

By contrast, some Dragon-trees wi th  norma l ,  



umbrel l a- l i ke canop ies, ramify very early and 
develop only a very short t runk .  This is the case 
wi th  one in the garden of the ayuntamiento of 
Galdar, Gran Canaria and with one in the 
botanical garden of  F lori ana at La Val etta, Mal ta .  

Several Dragon-trees growing i n  the park of 
Arucas on Gran Canaria a l so bear more than one 
storey of  branches (fig. 4). They are s imi lar to the 
two examples mentioned above from Tenerife in 
t heir branch ing pat tern and scant canopies. The 
reason for the aberrant growth of these trees 
cannot be eas i ly  iden t i fied . However, in a l l  t he 
cases reported here i t  seems c lear that  the str ict  
morphogenetic control  governing canopy 
formation in Dragon-trees and other p lants of 
dracoid  growth (SCHENCK 1 907) has broken 
down. 

Overa l l ,  these trees are remin iscent of 
specimens of the Nubian  Dragon-tree. D. ombet 
Kotschy & Peyer, and of t he South Arabian 
Dragon-tree D. senulata B a ker, (B EYHL 1999) 
which a lso often do not produce a c losed canopy 
but have only branches which may be branched 
themselves and which bear the leaves in extensive 
terminal rosettes. The African spectes D. 
steudneri a nd D ellenbergiana as wel l  as the 
Madagascan/Mascaren ian  D. marginata and the 
Comoran D. xiphophylla are also of this type, 
with i rregular branching,  termina l  leaf rosettes 
and lack  of a canopy. 
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SHORT COMMUNICATION 

DNA EXTRACTION FROM LEAVES 

(ERICACEAE) . THE USE OF RAPD 

VARIATION. PRELIMINARY RESULTS . 

OF Vaccinium cylindraceum SMITH 

MARKERS TO DETECT GENETIC 

JUAN MARTIN-CLEMENTE, M .  JOAO PEREIRA, & CESAR PEREZ-RUIZ 

INTRODUCTION 

MARTiN-CLEMENTE, J . ,  M.J .  PERElRA, & C. PEREZ-R UIZ. 200 l .  DNA extract ion 
from leaves of Vaccinium cylindracewn Smith (Ericaceae) . The use of RAPD 

markers to detect genetic variation. Prel im inary resul ts. A rquipelago .  Life a nd 
Marine Sciences. Supp lement 2 (Part B ) :  1 05 - 1 09.  Ponta Delgada.  ISSN 087 3 -

4704. 

Vaccinium cylindraceum Smith is  an endemic Ericaceae from Azores archipelago. This 
species is being produced by seed germination, rnicropropagation and stem cuttings. The 

produced p lants are then reintroduced in  their natural but disturbed environment and used 
to repopulate protected areas meanwhile infested with more or less i nvasive exotic flora. In 
order to protect the genetic vari abi l i ty within the species, a study of genetic variation 

between and within populations from di fferent islands was started. DNA extract ion was 

achi eved on fresh, dried and criopreserved leaves and the first results using the PCR 
technique are also presented. 

Juan Martfn-Clemente & Cesar Perez-Ruiz, Departamento de Biologfa Vegetal, 
Universidad Politecnica de Madrid, Ciudad Universitaria, ES-28040 Madrid, Spain. - M. 
lotio Pereira (e-mail: mjpereira@notes. uac.pt), , Universidade dos A�ores, Departamento 
de Biologia, Rua da Miie de Deus 58, PT- 9501 -801 Ponta Delgada, Portugal. 

One of the most d ifficul t  issues in conservation i s  
how best to assess the min imal  area needed for a 
communities survival .  That impl ies at least the 
knowledge of the density of each species within 
their several types of natural communit ies and 
also their reproduction strategies. One way to 
assess the minimum area is to determine the area 
that includes those ind ividuals that together 
possess most of the a l le l ic  variation within the 
species. This kind of knowledge is also necessary 
when reproduction ex situ i s  used as a tool to raise 
the number of indiv iduals in  a population and 
therefore raise the number of certain genotypes. 

mother-plants, and introducing their descendants 
i n  the same proportions into the original 
populations. The assessment of genetic divers ity 
in  endangered plants can therefore help to 
enhance conservation efforts and strategies 
(HOLLINGSWORTH et al. 1 998). Various molecular 
methods have been employed to investigate levels 
of variation within and between populations 
(BACHMANN 1 994). 

Vaccinium cylindracewn Smith is an endemic 
shrub present only in seven of the n i ne Azorean 
isl ands, genera l ly  above 400 m and is a key 
species in different natural communit ies (DIAS 

1 996). Sampling all the i nd ividuals in  a wi ld  
population for reproduction is often impossib le 
due to their  inaccessi b il i ty. Also, the obl igation to 
introduce the produced plants in  the same 
popu lation of origin leads us to a considerab le  

Information concerning these aspects i s  
required to  develop safe strategies for sampling, 
for example sampling the h ighest number of 
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effort of tagging the plants .  Anot her aspect to 
consider is the poss i b i l i ty of raising the 
i nbreed i ng depression, i f  the sampled popu l ation 
have a lready attained a reduced level of genetic 
vari ation (GUSTAFSSON & GUSTAFSSON 1 994) . 
These aspects l ead us to the study of some natural 
reproduction aspects (breed ing system :  sel f  
fertil isation o r  outcrossing; flowers, fruits and 
seeds product ions, seeds viabi l i ty and seed l ings 
vigour), and a l so to the study of genetic variation 
between and wi th in  populations. Spontaneous 
autogamy is not s ign i ficant in th is  spec ies, where 
fru i t  and seed development depends mainly on the 
po l l i nators act iv i ty (PEREIRA et a l .  1 998) .  

In  1 996 a preliminary invest igation was made 
at 'Universidad Pol i tecnica de Madrid '  focused 
on the capac i ty to ex tract DNA from fresh and 
preserved mater ia l  and also to survey the potent ia l  
use of RAPD markers to assess genet i c  var iat ion.  

This prel im inary investigat ion was presented 
at  the 3rd Symposi u m  of Fauna and Flora of the 
Atlantic Islands. 

MATERIAL AND METHODS 

The Random Ampl i fied Polymorphic DNA 

(RAPD) i s  a Polymerase Chain React ion (PCR) 
based technique, which has been used to assess 
genetic variation and k i nsh ip  relationshi ps i n  
p lants (CHALMERS et a l .  1 992;  GUSTAFSSON & 
GUSTAFSSON 1 994; HADRYS et a l .  1 992; HUFF et 
a l .  1 993 , 1 994; N EWBURY & FORD-LLOYD 1 993) .  
S ince almost a l l  RAPD markers are dominant  or 
rarely co-dominant  (WILLIAMS et al .  1 990), these 
markers are capab le  of d ist i nguishing 
homozygous individuals but  to d ist i nguish 
heterozygous individuals other, more sens1 t 1ve, 
molecular techniques are requi red (NEWBURY & 
FORD-LLOYD 1 993) .  NYBOI'vl ( 1 993) states that  
the RAPD technique can be used in  the study of 
popu lation ' s  genet ic variab i l i ty when the 
i nd ividuals are genet ical ly d istant due to 
xenogamy. Conceptual l y  less comp lex and 
expensive than other PCR based techniques, this 
technique works on anonymous genomes and the 
profi le of ampl i ficat ion products detects 
i ndividual polymorphisms (HADRYS et al. 1 992) . 

In this study, fresh leaves from nine seed l ings 
of Vaccinilllll cyli/1{/raceull l ,  a l l  from the same 
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popu lation but  wi th d i fferent parents, were used to 
determine the effecti veness of the DNA isolat ion 
technique and the leaf weight required to obtain 
profitable DNA extractions. Four other seed l i ngs 
a lso from the same popu lation, were used to 
assess the poss ib le  use of dr ied and crio-preserved 
leaves for DNA extractions. 

DNA was isolated accord i ng the method 
described by TORRES et al. ( 1 993)  (except the 
final total of RNAse) and measured by 
electrophoresis in  agarose gel, us ing samples with 
standard DNA weights. Nanograms of total 
genomic DNA were subjected to PCR us ing 3 
d ifferent ! O-rner nucleotide primers of random 
sequence from Operon Technologies Inc. (P3, P7 
and P9, from k i t  0) in  the Perkin E lmer 480 DNA 
thermal cycler. The PCR was in i t i ated at  94ac for 
1 minute and then cycled 35 t imes: 92°C, 30  
seconds + 37"C, 1 minute + 720C, 2 m inutes; with 
a term inator of 72°C for 3 minutes. After 
completion the reactions were kept at soc unt i l  
electrophoresis .  Fragments generated by 
amp I i fication were separated on 1 ,2 % agarose gel 
run in 1 XTBE (pH 8 ,0) and stained with e th id ium 
bromide and made visible by i l l umination with 
ul traviolet l ight .  

RESULTS AND DISCUSSION 

We have been able to extract DNA successfu l l y  
from Vaccin ill!n cy/indraceum fo l lowing the 
method described by TORRES et al . ( 1 993) .  From 
start i ng weights of 50 to 200 mg of fresh seed l ing 
leaves, we have been able to extract 1250 ng to 
6500 ng of DNA, wi th a mean value of 34.2 ng I 
mg of fresh tissue (approximate values) ( tab le I 
and figure 1 ) .  These extractions yielded sufficient 
amounts of DNA for RAPD reactions. 

When fresh leaves are not avai lable, 
criopreserved leaves can be used for DNA 
i solat ion and RAPD reactions whi le extract ions 
from dried leaves do not yield suffic ient amounts 
of DNA for R APD react ions (figure 2) .  

The primers used revealed some 
pol ymorphism (figure 3) i ndicat i ng the potent ia l  
use of R APD markers to assess genetic variation 
within this spec ies. Further studies w i l l  be 
conti nued at the Universi ty of the Azores. 



The used pri mers revea l ed some 

po lymorp h i s m  (fi gure 3 )  i nd ic a t i n g  the potent ia l  

use of RAPD markers to assess genet i c  vari a t ion 

w i t h i n  t h i s  spec ies .  Further stud ies  wi l l  be  

cont i nued at  the  U n i vers i ty of the Azores. 

Table I 
DNA guant i ficut ion (est i mated va lues) . 

Sample nu mber Plan t Leaves weight Number of Extract ion DNA Concen trat ion Total DNA DNA (ng) f 
(gel) (rng) leaves used Solut ion (�.I I )  (ng/�t l )  (ng) leaves ( mg) 

4 e s o  4 so 45 2250 45 

I a 52 3 1 00 35  3500 67 

5 5 5  4 so 25 1 250 23  

3 c 95  3 so 65 3250 34 

2 b 1 1 4 2 1 00 35  3500 3 1  

6 d 1 40 3 1 00 5 5  5500 39 

7 g I SO 3 1 00 65 6500 43 

8 h 200 3 so 45 2250 I I  

9 200 2 1 00 30 3000 1 5  

Mean value 34.2 

M 1 2 3 4 5 6 7 8 9 ABC 1 2 3 4 5 6 7 8 9 M 

DNA 

RNA 

Fig. ! DNA isolated from fresh juven i le  leaves. From the left to the right :  M=Control size marker; samples nu mber 
1 ,2,3,4,5,6,7,8,9;  A = I OOng DNA;  B=200ng DNA;  C=400ng DNA;  samples number 1 ,2,3,4,5,6,7,8,9;  M=Conlrol 
size marker. The samples p laced at right arc 2 t i mes more concentrated then the samples p laced at  left .  
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Fig. 2. Quanti ty  of DNA isol ated from dried and crio preserved l eaves. M = Control s ize marker. D I and D2 = 

DNA from dried leaves. C J  and C2 = DNA from frozen leaves. C l and C2 samples are 3 ti mes more d i lu ted then 
D I and D2 samples. 

M P3 P7 P9 M 

Fig. 3. Random A mpl ified Po lymorphic  DN A (RAPD).  From t i le l eft  to the right: M = Control s ize marker; P3 = 
Primer 3 :  samples 1 . 1  ,2.3 ,4 ,5 , 6,7 ,8 ,9 ;  Negative contro l ;  P7 = Primer 7 :  samples I ,2 , 3,4 , 5 ,6 ,7 , 8 , 9 ; P9 = Pri mer 9 :  
samples I ,2,3,4 ,5 ,6,7,8 ,9 ;  Negative control, M = Control s ize marker. Kit  O_from Operon I O-rner primers. 9 
samples from 9 seedl ings with orig in  in 9 d i fferent shrubs from de smne populat ion on S .  Mi guel Is land.  
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SHORT COMMUNICATION 

RECUPERATION OF A MEDITERRANEAN MONK SEAL PUP, Monachus monach us, IN 
DESERT AS ISLANDS , M ADEIRA ARCHIPELAGO : CONDITIONS FOR ITS SUCCESS 

H.C.  NEVES & R. PIRES 

INTRODUCTION 

N EVES ,  H.C.  & R. P IRES. 200 1 .  Recuperat ion of a Med i terranean monk sea l pup, 
Monaclws nwnachrrs, i n  Desertas Is lands, Madeira arch ipelago : cond i t ions for i ts  
success. A rquipetago. Life and Marine Sciences. Supplement 2 (Part B) :  1 1 1 - 1 1 6. 
Ponta Delgada .  ISSN 0873-4704 . 

During the nursing period, young monk seals depend on their  mothers to survive. 
Sometimes, however, some monk seal pups loose contact wi th thei r  mothers due to heavy 
seas. In s i tuations l i ke these, human i n tervention i s  cruci al for pups' survi val .  In December 
1 995,  a pup was found on Deserta Grande, separated from its mother and was picked up 
and taken to the Desertas stat ion at Doca. There it was given shel ter and exposed to 
frequent human contact and t he corres�onding possib i l i ty of i nfections. Al though i t  
appeared to be healthy, t h e  an imal d ied 1 2  days later. Autopsy resul ts  confi rmed that t he 
death of the ani mal has been caused by sept icemia. This case led to the construction of a 
rehab i l i tat ion centre for the monk seals in the Dcsertas Is lands. In December 1 997, another 
pup was found washed up on the beach at Doca, Desena G rande, in condi t ions ident ical  to 
the previous one. Based on previous experience, and benefi t ing from the fac i l i t ies of the 
Monk Seal Rehab i l i tat ion centre, plus the fact that the pup's mother was located, it was 
poss ib le to rehabi l i tate the animal and later return i t  to t he wi ld .  Th is  t ime, the ex is t ing 
condi t ions permi tted the use of a strict protocol for the rehab i l i tat ion of the seal , si nce the 
first encounter un t i l  i ts  release in  the natural habitat .  Asept ic condi t ions were maintained to 
the extreme, and hu man contact avoided to a minimum. This care was an i mportant 
contri bution for the rehabi l i tat ion of th is  seal . 

1-/. C.  Neves & R. Pires, Parque Natural da Madeira (e-mail: pnm @mail. telepac.pt), 
Quinta do Bam Sucesso, Caminho do Meio, PT - 9050 Funclwl, Portugal. 

The Medi terranean monk seal (Monacl111s 
mona ell /Is) is Europe's  most endangered marine 
mammal (JoHNSON & LAVTNGNE 1 998) with no 
more than about 300-400 i nd ividuals left 
(AGUILAR 1 998) . In Portugal ,  the only herd of 
monk seals  is found i n  the Desertas Isl ands (Fig.  
1) ,  which were c l assified as a Natural  Reserve in 
1 990, and by that  t ime the popul ation size was 
estimated i n  1 0  i nd iv idua ls  (NEVES 1 99 1 ) .  S i nce 
that t ime, the s ize of the popu lat ion has been 
increasi ng, and i t  is present ly estimated to number 
19 i nd ividuals .  This is the resu l t  of conservation 
work, which has been carried on there, i n  
effect ively protect i ng t h e  monk seal and i t s  
habitat .  Moni toring the monk seal and studying 
i ts biology and ecology · are fundamental to 

determin ing the most appropriate strategies for i ts 
protection. In the course of th is  work, it has been 
found that one of the threats to the populat ion is 
I i nked to the fact that the season for b i rths and the 
pups ' first outi ngs i nto the sea, from November to 
February, coinc ides with the season in wh ich 
ocean storms are the most frequent i n  the 
Desertas Islands (PIRES 1 997) .  The pups are s t i l l  
very vul nerable i n  th i s  phase, n o t  being a b l e  to 
wi thstand the act ion  of the waves. Thus they run 
the r isk of being dr iven i nto areas of strong 
breakers next to the rocky coast, or pushed by the 
ocean currents far from the cave where they were 
born, los ing contact with their mother, upon 
whom they are st i l l  dependent for feed ing.  

This k ind of s i tuat ion appended twice in the 
Desertas Is lands.  One in 1995 ,  when the 
rehab i l i ta t ion process was u nsuccessfu l ,  and the 
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second in 1 997 when the pup was rehabi l itated 
with success. The obj ec t ive of this art icle was to 
describe procedures fo l lowed during t he 
recuperation of the two pups, and to analyse the 
factors that contributed to fai l ure in the first case 
and success in the second. 

�--------,---------, 

\�LH�U CHAO ' ' ' ' · �  

Fig. 1 .  Location of the Desertas Is lands and the 
locations where the pups were found and stayed. 

MATERIAL AND METHODS 

Pup I 

Location and identification of the pup 
The pup was found by one of the wardens of the 
Madeira Natural Park on December 3 ,  1 995 ,  
while manning one  of the observation posts used 
in moni toring and studying the monk seal . The 
post is  located on the beach of an inlet cal led 
Calhau das Areias. There he noticed that the 
monk seal tried severa l t imes to get to the sea, but 
always ended up being thrown back up on land by 
the action of the waves. Because the sea 
condit ions were tending to worsen, the warden 
decided to p ick up the pup and bring i t  to the 
Desertas Islands station at Doca. 

Meanwhi le,  an unsuccessful search for the 

1 12 

mother of the pup was undertaken, us ing a boat to 
run along the SW coast of Deserta Grande, which 
is used by the monk seals for rais ing their young 
(PIRES 1 997). 

The pup was a female weigh 1 9  kg, with 100 
em of standard length and 1 06 em of total length .  
The  age was calcula ted to  be  3-4 weeks, based on  
the  absence of the  umbi l ica l  cord, which probably 
fa l l s  off by the 5th day (VISSER 1 99 1  ); on the fact 
that the new growth of fur which appears between 
the fourth and s ix th weeks of l i fe (HART & 
VEDDER 1 990; V ISSER 1 99 I ;  DENDR!NOS et a l .  
1 996) had not yet begun; and  the  fac t  that  i ts  teeth 
were ready to come through, which happens 
between 3 and 7 weeks of l i fe (HART & VEDDER 
1 990; V ISSER 1 9 9 1 ) .  The name given to th is  pup 
was "Maria". 

"Maria" was dehydrated (no humidi ty around 
the eyes) and injured at the base of the flippers . 

Treatment and feeding 

"Maria" remained at the station at Doca, 
cohabi t ing the same space with the N ature 
Wardens who wor k  there, being constant ly i n  
contact with them. Although the space and 
materials used by the seal was desinfected da i ly  
wi th  sod i um hypoch loride, "Maria" was exposed, 
every day, to a potent ia l ly  contaminated 
environment for a baby monk seal . 

The care given the pup was essent i a l l y  i n  
keeping i t  fed and hydrated. The evaluation of its 
condition was made by keeping track of i ts rectal 
temperature and weight, and by observing i ts 
behaviour. 

The pup was fed and hydrated 7 t imes a day, 
on average, with a mixture consist ing of: 1 00 -
200 g of scabbard fish ,  1 00 - 250 g of oatmeal ,  
and 250 - 650 m l  of water with hydrat ing sa l ts .  
The first two days, 850 g of fish were used, and 
th is was gradual ly i ncreased to 1 300 g. Contrary 
to what happens wi th  the majori ty of pinnipeds in  
th i s  s i tuation, "Maria" ate voluntari ly (Fig. 2) and 
"force feeding" was not necessary seekin g  to 
keep the pup hydrated and in  permanent contact 
with its natural habitat, it was taken to the sea 
every day and bathed. Although the pup was 
carried by one of the wardens the first few t imes, 
i t  l ater became able to accompany them on i ts  
own, fol lowing them. 



Fig. 2. ' ' Maria" feeding by herse lf. 

Pup 2 

Location and idenlification of the pup 

At 1 4 : 3 0  h .  on December 3 ,  1 997, exactly two 
years from the day "Maria" was found, a pup was 
found washed ashore at Doca. The observation 
work at that time was being carried out in the 
Tabaqueiro in let, where 3 days earl ier it had been 
noted that the beach was being used by a pup and 
two females. The fact that both females nursed 
the pup indicated that one of them had lost her 
pup. 

The pup was dehydrated , with injuries at the 
base of the fl ippers. A thick and whi te mucus i n  
its nostri I s  evidenced a n  obstruction o f  the 
respiratory tract, and the temperature was high, 
38 . 8°C. 

Trea/menl and feeding 

The animal was i mmediate ly taken to the Monk 
Seal Rehabi l i tation Unit, bu i l t  at Doca, on the 
Desertas Islands in  1 997 .  This  special care uni t  
consists of a ki tchen where food is prepared, and 
hygien ic measures (change of clothes, use of 
gloves and masks and d is i nfection of utensi ls) are 
fol lowed, when entering the isolated room for 
seals .  The isolating room has a pool with 3 x 2.5  

m wide, 0.5  deep and a heated floor of 1 .5 x 4 m , 
where hygienic cond i t ions are maintained . 

The pup' s  condit ion was checked and "first 
aid" help was impl emented in order to i mprove 
the condit ion of the sea l .  The pup was hydrated 
with a sa l ine solution prepared from 500 ml of 
steri l ised water to which various vitamin  
complexes were added (A,  B - 1 , 2, 6 ,  1 2 ,  C,  D 3 ,  
and E) . T h i s  mixture was given by means of a 
fu nnel and a tube inserted i n  the pup 's  
oesophagus. The wounds were dis infected and the 
respiratory passages were unblocked with the  a id 
of a drug, hexamidine, sprayed into the nasal 
passages in l iquid form .  

T h e  pup was female weighing 1 7 .40 k g  and 
measuring 1 02 em standard length, and 1 08 em 

total length .  The age was es t i mated at 1 -3 weeks. 
This was based on the fact that the navel was not 
healed, and the gums of the upper j aw, which are 
soft when the monk sea ls are born (HART & 

VEDDER 1 990), were hard, and by compari son 
with "Maria". The pup was named "Autonomia". 

S ince the pup's probable mother (Fig. 3) had 
been located , the pup's stay in the Rehabi l i tat ion 
Unit was l imited to bring the temperature to 
normal and effect rehydration, so the ani mal 
could  be returned as soon as poss ible to its natural 
surround ings. By 1 3 :00h of the fo l lowing day, the 
pup was hydrated 4 t imes and i ts  temperature 
recorded. 
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Fig. 3 .  "Autonomia" with her potential mother after two days of placement on the beach of Tabaqueiro .  

RESULTS 

Pup 1 

Evolution of the pup 's condition 

Over a period of 1 1  days, the pup was apparently 
healthy. Although its weight remained stable and 
its temperature varied between 34.5°C and 
37 . 1  °C, it was active and the fact that it was 
eating regul arly ind icated that it was healthy. 
However, on the 12th day, the pup demonstrated 
lethargic behaviour and d ied at 1 1  :30h.  

The Regional Veterinary Laboratory in 
Funchal ,  did the autopsy and the analyses. It  was 
carried out an anatomic-pathologic analysis and 
also a h istophatologic analys is  using samples of 
the l ung, kidney, spleen a nd l iver. A hemoculture 
and macerate of v iscera where used for 
microbiological analyses . 

The results of the autopsy confi rmed that the 
pup's death was caused by septicemia .  
Congestive haemorhagic lesions were found in  
the  lung, kidney, spleen and  parenchyma. The 
l iver presented a subcapsular haemorhage, and 
the intestine presented a catarral enteri t is .  The 
fol lowing pathogenic agents were isolated: 
Salmonella arizonae, Staphylococcus aureus, 
grup B Strepotococcus, Streptococcus 
dysgalactiae, Streptococcus bovis I, 
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Streptococcus equisi1 1 1 ilis, hemolytic E. coli � '  
and type I E. coli. 

Measures taken as a result of this experience 

The Monk Seal Rehabi l i tation Uni t  was bui l t ,  and 
a biologist from the Madeira Natural Park was 
trained at the Seal Rehab i l i tation Centre a t  
Pieterburen (SRRC) to  accompany the 
rehabi l i tat ion of monk sea ls .  

Pup 2 

Evolution of the pup 's condition 

Soon after a 4-hour period of isolat ion in the Unit ,  
the rectal temperature dropped to 37 .8°C and 
remained stable unti l  the pup was placed in i ts 
natural environment. 

Integration of the pup in its environ111ent 

At l 3 :45h on December 4,  the pup was p laced on 
the beach of Tabaqueiro, about 30  m from the 
other three animals,  which were s leeping. The 
pup ca l led out and the female, which was a lone, 
answered immed iately and carne up to the pup to 
establ ish a contact, typ ical of mother and young, 
a nd soon afterwards nursed the pup.  On the 
fol lowing days, it was the other female who 



adopted the pu p and began nursing it and 
accompanying i t  on excursions in to the sea 
outside the Tabaq ueiro in let .  

DISCUSSION 

The death of "Maria" was the result of a 
rehabi l i tat ion process, which was undertaken 
wi thout the necessary cond i t ions and experience 
to ensure its success. Cond i t ions of asepsis were 
practica l ly non-existent ,  which accord ing to the 
autopsy conclusions, were the cause of death of 
the pup. This,  due to the fact that  the pup was 
deprived of its materna l  food , essential  to 
mammals in the first weeks of l i fe as a way of 
obtaining antibodies and organic defences against 
infections from the surround ing environment. 
Besides this, the frequent contact with the 
personnel on duty at the Desertas station would 
lead to the dependence of the seal on humans, 
which would be prejudic ia l  to the pup. A repeated 
close contact with humans could result  in a 
dependence on them, which could cause problems 

to the animal after i ts release into the wild. In 
addit ion, contact between humans and the pup 
should be avoided, because i n fections and 
diseases can be transmi tted . 

Although this was a negat ive experience, two 
years l ater i t  contributed to the success in  
rehabi l i tat ing "Autonomia", because i t  had alerted 
us to the need for creat ing cond it ions for the 
rehab i l i tat ion of monk seals in the Desertas 
Isl ands.  Thus, "Autonomia" was treated in the 
Rehab i l i tation Uni t  accord i ng to the protocol for 
the recuperation of seals fol lowed by the Centre 
at Pieterburen. However, in the case of this pup, 
the fact that i ts probable mother was located was, 
no doubt, the factor that led to the success of this 
operation, principal ly because she was nurs ing 
another pup. As a general rule among sea ls,  
mothers end up abandoni ng their pups after these 
are absent for 3 days, because they stop 
producing mi lk  due to the lack of the sucking 
sti mulation (LVEDDER pers . comm). 

The recuperat ion of th is pup i s  an excel lent 
example of the i mportance of the work o f  
monitoring and s tudying the monk seal for i ts 
conservation, which permi t ted the survival of this 

pup. This ,  together with the ex istence of 
cond i t ions for the recuperation of abandoned pups 
reduces their morta l i ty to a minimum. 
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In 1 99 5 ,  the Parque Natural da Madeira negotiated a Li fe Project through the European 
Commun i ty to remove the i nt roduced mammals from Deserta Grande Island. Madeira 

A rch i pelago, an important Nature Reserve. In 1 996, a spec ial is t  i sl and restorat ion company 
from New Zeal and , Wildlife M anagement International Limited, was contracted to carry out 
the eradication of rabbi ts (O!)'Ciolagus cuniculus) on Deserta Grande. The rabbi ts  were 
removed during the period of September I st to December 2nd, using a grain based pellet w i th 
brod i facoum as the act ive i ngredient .  The methodology and resul ts  are outl ined. A v i s i t  i n  

October 1 997 confirmed that a l l  rabbits had been removed from Deserta Grande. 

Brian D. Bell (e-mail: wmil@clear.ne/. nz), Wildlife Managemenl lnlemalional Limiled, PO 
Box 14-492, Welling/on, New Zealand. 

INTRODUCTION 

Madeira archipelago provides the nesting grounds 
of the two most endangered seab i rd species i n  
Europe, Pterodroma madeira, nest ing on the mai n  
isl and of Madei ra, and P.  feae, breed ing on B ugio. 
The former is currentl y the subject of strenuous 
conservation efforts, b u t  P. feae is  seriously 
threatened by soil erosion caused by goats and 
rabbits (ZINO & B rSCO ITO 1 994) . Measures to 
remove these problem animals where recommended 
in the action plan for Pterodromafeae (HEREDIA et 
a l .  1 996). A schedule was prepared for removing 
a l ien mammals from the smal l  is lands near Madeira, 
and the Parque Natural da Madeira put forward a 
request for fundi ng to the European Communi ty's 
Life Programme. A lthough B ugio was the breed ing 
ground for the endangered P. feae, Deserta Grande 
(approximately 1 000 ha)  was chosen for the 
eradication project .  Mice were excluded from the 
erad ication project because t he terrai n  was such that 
every mouse could not be put at risk through a hand 
laid bait operation .  

There were severa I reasons for the choice, the 
main one being the very d i fficul t  terra i n  on B ugio 
and the lack of any faci l i t ies. I t  was considered that 
a hand la id programme would be impract ical . I t  i s  
also c la imed that the goats Capra hi reus present are 
from a unique stra i n  of feral goat which may be 
genetica l ly  significant (this needs to be proven). As 
Deserta Grande a l ready had a ranger station and 
some old bu i ld ings which could be renovated, i t  
appeared the best opt ion ,  even though i t  too has 
some d ifficu l t  country. Also i f  Deserta Grande 
could be c leared then the smal ler is lands would be 
seen as more pract ica l .  

MATERIAL AND METHODS 

The main target spec ies was the rabbit so the bait  
selected was "Wanganui  No. 7 " ,  a gra in  based pel let 
manufactured by Animal Control Products in  New 
Zealand. I t  has been the mai n  bait used for rabb i t  
control i n  New Zealand but usual ly with  sodium 
monofluoroacetate ( 1  080) as the active i ngredient .  
On the Deserta Grande project the tox in  chosen was 
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brodifacoum a t  0 .02 g/kg.This  was c hosen as i t  
requ i res only one feed to k i l l  the an imal  and is 
sui table for any rodent which may be present. I t  is  
toxic  to mammals and b irds but not to repti les and 
was used successfu l l y  a nd without problems on 
Round Island (MERTON 1 987) . However i t  is  
known to be h igh ly toxic to raptors through 
secondary poisoning.  The bait was dyed green to 
reduce its attracti veness to b i rds (MOORS et a l .  
1 992). 

The 20 tonnes of bait requ i red was shipped from 
New Zealand. It was trans ferred to Deserta Grande 
by Parq ue Natural boat and taken to depots on the 
top of the i s land by he l icopter. 

On the p lateau of the i s l and the bai t  was la id out 
in bait stations (sma l l  heaps) on a 25  metre grid by 
both spec ia l ist  staff (Wi l d l i fe Management 
In ternational Ltd. from New Zealand) and Parque 
Natural wardens. On the c l i ff faces the bait  was 
broadcast by personnel wal k i ng the c l i ffs where 
poss ib le and throwing the bait. On some extreme 
cl iff faces the bai t  was spread from the hel icopter. 
Some bait was laid on the shore l i ne by personnel 
landed from i n flatable zodiac .  The object ive was to 
have every rabbi t  exposed to the ba i t .  

The feed i ng out was done twice on the p lateau 
but on ly once on the very d i ffi c u l t  country. There 
was evidence to show that  the rabbi ts were 
trave l l i ng q u i te long d is tances to feed and were not 
favouring the extreme slopes. This gave us 
confidence that a l l  rabb i ts were gett ing access to the 
bait .  

There were seven W MIL personnel , supported 
by an average of s ix  Parque Natural staff, working  
on the  project .  The  programme began at t he  
northern end based at  a n  old renovated bu i ld ing  a t  
the  head of  the  Castanheira Val ley .  The  southern 
end was covered from Doca, the warden station, but 
the spec ia l i s t  party estab l ished a temporary camp 
for much of the t i me in cave rooms at  the top of the 
access track whi le  operating at the south .  It was 
hoped to cover Faj a Grande (a major central s l ump 
to  the  west) by l anding from an inflatable boat but 
the adverse sea condi t ions meant th is  had to be 
covered by c l i mb ing  down in to i t .  Basica l ly  the 
is land was covered by a rol l i ng front  work ing from 
the north to the south. As far as possi ble, over a 
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week was a l lowed between the bait laying to give 
the an imals  t ime to die . The ent ire programme 
( l aying and mon i tor i ng) took three months. 

RESULTS 

In on ly  a few days there was evidence that the bai t  
was being taken by both mice and rabbi ts .  Dead 
mice were being seen and rabbit droppings began to 
turn green. Signs of rabbits became less frequent as 
t ime went on and dead rabbits began to be found 
after a week. Near the end of our stay no rabbits or 
fresh s igns were being found despite searches being 
made. There was a lso a spectacu lar recovery of the 
grass once the first rains occurred . 

As far as could be assessed there were no long
term effects on non-target species. Some deaths had 
been accepted as one of the temporary costs of the 
operat ion.  The buzzard Buteo buteo and kestrel 
Falco tillllllllcufus, populations were reduced 
s ignifi cant ly  as a resu l t  of  feed ing on poisoned 
rabbits and mice. Both species had a l ready re
co lonised the is l and before the party had left. There 
was a m i nor k i l l  of p ipi ts, A11 tlws berthefotii 
madeirensis, and canaries, Serinus canaria, but 
there was no noticeable dec l i ne in the populat ions.  

Fo l lowing the departure of WMIL personne l ,  
Parque Natural Wardens continued to  watch for 
s igns of rabbits wi thout seeing any. A smal l party 
from WMIL returned to the is land twelve months 
after the poisoning to check for evidence of rabbits .  
None was found and i t  can be c l a imed that al l  the 

rabbi ts have been removed . 
Al though mice took the bai t  some survi ved as 

expected . On neighbouring I lheu Chao surp lus bai t  
from the Deserta Grande project  was l a id out  in a 
s imi lar way and the mice appear to have been 
erad icated . 

With  the rabbi ts  gone, the vegetation is rapidly 
regenerat i ng. However, the other problem species, 
goat, was not el iminated . They were hunted and 
shot dur ing the rabbi t  programme by the park 
wardens. It wi ll be necessary to remove a l l  the 
goats i f  the eradicat ion of rabbits i s  to show l ast ing 
benefi ts .  



FUTURE M ANAGEMENT 

The removal of rema in i ng goats must  be a priori ty. 
The removal of browsing an imals often opens the 
way for weeds to become estab l i shed before the 
indigenous vegetation gets firmly re-establ ished and 
this wi l l  need to be monitored c losely. Vegetat ion 
recovery and the reduct ion  in soi l  erosion can be 
accelerated by the use of debris dams to trap soi I 
run off and by stra tegic p lant ing of des i rable 
species. 

The stab i l isation of the soi l  and i ncreased plant  
growth wi l l be benefic ia l  to t he petrel  species using 
the is l and and may a lso provide a breeding niche for 
P. feae which periodica l ly prospects the is land.  

Yel low-legged gu l l s  (Lams cachinnans) have 
developed a technique for hun t ing the smal ler 
petrels and this may restrict colonisation by P. feet e .  
Like many gu l l  species they have i ncreased to an 

unnatura l l y  high popu la t ion as a resu l t  of  poor 
waste d isposal on Madeira i tsel f. I mproved rubbish 
disposal methods shou ld be i ntroduced and in the 
meant ime some direct gu l l  control may be 
warranted .  

W i t h  Desert a Grande c leared o f  rabbi ts  t h e  way 
is now open to extend s imi lar projects to other 
is l ands where problem exotic mamma ls occur e.g. 
B ugio, Se lvagens etc .  
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