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Abstract

The plant genus Erica L. (heathers; anjavidy in Malagasy) has 35 recognised species
in Madagascar, but there has not been a taxonomic revision since 1927 and there are
few identification resources. We review available data for Malagasy Erica (previously
treated as Philippia), summarise diagnostic species descriptions and incorporate them
into the Erica ldentification Aid. There is clearly variation in current species concepts
that requires further study. Malagasy Erica most likely represent a single clade also en-
compassing species from the Mascarenes, but resolution is poor and most species
remain unsequenced. Erica is found in several of Madagascar’s ecosystems, including
the high-altitude “ericoid thickets” where diversity is highest, but it is absent from the
extensive dry western areas. Habitats include the ericoid thickets, shrubland—grassland
mosaics in the central highlands and on the eastern coast, and Uapaca bojeri (tapia) sa-
vanna. Many Erica species are likely to be part of dynamic ecosystems with infrequent
fire regimes. The palaeorecord indicates a more widespread ericoid shrub vegetation
during the last glacial period. There may be both wind- and insect-pollinated species.
Erica is mainly used as fuelwood in Madagascar, but local uses as tools and medicine
have also been reported. Estimates suggest at least one-fifth of the species may be
threatened, but formal assessments are lacking. Taxonomic revision of the group, cou-
pled with phylogenomic, ecological and ethnobotanic studies, is an urgent priority.

Key words: anjavidy, Erica, ericoid thicket, fire ecology, Madagascar, Mascarenes,
Philippia, vegetation history

Introduction

The huge plant genus Erica L. (heathers, Ericaceae) has one of its regional centres
of diversity in Madagascar. Currently, 35 species are accepted for the island, all
endemic (Antonelli et al. 2022; Elliott et al. 2024; World Flora Online 2024). Erica is
one of three Ericaceae genera in Madagascar along with Agarista D.Don, with sev-
en species, and Vaccinium L., with four species. Heathers and other Ericaceae are
key to understanding Malagasy vegetation dynamics: They form one of the main
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components of a globally distinctive and endangered high-mountain vegetation
type, “Madagascar ericoid thickets” (Crowley 2004; Dinerstein et al. 2017). They
also occur in other vegetation types especially in the central highlands of Mad-
agascar, where the role of humans and fire in shaping open habitats is debated
(e.g. Joseph et al. 2021; Silander et al. 2024). According to Phelps et al. (in press),
“the genus Erica is likely key to understanding grassland—shrubland—savanna dy-
namics” in Madagascar. Yet there has not been a taxonomic revision since that of
Perrier de la Bathie (1927b). The genus and family were not treated in two major
reference works on the natural history of Madagascar (Goodman and Benstead
2004; Goodman 2022), nor in the Flore de Madagascar et des Comores series.
Increasing our taxonomic and ecological knowledge of Malagasy Erica is thus
a priority for the conservation of Madagascar’s highly endangered biodiversity
(Ralimanana et al. 2022), including through the work of the Global Conservation
Consortium for Erica (Pirie et al. 2022). Here, we summarise existing data on
Erica in Madagascar to identify knowledge gaps and research priorities.

Taxonomy

Erica (Ericoideae, Ericeae) is easily distinguished from Agarista and Vaccinium
(both Vaccinioideae), most obviously by its often needle- or scale-like leaves
characterised by revolute margins almost touching on the underside (“ericoid
leaves”) and arranged in whorls of 3-6, and its persistent corolla enveloping
the fruit (Oliver 2000; Schatz 2005). However, within Erica and the tribe Ericeae,
generic limits were a longstanding subject of debate that was only resolved
towards the end of the last century.

The current state of taxonomy in Malagasy Erica (morphological diversity il-
lustrated in Fig. 1) is largely founded on the work of Perrier de la Bathie (19274,
1927b, 1930, 1934). His revision (Perrier de la Bathie 1927b) in particular already
included descriptions of most of the species recognised today, sixteen of which
were new. Perrier treated them all under the African-Malagasy genus Philippia,
distinguished by small flowers with a zygomorphic calyx lacking, or resulting
from the fusion of, the subtending bracts typical of Erica in the strict sense. Both
Perrier and Alm and Fries, who published a monograph of Philippia earlier in the
same year (Alm and Fries 1927), wrote of inconsistency in the characters dis-
tinguishing genera in Ericeae. The latter erected a separate genus, Mitrastylus
Alm & T.C.E.Fr.,, for two species with a distinctive folded-back stigmatic disc (a
structure somewhat resembling a broken umbrella with rib-like lobes, in con-
trast to the expanded disc form more typical of wind-pollinated Erica). Both spe-
cies of Mitrastylus were from Madagascar: E. parkeri (Baker) Dorr & E.G.H.Ol-
iv. (Fig. 1G) and E. madagascariensis (H.Perrier) Dorr & E.G.H.Oliv. All the taxa
originally described under Philippia or treated under other genera in Ericeae
(including Mitrastylus) were later transferred into Erica with new combinations
and names by Dorr and Oliver (1999). This followed Oliver (1987, 1988) whose
work extended to including in a broadly defined Erica all related so-called ‘minor
genera’ (Nelson et al. 2024). After Perrier’s revision (1927), three additional Mal-
agasy species and one subspecies were described: Ph. quadratiflora H. Perrier
(= E. quadratiflora (H. Perrier) Dorr & E.G.H. Oliv.) in Perrier de la Bathie (1930);
Erica marojejyensis Dorr, Erica bosseri Dorr, and Erica lecomtei subsp. ravinakely
Dorr in Dorr and Oliver (1999). There has not been a more recent revision.
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Figure 1. Morphological diversity of Erica in Madagascar: a selection of specimens collected by E.G.H. Oliver and
colleagues A E. bojeri (E012649) B E. boutonii Dorr & E.G.H.Oliv. (EQ12676) C E. cryptoclada (Baker) Dorr & E.G.H.OI-
iv. (E012642) D E. hebeclada Dorr & E.G.H.Oliv. (EO12690) E E. humbertii (H.Perrier) Dorr & E.G.H.Oliv. (E012648)
F E. myriadenia (Baker) Dorr & E.G.H.Oliv. (EO12677) G E. parkeri (E012626) H E. perrieri (E012635) | E. rakotozafyana
Dorr & E.G.H.Oliv. (E012681). Photos: Michael D. Pirie.
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Perrier de la Bathie (1927a) grouped the Malagasy species according to mor-
phological characters which he ranked in order of importance. Most important
was the shape of the stigma, on which Perrier initially defined two sections:
| (Cornigerae) for species with expanded stigmatic lobes (including, but not
limited to, the ‘mitrastylous’ species; his numbers 1-7, Appendix 1); and Il (Dis-
coidales) for those with a more typical discoid stigma (numbers 8—34). He later
(Perrier de la Bathie 1930) rejected the separate genus Mitrastylus described by
Alm and Fries (1927), on the basis of the continuum in stigma forms, and aban-
doned this sectional division. However, he effectively reconfirmed his concepts
of similarity between species, defining six groups that were largely consistent
with the sequence of taxa presented in Perrier de la Bathie (1927a) (Appen-
dix 1). The other characters he cited in his main revision (Perrier de la Bathie
1927a) were, in descending order of importance: the arrangement of the leaves
(particularly in whorls of three versus of four); indument (he distinguished four
types differing e.g. by length and presence or not of glands); leaf shape; inflo-
rescence structure (terminal clusters of flowers, or not); flower and style shape
(particularly shape and relative size of sepals); and degree of fusion of the sta-
mens. Some species are distinct and easily identified even from images, such
as E. perrieri Dorr & E.G.H.Oliv. with its unique open-backed leaves (Fig. TH).
Most of the others are less obvious.

Perrier de la Bathie (1927a) noted the considerable variation given age, sea-
son, and conditions (including the impact of fire), with particular emphasis on
habit and on changes in (or loss of) diagnostic characters after flowering. Most
specimens available to him were in fruit, with very few collected at flowering
time (Perrier de la Bathie 1930). He also mooted hybridisation between spe-
cies. His concepts for some particularly variable species (such as E. goudotiana
(Klotzsch) Dorr & E.G.H. Oliv., treated as Philippia cauliflora Hochr.) deliberately
focused on the most common form, with deviation from that form described
separately. Dorr and Oliver (1999) also indicated variation within species e.g.
within E. goudotiana, for which they noted that formal recognition ‘awaits fur-
ther study’. The numbers of specimens available for such study appears to be
small given the numbers of taxa involved, and a large proportion of that which
is documented in available archives remains unidentified (see below). The spe-
cies were included in earlier versions of the Erica ldentification Aid (Erica ID
aid; Oliver et al. 2024), but the data was largely incomplete, preventing its ef-
fective use. There may be undescribed variation within the current backlog of
unidentified material. We need tools to facilitate identifications of Malagasy
Erica species, and more collections to better understand the complex patterns
of morphological variation in the group.

In this work we summarised information available from the literature to
populate the ID aid. Through work on the World Flora Online (WFO; Borsch
et al. 2020) Taxonomic Expert Network for Ericaceae, we have made open-
ly available the current state of knowledge of Erica nomenclature (Elliott et
al. 2024). A list of currently accepted Malagasy taxa with links to WFO and
GBIF and diagnostic descriptions derived from Perrier de la Bathie (1927a)
and Dorr and Oliver (1999) is presented in Appendix 1. We have incorpo-
rated these into an update of the Erica ID aid (current version: https://doi.
org/10.5281/zenodo.10407033), including coding of characters used in the
ID aid for narrowing down potential identifications.
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Phylogenetics and evolution

Malagasy Erica form a single clade which also includes species from the Mas-
carenes (Fig. 2), based on the available phylogenetic sampling. A single origin
of the Malagasy Erica was already postulated by Perrier de la Bathie (1927a)
and mirrors numerous other plant and animal radiations that occurred following
dispersals to the island (Vences et al. 2009). Molecular phylogenetic studies
based on regions from the chloroplast genome and nuclear ribosomal DNA (in-
cluding the internal transcribed spacer region, ITS), have supported this Mala-
gasy clade and shown it to be nested within a broader tropical African clade,
which itself is sister to the large Cape radiation of Erica (Fig. 1A, B; Pirie et al.
2011, 2016, 2024). We here expanded the dataset of Pirie et al. (2024) with ITS
data for additional collections from Madagascar and Mascarene islands, bring-
ing the totals to 52 from Madagascar (including 13 identified species represent-
ed by 22 collections and 30 further collections unidentified to species), four
from Mauritius (two collections each of both species), and five from Réunion
(representing all three species) (Suppl. material 2). We estimated a Maximum
Likelihood phylogeny for the Malagasy clade and its sister group, using RAx-
ML v.8 (Stamatakis 2014) and otherwise following the methods of Pirie et al.
(2024). The results are presented in Fig. 2, along with those of Pirie et al. (2024).

The topology presented by Pirie et al. (2024) showed several supported
clades. Erica species from the Mascarenes, i.e. Mauritius (E. brachyphylla
(Benth.) E.G.H.Oliv., E. mauritiensis E.G.H.Oliv.) and Réunion (E. arborescens
(Willd.) E.G.H.Oliv., E. galioides Lam., E. reunionensis E.G.H.Oliv.), form at least
four separate lineages within the Malagasy clade. This strongly suggests that
Erica dispersed once from continental Africa to Madagascar, diversified there
and then further dispersed several times independently to the Mascarenes.
Neither Erica comorensis (Engl.) Dorr & E.G.H.Oliv. (Comoros archipelago) nor
E. mafiensis (Engl.) Dorr (Mafia island, off the Tanzanian coast) have yet been
sequenced: Whether these also belong to the Malagasy clade warrants testing.

The close relationship of E. madagascariensis and E. humbertii (H.Perrier)
Dorr & E.G.H.Oliv. might have been expected from Perrier de la Bathie's (1927a)
revision, which grouped these mitrastylous species together. However, E. parkeri,
which also shares this trait, falls in a separate clade with another (unidentified)
mitrastylous species plus E. isaloensis (H.Perrier) Dorr & E.G.H.Oliv. and E. bou-
tonii. This warrants further investigation, suggesting that important diagnostic
characters potentially relating to pollination mode - including the mitrastylous
stigma — may have evolved in parallel. Similarly, the clade including samples
resembling E. perrieri, E. myriadenia and E. goudotiana represents a wide range
of Malagasy Erica variability, particularly of leaf shape and indument type, and
these species are correspondingly dispersed across Perrier's system. The rapid
radiation of Malagasy Erica was apparently accompanied by morphological dis-
parification, but whether this represents adaptive variation remains to be tested.

The additional ITS data added to the existing supermatrix of plastid and
ITS/ETS data of Pirie et al. (2024) falls unambiguously within a monophylet-
ic Malagasy/Mascarene clade but does not result in a well-supported internal
topology. Undetermined collections that we tentatively grouped into morphos-
pecies tended to show similar sequence variation (Fig. 2c), but such variation
was low and the groupings unsupported. This is in contrast to within the Erica
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Figure 2. Phylogenetic relationships of Malagasy Erica a position of the Malagasy clade in the genus according to Pirie
et al. (2024). The tree includes 771 accessions and several nuclear and plastid markers b focus on the Malagasy clade
and its Tropical African sister clade (same tree as in a) ¢ tree estimated from the same marker set as in a-b but expanded
with ITS for 36 additional accessions. Values on nodes are Felsenstein bootstrap support percentages.

Cape clade, which represents an order of magnitude more species than the
Malagasy clade but nevertheless shows enough variation in ITS to be able to
test the relationships of individual specimens (Hoekstra et al., in press). The
difference in sequence variation may be explained by a combination of younger
age and/or faster diversification rates of Malagasy lineages. Erica is estimat-
ed to have arrived in Madagascar around 5-7 million years ago on the basis
of relaxed clock molecular dating and a secondary Ericaceae calibration (Pirie
et al. 2016). From these results, Pirie et al. (2016) estimated that the Mala-
gasy clade may have one of the highest diversification rates in Erica. Given the
dependence of these estimates on both absolute time calibration and relaxed
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clock assumptions, they should be revisited with further, phylogenomic data
and ideally more calibration points. This would also allow reconstructing trait
evolution within the Malagasy clade and testing e.g. for parallel evolution of
insect pollination from a probably wind-pollinated ancestor.

Distribution and habitats

We retrieved available georeferenced records for Erica and other Ericaceae
from Madagascar via the Global Biodiversity Information Facility (GBIF.org,
accessed 5 November 2024, https://doi.org/10.15468/dl.pmcvqr). They were
filtered using R and CoordinateCleaner (Zizka et al. 2019) to remove potential-
ly spurious occurrences, including records with a reported precision >0.01° or
10 km and those with coordinates within 2 km of the country centroid, capital,
or herbaria. This left 882 usable occurrences for Erica, 634 for Agarista and
872 for Vaccinium. Of the Erica occurrences, only 530 (60%) were identified to
species. Twenty-five records were reported as (endemic) South African spe-
cies, however in each case the species includes a synonym with an epithet
matching a Malagasy Philippia. This is unlikely to be a coincidence. In these
cases we assumed that the name originated by erroneously applying a Phi-
lippia epithet under Erica, and corrected the name following Dorr and Oliver
(1999): “Erica aristata” = E. bojeri Dorr & E.G.H.Oliv.; “E. gracilis” = E. rakotozaf-
yana Dorr & E.G.H.Oliv.; “E. hispida” = E. perhispida Dorr & E.G.H.Oliv.; “E. lat-
ifolia” = E. perrieri Dorr & E.G.H.Oliv.; “E. nudiflora”, “E. sparsa”, and “E. tricho-
clada” all = E baroniana Dorr & E.G.H.Oliv. These cases highlight persisting
confusion in the taxonomy of Malagasy Erica.

Plotting Erica occurrences against Madagascar's ecosystems (Fig. 3a),
following the map of Antonelli et al. (2022), shows that Erica is found in all
major ecosystem types except the western dry forests and the southwestern
spiny forest (and the coastal mangroves). This includes the grassland-wood-
land mosaic of the central highlands, humid forest, and tapia savanna. Two
specimens only identified to genus suggest Erica may also occur in the Makay
massif in southwestern Madagascar, at the northern edge of the “subhumid for-
ests” area. The “ericoid thickets” (Crowley 2004), described in some vegetation
classifications and defined by Erica and similar “ericoid” shrubs, are confined
to the four highest mountain massifs: Tsaratanana, Marojejey, Ankaratra and
Andringitra (Fig. 3b). According to other authors, vegetation of this type also
occurs further south, on the summit of Andohahela (Goodman et al. 2018c).
The ericoid thickets cover only c. 1,300 km? in total (Crowley 2004). The high
mountains are also where the species richness of Erica is highest, peaking in
the Ankaratra and Andringitra ranges, each with 13 species recorded in one
0.5 x 0.5° grid cell (Fig. 3c). Six species appear to be endemic to Andringi-
tra alone (Appendix 1). Perrier de la Bathie (1927b) named Philippia floribunda
Benth. (= Erica baroniana Dorr & E.G.H. Oliv.) as the only species occurring at
sea level in Madagascar, but E. goudotiana and E. leucoclada have also been
recorded from the Eastern coast (Appendix 1, Suppl. material 1). The other two
Ericaceae genera Agarista and Vaccinium have distribution patterns broadly
similar to Erica in Madagascar (Fig. 3d—f); they have additionally been recorded
from isolated humid forest areas of the western Bongolava region, which sug-
gests Erica might also occur there.
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Figure 3. Distribution of Erica and other Ericaceae in Madagascar. Occurrence data were obtained from the Global Bio-
diversity Information Facility and submitted to multiple filtering steps (see text) a Erica distribution plotted against the
Madagascar ecosystem map of Antonelli et al. (2022). See also records mapped per species in Suppl. material 1 b distri-
bution of the “Madagascar ericoid thickets” ecoregion (Dinerstein et al. 2017) ¢ Erica species richness per 0.5 x 0.5 ° grid
cell, summarised from occurrence records identified to species level d distribution of Erica in Madagascar compared to
e Agarista and f Vaccinium, the other two genera of Ericaceae occurring in Madagascar.

Erica species in Madagascar are open-habitat shrubs or form their own can-
opy (Perrier de la Bathie 1927b; Silander Jr et al. 2024). Based on the literature,
there appear to be three main habitat types (see Fig. 4 for examples):

1. Ericoid thicket. This high-altitude vegetation was singled out as a distinct type
under different names in treatments of the Malagasy flora (listed in Gautier et
al. 2018), including the global ecoregions of Dinerstein et al. (2017). A 2004
ecoregion assessment classified its biodiversity as “globally endangered”
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and assigned it a conservation status of “Endangered” (Crowley 2004). It
was included in the “humid forests” by Moat and Smith (2007) and Antonelli
et al. (2022). In the ericoid thicket, Erica is associated with other shrubs of
similar, “ericoid” appearance, especially Helichrysum (Asteraceae) and Vac-
cinium (Koechlin 1972). Perrier de la Bathie (1927b) assumed this to be the
original habitat of most Erica species in Madagascar, before it was suppos-
edly destroyed by fire and Erica survived only in secondary vegetation. He
also noted that Erica extends into the humid forest found in the zone below
the ericoid belt, so the exact boundary of the ericoid thicket is somewhat
fuzzy. Among the high-altitude species, Perrier de la Bathie (1927b) cited
three as specifically associated with the edges of marshes and bogs: Phi-
lippia madagascariensis and Ph. pilosa (both now synonyms of Erica mad-
agascariensis), and Ph. humbertii (= Erica humbertii). Dorr and Oliver (1999)
described Erica bosseri, confined to marshes in Ankaratra.

. Grassland-shrubland mosaic. This mixed vegetation type, difficult to clas-

sify (Antonelli et al. 2022), is found at lower altitudes, especially in the
central highlands. The dominance of Erica shrubland versus grassland is
probably dynamic and dependent on the fire regime (see below). In Ambo-
hitantely Special Reserve in the central highlands, Erica forms part of the
ecotone between grassland and forest (Ratsirarson et al. 2003). Perrier de
la Bathie (1927b, 1927a) interpreted most of the Erica shrubland outside
the high-altitude areas as secondary, anthropogenic vegetation resulting
from forest destruction through fire (“savoka a Philippia”; savoka meaning
fallow vegetation in Malagasy). The precise roles of fire regimes and land
use in shaping the open vegetation of the central highlands are still debat-
ed (Joseph et al. 2021; Rakotoarivelo et al. 2024; Silander et al. 2024). In
humid, high-altitude areas of Andringitra, the shrub-like, flammable grass
Panicum cupressifolium appears to functionally mimic Erica (Lehmann et
al. 2022). In eastern Madagascar, Erica is found in coastal habitat mosa-
ics with grassland around littoral forest fragments. These open patches
were also often interpreted as secondary vegetation (e.g. in Manombo
Special Reserve, Goodman et al. 2018b). However, a palaeoecological
study of littoral forest fragments around Mandena suggested that “ericoid
grassland” with Erica and Myrica (Myricaceae) had already been part of
a dynamic landscape before the arrival of humans (Virah-Sawmy et al.
2009a). A shift from forest to ericoid grassland around 1.400 cal. yr BP
was attributed to the effects of sea level rise and drought rather than hu-
man action (Virah-Sawmy et al. 2009b).

. Tapia savanna. This type of open-canopy vegetation, dominated by the

tapia tree (Uapaca bojeri, Phyllanthaceae), is found in several disjunct ar-
eas of the central highlands, with its largest extent in Isalo (Fig. 3a). It is
adapted to fire and distinct from forest but also from the otherwise tree-
less grasslands of the central highlands (Kull 2002; Solofondranohatra et
al. 2018). Erica forms part of the tapia understory alongside Vaccinium
and other shrubs and smaller trees (Koechlin 1972; Gautier et al. 2018).
Erica danguyana (H.Perrier) Dorr & E.G.H.Oliv. and E. jumellei (H.Perrier)
Dorr & E.G.H.Oliv. appear to be specifically associated with tapia savan-
na in the centre around Antsirabe and Arivonimamo, respectively; Erica
ibityensis (H.Perrier) Dorr & E.G.H.Oliv.,, E. lecomtei (H.Perrier) Dorr &
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E.G.H.Oliv. and E. isaloensis may also be tapia-associated, according to
their distributions on Mt. Ibity in central Madagascar (the former two) and
the Isalo sandstone massif in the southwest; Erica cryptoclada (specifi-
cally the “var. hybrida” H.Perrier) was also found under tapia in Isalo, in
addition to high altitude ericoid thicket (Perrier de la Bathie 1927b; Dorr
and Oliver 1999). Tapia savanna is actively managed by the local popula-
tion: while the cutting of tapia trees is prohibited, Erica and other shrubs
are extracted as fuelwood and for other uses (Kull 2002).

Ecology and interactions

Malagasy Erica species appear to be adapted to fire. Perrier de la Bathie (1921,
19274, 1927b) viewed most open vegetation on Madagascar, including ericoid
shrubland, as the result of degradation through fire set by humans. Today, it is
generally accepted that fire was already part of Madagascar’s landscape well
before human arrival (Kull and Lehmann 2022), and modern fire regimes are
similar to those of other tropical regions (Phelps et al. 2022). At Lake Dang-
ovavy, in the central highlands, ericoid shrubland was abundant during the
Mid-Holocene, despite the occurrence of fires (Razafimanantsoa et al. 2025).
Erica appear to be favoured by an infrequent fire regime: a study at Ambohi-
tantely found Erica and Asteraceae shrubs appearing on sites that had not
burnt for seven years (Randriatsara 2014). In Andringitra National Park, there
has been a programme using fire to control Erica spread into open grassland
for conservation purposes (Rasolonandrasana and Grenfell 2003), but a certain
frequency of fire appears to favour Erica (Goodman et al. 2018a). At higher fire
frequencies, grasses will dominate; at lower frequencies, trees may colonise
and outcompete shrubs like Erica (Silander et al. 2024). It is likely that Erica
in the central highlands historically formed part of a spatially shifting, decadal
to centennial vegetation dynamic, as was shown in the ericoid belt of the Bale
mountains of Ethiopia, where the palaeorecord evidenced a positive feedback
between Erica abundance and fire (Gil-Romera et al. 2019). A study from south-
west Madagascar suggested similar, spatially heterogeneous dynamics be-
tween littoral forest and Erica/Myrica grassland (Virah-Sawmy et al. 2009a).
Today, fire regimes in the central highlands are almost exclusively determined
by humans; fire is used, among other purposes, to control encroachment of
Erica and other shrubs into grassland (Kull and Lehmann 2022).

We currently do not know to what degree Malagasy Erica species differ in
fire adaptations. The high-altitude species of the ericoid thicket also appear
to be very flammable, but it is unclear whether this represents an adaptation
or a vulnerability. Some of the high-altitude species resprout quickly after fire
(Perrier de la Bathie 1927a). Natural, lightning-induced fires probably occur
in the ericoid thicket (Crowley 2004; Gautier et al. 2018) — a possibility ruled
out by Perrier de la Bathie (1927a) — but at much lower frequencies than in
the highlands or coastal areas. Perrier himself acknowledged the role of Er-
ica as pioneer shrubs, quickly resprouting or colonising after fire and acting
as nurseries for other plants (Perrier de la Bathie 1927b). Erica species of the
high mountains of East Africa were similarly found to be adapted to low-fre-
quency fires (Fetene et al. 2006; Hemp 2006; Wesche 2006; Gil-Romera et al.
2019). Both ‘resprouter’ and ‘seeder’ fire strategies seem to occur among the
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a

Figure 4. Habitats and uses of Erica in Madagascar a Erica sp. in a mosaic with grassland, Andringitra National Park,
Southeast, c. 2,000 m elevation. Lorna MacKinnon, Diana Rabeharison, Nantenaina Rakotomalala, and Fenitra Randri-
anarimanana 2022 b Erica sp. on coastal sand, Manombo Special Reserve, Southeast. Nina Lester Finley 2023 (CC BY
4.0), https://www.inaturalist.org/observations/186728736 c tree heathers, probably corresponding to Philippia cauliflora
subsp. gigas H.Perrier (now included in Erica goudotiana (Klotzsch) Dorr & E.G.H.Oliv), at campsite Beanjavidy (“the
big heathers”), Tsaratanana Reserve, North, c. 2,300 m elevation. Andry Rakotoarisoa 2022 d Erica sp. colonising an
opening dominated by the flammable grass Aristida cf. rufescens in Tsaratanana Reserve, at c. 2,000 m elevation. Jan
Hackel 2022 e—f cut bundles of two unidentified Erica species near Anfanifotsy, just outside Andringitra National Park, c.
1,500 m elevation. Vincent Porcher 2020 (CC BY), https://www.inaturalist.org/observations/95638300.

Malagasy Erica (M.P, pers. obs.); observations from Cape Erica species (Ojeda
1998) suggest that the higher-altitude, more humid conditions would favour
seeders, while the more pronounced drought season at lower elevation would
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select for resprouters. Surveys of Erica root systems could show whether there
are species with lignotubers (Verdaguer and Ojeda 2002), and the impact of
fire on seed germination could be compared among species. Growth form, leaf
shape and leaf disposition probably also impact fuel properties (Keeley et al.
2011; Grootemaat et al. 2017) and should be examined for Malagasy Erica.
This would help understand e.g. to what degree agricultural fires spreading
from lower altitudes harm the ericoid thicket, and the conditions under which
Erica stands fuel fires that can damage adjacent remnants of forest.

There has been little further research on the ecology of Malagasy Erica. Most
species are found on the volcanic and metamorphic substrate of the high moun-
tains and the lateritic soils of the central highlands. Some appear to be specific
to quartzite plateaus or the southwestern Isalo sandstone range, and a single
species, Erica barnettiana Dorr & E.G.H.Oliv., was described from calcareous
substrate, specifically, cipollino marble west of Ambositra (Perrier de la Bathie
1927b). An endemic genus of springtails, Anjavidiella, is confined to litter under
Erica on the high mountains; four species have been described from Ankaratra
and Andringitra, but it has been suggested the genus may have radiated “as ex-
plosively as Erica” on the island (Betsch 2003). Ericoid mycorrhiza has not been
studied in Erica or other Ericaceae in Madagascar. We also have not found any
study of pollination in Malagasy Erica, but one of us (M.P.) has observed mitra-
stylous species flowering in the field: in contrast to those with a discoid stigma,
they did not appear to release pollen into the air on disturbance, suggesting in-
sect rather than wind pollination. Potential pollinators of these species remain
to be identified. No seed information is available for Malagasy Erica; Perrier de
la Bathie (1927b) suggested the seeds disperse easily and retain their viability
for long periods in the soil. He also hypothesised that migratory birds may have
carried Erica seeds between Africa, Madagascar and the Mascarenes and spe-
cifically cited overlap in the ranges of the common quail, Coturnix coturnix, and
Erica in the central highlands of Madagascar (Perrier de la Bathie 1927b).

Ericaceae pollen has been recorded in Madagascar since the late Pleisto-
cene (Fig. 5). We found 18 palynological studies of sediment chronosequenc-
es, mostly from lakes, of which 11 recorded Ericaceae pollen (Suppl. material
3). Only one study identified Erica pollen to genus (Virah-Sawmy et al. 2009b).
The oldest sequence containing Ericaceae extended to c. 63 kyr cal BP (To-
rotorofotsy wetland in the eastern part of Madagascar; Straka 1996). Three
sequences from the central highlands extending into the last glacial period of
the Pleistocene (>11.7 kyr cal BP) recorded high to dominant levels of Ericace-
ae; this was interpreted as ericoid thicket spreading into lower-elevation zones
during cooler and drier periods (Gasse and Van Campo 1998; Straka 2001).
High levels of Ericaceae were also recorded in the gradually warming early Ho-
locene in the central highlands, and levels then decreased toward the present
(Burney 1987b, 1987a; Straka 1996; Razafimanantsoa 2022; Razafimanantsoa
et al. 2025). Burney (1987b) noted that central highland pollen was “probably
most likely Philippia, by far the most common ericoid genus in Madagascar”.
By contrast, in modern Erica grassland on the southeastern coast, Virah-Saw-
my et al. (20093, 2009b) found an increase of Ericaceae and associated taxa
toward the present, especially around 950 BP, interpreted as a shift from forest
and woodland to Erica grassland. Finally, sequences from the eastern Alaotra
wetland system, eastern littoral forest fragments, and from the north and
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Figure 5. Abundance of Ericaceae pollen over time as proportion of overall pollen counts in sediment chronosequences
in Madagascar. Data shown were summarised manually from 11 studies that recorded Ericaceae (see Suppl. material
3), varying in temporal extent and resolution. Only one study (Virah-Sawmy 2009b) identified Erica pollen to genus (Vac-
cinium, also identified, is not shown here). All other studies identified Ericaceae pollen only to family level. Data shown
for Gasse & Van Campo (1998) are for “pollen group P1”, in which Ericaceae was the dominant taxon, and data for Vi-
rah-Sawmy (2009a) are for a pollen group grouping Erica with Vaccinium, Asteraceae, Helichrysum and graminoids. Data
from Straka (1996) have only few calibration points and also include fern spores and aquatics in the total counts.

northwest, recorded only low levels of 10% or less throughout the sequences
(Matsumoto and Burney 1994; Straka 1996; Virah-Sawmy et al. 2009b; Rein-
hardt et al. 2022; Broothaerts et al. 2023).

The overall picture of a high-mountain ericoid thicket being widespread in
highland Madagascar during the last glacial period and then receding to the
high mountains appears consistent with reconstructed palaeoclimate (Gasse
and Van Campo 1998). However, the present distribution of Erica, and other
Ericaceae, extends far beyond the ericoid thicket biome (Fig. 3). There are few
published pollen spectra from modern vegetation in Madagascar that can be
used as references for the interpretation of ancient pollen counts (Burney 1988;
Straka 1991; Razafimanantsoa and Razanatsoa 2024). Erica can form dense
thickets in the present-day central highlands (see Ecology section), which could
also yield high local pollen counts. The studies of Virah-Sawmy et al. (2009b,
2009a), set near the south-eastern coast, also show that high levels of Erica
may reflect an environment quite different from the montane thickets. The lack
of resources for species identification, knowledge of the ecology of Erica and
other Ericaceae, and clearly identified pollen reference material, also severely
limits the interpretation of the palaeontological record. Ericaceae pollen, includ-
ing from Erica, occurs mostly in tetrads, and the exine is characterised by the
presence of numerous minute granules as secondary sculpture (Sarwar and
Takahashi 2014). Straka (1991) noted for Madagascar that “it is impossible to
distinguish Philippia [pollen] tetrads”, based on light microscopy. However, a
recent scanning-electron microscope study of Erica pollen found differences
in pollen aggregation, size, shape and exine ornamentation between species
(Wronska-Pilarek et al. 2018). Four Malagasy taxa included in this study all had
pollen in tetrads but differed in other aspects of pollen morphology. This sug-
gests that the collection and characterisation of pollen reference material for
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the extant Malagasy Erica species may yield features diagnostic for species or
at least species groups, which combined with better knowledge on the ecology,
may improve the resolution of the palaeo-record.

Uses and conservation

Only a few traditional uses have been documented for Malagasy Erica species.
They are used mainly by Merina and Betsileo people from the central highlands,
but also by Betsimisaraka people from the eastern region. The genus Erica is clear-
ly delimited from Agarista and Vaccinium in different dialects of the Malagasy lan-
guage, with local names reflecting ecological knowledge and uses. For Agarista
and Vaccinium respectively, 15 and 17 local names have been reported, mostly
corresponding to clearly identified species (Schatz 2005), but for Erica only five:
anjavidilahy, anjavidy, riadriatra, kisiasia and anjavidilahimadinika — the most com-
monly used being anjavidy, an ethnospecies encompassing several taxonomic
species. The term anjavidy is formed from anjaka, “the action of tying into bundles”
and vidy: "price, value®, which refers to its main use as firewood (de Veyriéres and
de Méritens 1967; Boiteau et al. 1980). In the past, trade in heather as firewood was
particularly important and offered high returns (Boiteau et al. 1980). This wood
was mainly used by affluent families and was highly appreciated for its fragrance
when burned. The term riadriatra, mainly used by Betsileo, also refers to this use,
being built on riatra: “which makes noise when set on fire”. By extension, anjavidy
can also refer to species other than Erica that share similar characteristics (mainly
flammability), such as Hibbertia coriacea Baill. (Dilleniaceae) and Myrothamnus
moschatus (Baill.) Baill. ex Nied. (Myrothamnaceae) (Boiteau et al. 1980).

While the most widespread use of Erica in Madagascar is for fuel (Gade and
Perkins-Belgram 1986), species of the genus probably have other uses, not all
of which are documented. Erica branches are used as brooms (kifafa-anjavidy,
“heather brooms”; Fig. 4e, ), but also as thatch for the roofs of Betsileo houses
and as the preferred support for silkworm cocoons in traditional nurseries (Per-
rier de la Bathie 1927b; Vernier 1964). In addition, some studies mention the
use of Erica in traditional medicine: as cough treatment (Kull 2002), anti-fever
decoction from leafy branches (Onjalalaina et al. 2021) or for treating wounds,
according to Betsileo traditional practitioners (V.P, unpublished). Finally, heath-
ers are used by farmers as indicator plants for exhausted soils. After the pas-
sage of fire on an agricultural or forest plot, heather forms a dense secondary
vegetation known as savok‘anjavidy (literally, “heather fallow”). Farmers avoid
these areas for cultivation (Carriére et al. 2005).

The conservation status of Malagasy Erica has not been formally as-
sessed under the International Union for the Conservation of Nature (IUCN)
red list criteria. However, at least one-fifth of the Malagasy species are likely
to be threatened, according to a machine learning prediction for the whole
of Madagascar’s flora, based on recorded occurrences and environmental
predictors (Ralimanana et al. 2022); Fig. 6). Seven out of 34 assessed Erica
species (20.5%) had a combined likelihood > 0.5 to be threatened (critically
endangered, endangered or vulnerable; Fig. 6a); of these, five had a likelihood
> 0.5 to be critically endangered: Erica armandiana Dorr & E.G.H.Oliv., E. cryp-
toclada, E. goudotiana, E. quadratiflora and E. wangfatiana Dorr & E.G.H.Oliv.
Surprisingly, this includes two rather widespread species (E. cryptoclada and
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Figure 6. Predicted conservation status and threats for Malagasy Erica species, from Ralimanana et al. (2022). Interna-
tional Union for the Conservation of Nature categories for (a) conservation status and (b) threats were predicted for all
unassessed plant species of Madagascar using a neural network model based on species occurrences and associated
environmental predictors, with existing plant assessments as training set (Zizka et al. 2022). CR: critically endangered,
EN: endangered, VU: vulnerable, NT: near threatened, LC: least concern. Erica bojeri was not assessed.

E. goudotiana). “Agriculture” was predicted as a likely threat for 29 of the
Malagasy Erica species, which is in line with the results of Ralimanana et
al. (2022) for the whole of the Malagasy flora, where Agriculture and over-
exploitation affected 90% of all plant species. The central highlands, corre-
sponding to much of the Erica range, are the most densely populated area
of Madagascar and used for field cultivation and cattle farming. “Energy/
mining” was predicted as a threat for 27 species and appears likely, given the
widespread use of Erica as firewood; a better understanding of the species
collected will be important. Southern littoral habitats in particular have been
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cleared for mining purposes (Virah-Sawmy 2009). “System modification” was
predicted for 21 species; this could correspond to changing fire regimes. Fire
was cited as the most important threat for the high-altitude ericoid thicket
(Crowley 2004), but many Erica species also seem to require a minimum fire
regime (see Ecology section above). “Overexploitation” overlaps with use for
“Energy” in the case of Erica and was only predicted for five species, and “Pol-
lution” only for one species. More basic research on individual Erica species
is needed to identify threats and enable formal conservation assessments.

Conclusion and research priorities

1. Taxonomic revision. The synthesis of taxonomy and diagnostic traits that
we have now incorporated into WFO and the Erica Identification Aid should
help to some extent in identifying Erica species in Madagascar. Particularly
for non-specialists, the combination of Latin and French descriptions pre-
sented in Perrier de la Bathie (1927a) may not have been straightforward
to interpret. However, this is unlikely to have been the main stumbling block
leading to the high proportions of undetermined collections apparent today.
Perrier's work was based on material available around 100 years ago, and
his approach in defining relatively narrow species concepts whilst describ-
ing numerous exceptions might reflect real, complex variation but does not
necessarily help in putting names to specimens. A modern revision inte-
grating molecular data to test species boundaries is sorely needed.

2. Phylogenomics. Phylogenetic marker sets employed so far are clearly
not sufficient to resolve relationships within the Malagasy clade. More
markers with greater numbers of variable characters, e.g. using targeted
sequence capture (Musker et al. 2024), will be needed both to improve
resolution and to test hypotheses of hybridisation, biogeography and trait
evolution in this rapid radiation. Uncertainty remains as to the positions of
22 Malagasy species which are either yet to be sequenced or cannot yet
be unambiguously attributed to undetermined collections (Appendix 1).

3. Ecology. Very little ecological information can currently be attributed to spe-
cies, and Malagasy Erica are commonly treated as a single functional group.
Yet the broad distribution in Madagascar and the radiation into at least 35
species suggest significant variation. The existence of both wind- and in-
sect-pollinated species should be verified in the field. Better understanding
of the variation in fire and disturbance ecology between species would di-
rectly inform land management and conservation. Improving resolution and
functional interpretation of the pollen record would contribute to a better un-
derstanding of the central highlands’ debated vegetation history. Linking field
studies and the collection of trait data to herbarium voucher specimens will
be essential for tracing observed variation through an evolving taxonomy.

4. Conservation. The lack of taxonomic revision and resources currently hinder
formal conservation assessments. The preliminary estimate that at least
one-fifth of the Malagasy Erica species are threatened appears conserva-
tive in light of the threats facing Madagascar’s biota in general (Ralimanana
et al. 2022). Missing taxonomic and ecological information also prevents
effective in situ and ex situ conservation. While species of the high-altitude
thickets may mostly be covered by existing protected areas, the status of
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central highland and coastal species is unclear. Only two ex situ collections
of Malagasy Erica exist in the Millennium Seed Bank as of November 2024,
both with unclear species identities. Finally, recording traditional uses, which
likely include more than the ones we reported, will both aid in designing ef-
fective conservation strategies and help preserve traditional knowledge.
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Supplementary material 1
Occurrences per identified Malagasy Erica species, plotted on elevation maps

Authors: Jan Hackel, Andriantsilavo H. I. Razafimanantsoa, Vincent Porcher, Michael D. Pirie

Data type: pdf

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/phytokeys.256.141375.suppl1

Supplementary material 2

Specimen voucher information for new DNA sequence data, including
International Sequence Database Collaboration accession numbers

Authors: Jan Hackel, Andriantsilavo H. I. Razafimanantsoa, Vincent Porcher, Michael D. Pirie

Data type: csv

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/phytokeys.256.141375.suppl2

Supplementary material 3

Information on Erica pollen abundance in sediment chronosequences
extracted from the literature

Authors: Jan Hackel, Andriantsilavo H. I. Razafimanantsoa, Vincent Porcher, Michael D. Pirie

Data type: xIsx

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/phytokeys.256.141375.suppl3

PhytoKeys 256: 91-118 (2025), DOI: 10.3897/phytokeys.256.141375 118


http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/phytokeys.256.141375.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/phytokeys.256.141375.suppl2
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/phytokeys.256.141375.suppl3

	Heathers (Erica, Ericaceae) of Madagascar: taxonomy, evolution, ecology and uses
	Abstract
	Introduction
	Taxonomy
	Phylogenetics and evolution
	Distribution and habitats
	Ecology and interactions
	Uses and conservation
	Conclusion and research priorities
	Acknowledgements
	Additional information
	References
	Appendix 1

