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1. Definition and typology of zoogeomorphosites

1.1. Definition: A concept to fill the missing links between geoheritage and bioheritage

Zoogeomorphosites can be defined as geomorphological sites of special interest for animal biodiversity

and conservation. They appear as ideal places for linking geoheritage and biodiversity heritage because of the

reciprocal effects and interactions between landforms and animals (Butler, 1995). A zoogeomorphosite must

combine a high geomorphological value and a high ecological (zoological) value.
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Interactions and reciprocal effects
between landforms and animals Conception © F. Bétard



1. Definition and typology of zoogeomorphosites

1.2. Typology: passive and active zoogeomorphosites

This typology differs from that of
Reynard (2005, 2009) who has proposed
to distinguish active and passive
geomorphosites with a different
meaning. In the definition proposed by
this author, passive geomorphosites
correspond to inherited landforms or
processes derived from past climates or
environments. In our proposed typology,
passive zoogeomorphosites may
correspond either to active or inherited
landforms which passively constitute
habitats supporting animal species or
communities. In the same way, active
zoogeomorphosites in our typology
may correspond either to active or
inherited landforms resulting from
animal activity.



Some French examples of passive zoogeomorphosites: Landforms as valuable habitats for animal species or communities
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Alpine ibex
(Capra ibex)

Ecrins National Park

Saulges Karstic Caves © F. Bétard

Greater 
horseshoe bat 
(Rhinolophus 
ferrumequinum)

©  PN France

© baiedesomme.org

© A. Trepte

National Nature Reserve
of the Bay of Somme

Harbor seal 
(Phocavitulina)

© RNN Sept-Iles

©  LPO

Atlantic Puffin    
(Fratercula
arctica)National Nature Reserve

of Sept-Îles



Some worldwide examples of active zoogeomorphosites: Landforms as a result of animal activity
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Okavango delta WHS,
Botswana

Mound-
building termite 
(Macrotermes
michaelseni)

© iNaturalistAU

Yellow   
meadow ant
(Lasiusflavus)
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Pocket gopher
(Thomomys
talpoides)Mima Mounds Natural 

Area Preserve, USA © CC BY-SA 4.0
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Various coral
species and
communities

Coombe Hill SSSI,
UK

Great Barrier Reef,
Australia

© Toby Hudson



1. Definition and typology of zoogeomorphosites

1.2. Typology: passive and active zoogeomorphosites
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2. Example of zoogeomorphological survey

2.1. Materials and methods

Studysite 

Location and topographic map of the study site

Ypresian paleovalley

Atlantic dry heath
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Granite boulderA granitic
geomorphosite of high 

ecological interest
(ZNIEFF), composed of 

two hills with small tors 
and boulders 

outcropping at 230-260 
m a.s.l. 

Bois-des-Jarries (southern Armorican Massif, NW France)
Coordinates: 46°51'32.7"N, 0°54'10.2"W



Leucomonzogranite

Leucogranite

Hornfels

Sandstones

SchistsAerial photograph Topographic map Geological map

Protection statusEnvironmental zoning

ZNIEFF TYPE 1

ZNIEFF TYPE 2
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Facilities and amenities

GR hiking trail

Forest path

Parking

Viewpoint

Panel© ONF, 2019200 m



BOIS-DES-JARRIES
NATURAL PROTECTED

AREA AS A
ZOOGEOMORPHOSITE

Geomorphological Value Zooecological Value

GEOHERITAGE BIOHERITAGE

Paleovalley-side scarps

Ypresian fluvial sediments

Granites and gneiss
Schists and micaschists

Study site

© Bouton, 2008

European
nightjar
(Caprimulgus
europaeus)

Atlantic
dry heath
(Gomphocerippus
armoricanus)
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©  P. Gourdain

© M. Kukla

Red wood ant
(Formica rufa)

Bedrock
granite

landforms

Ypresian
fluvial

paleovalley

Biogenic
microlandforms

Landforms as valuable habitats for animals

Landforms as a result of animal activity
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Relationships between landforms, soil humidity, vegetation structure
and Orthoptera communities in the Bois-des-Jarries zoogeomorphosite

Hilltop Hillslope Valley floor
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Gomphocerippusarmoricanus

Ephippigerdiurnus

Phaneropterafalcata

Aiolopusstrepens

Nemobiussylvestris

Meconemathalassinum

Cyrtaspisscutata

Pholidopteragriseoaptera

Grylluscampestris

Stenobothrusstigmaticus

Gomphocerippusbiguttulus

Tessellanatessellata

Stethophymagrossum

Conocephalusdorsalis

Pteronemobiusheydenii

Chrysochraondispar



2. Example of zoogeomorphological survey

2.1. Materials and methods

Methods

A zoogeomorphogical survey carried out in summer 2020 on    
Red wood ant (Formica rufa) mounds involving a two-stage 
methodology: 

(1) linear surveys along forest paths, in order to calculate mound 
densities and to proceed with a general inventory of ant 
mounds;

(2) morphometric measurements of mounds using strip transects 
in 13 representative habitat types, in order to calculate 
mound volumes and to evaluate their evolution on a 5-years 
period (adapted from Torossian, 1979, and Vogt, 2007). 

From Lempérière et al. (2002) Sampling strategy using strip transects in the forest plan

REGULAR HIGH FOREST

Scots pines over chestnut

Atlas cedar

Native oaks

Oaks and chestnuts

Chestnuts

Chestnuts and oaks

Native oaks

Oaks and chestnuts

Chestnuts

Chestnuts / mar. pines

Chestnuts / scots pines

Dry heath and stunted 
copse on rocky soil

Forest path

COPSE

HIGH FOREST WITH STUMPS

200 m



2. Example of zoogeomorphological survey

2.2. First results

Ant mound inventoryand densities

119 ant mounds have been inventoried in summer 2020 along the
forest paths. Formicarufa being an edge species, we consider that
the major part of the mounds (>50%) were inventoried thanks to this
linear survey. Compared to the surface of the forest (62 ha), this
number indicates a minimum density of 1.9 nests ha-1. Taking into
account the mounds located inside the forest plots, we estimate that
the overall density of Formicarufa anthills is comprised between 2
and 4 nests ha-1 on the zoogeomorphosite.

Estimations of linear densites of ant mounds along paths

REGULAR HIGH FOREST

Scots pines over chestnut

Atlas cedar

Native oaks

Oaks and chestnuts

Chestnuts

Chestnuts and oaks

Native oaks

Oaks and chestnuts

Chestnuts

Chestnuts / mar. pines

Chestnuts / scots pines

Dry heath and stunted 
copse on rocky soil

Forest path

COPSE

HIGH FOREST WITH STUMPS

Linear densites
(nb of mounds / hectometer)

Some examples of ant
mound morphologies 
inventoried along the 

forest paths. A: Simple 
dome-shaped mound; B: 

Cone-shaped mound with
a wood frame; C: Half 

dome leaning against a 
pile of wood; D: 

Dissymetric dome made 
of maritime pine needles. 

Photos © F. Bétard.

200 m



2. Example of zoogeomorphological survey

2.2. First results

Ant mound morphometryand biovolumes

First results of the morphometric measurements indicate that the highest
biovolumes are found in mixed-pine forest habitats, and that the
geomorphology of the granitic hills (slope, aspect, height above drainage, etc.) is
of major influence on their distribution and shape.

Comparing biovolumes of ant mounds in 
broadleaf and mixed-pine forest habitats

N° Transect N° Forest plot Forest habitat type Total nb of 

mounds

Nb of 

S.M.

Nb of 

M.M.

Nb de 

B.M.

Total biovolume 

(m3)

Necrovolume
(m3)

Mean biovolume 

(m3)

Necrotic index

1 1 Copse of chestnuts

and maritime pines

0 0 0 0 0,00 0,00 0,00 0,00

2 2 High forest of Atlas 

cedra

3 1 2 0 0,05 0,12 0,05 2,27

3 1-3 Copse of oaks and 

chestnuts

2 0 1 1 0,52 0,00 0,26 0,00

4 3 Dry heath 1 0 1 0 0,10 0,00 0,10 0,00

5 5 Copse of chestnuts 0 0 0 0 0,00 0,00 0,00 0,00

6 2 Copse of chestnuts

and scots pines

7 0 0 7 5,89 0,67 1,18 0,11

7 6 High forest of scots

pines over chestnuts

5 0 2 3 3,22 0,12 0,80 0,04

8 11 Copse of oaks 6 0 4 2 1,58 0,59 0,53 0,38

9 13 Stunted copse of oaks 

on rocky soil

5 1 2 2 2,40 0,19 0,80 0,08

10 9-13 High forest of 

chestnuts and oaks

3 0 1 2 0,44 0,00 0,44 0,00

11 9 High forest of oaks 0 0 0 0 0,00 0,00 0,00 0,00

12 9 High forest of oaks

and chestnuts

3 1 0 2 1,01 0,00 0,34 0,00

13 8 High forest of 

chestnuts

3 0 1 2 1,32 0,00 0,44 0,00

S.M.: small mound (<32 dm3); M.M.: medium mound (32 dm3 to 256 dm3); B.M.: big mound (256 dm3 to 2,048 dm3).



Concluding remarks

V Zoogeomorphosite: an integrated concept for linking geoheritage and 
biodiversity heritage and promoting them together on a same site.

V Importance of landforms in supporting habitats for wild animals => 
passivezoogeomorphosites.

V Importance of animals in shaping landscapes and landforms =>         
activezoogeomorphosites.

V Ant mounds as a remarkable example of biogeomorphological heritage, 
hybrid and evolutionary in nature, but highly sensitive to environmental 
and human-induced changes (e.g., forest clear cuts, tourism pressure)

=> in the study site, monitoring of morphometric changes of Formica
rufa ant mounds on a 5-years period as a management tool.

V Because ant mounds are an integral component of natural heritage and a 
key provider of ecosystem services, their inventory and protection as 
zoogeomorphosites – just like that of termite mounds – are of prime 
relevance in the wider scope of integrating geodiversity and biodiversity 
in nature conservation policies and strategies.
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Recent forest clear cut (<5 years)
unfavorable to Formica rufa

Formica rufa workers dragging prey 
(Geotrupessp.) towards the anthill
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