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1. Definition and typology of zoogeomorp_

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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1. Definition and typology of zoogeom

1.2. Typology: passive and active zoogeomorphosites

NATIONAL NATURE RESERVE OF COTEAUX DE LA SEINE (FRANCE)

PASSIVE ZOOGEOMORPHOSITES =
Landforms as valuable habitats for animal
species and/or communities

Chalk pinnacles
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LITCHFIELD NATIONAL PARK (NORTHERN TERRITORY, AUSTRALIA)

ACTIVE ZOOGEOMORPHOSITES =
Landforms as a result of animal activity
by bioerosion and/or bioconstruction

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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Some worldwide examples of active zoogeomorphosites: Landforms as a result of animal activity
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1.2. Typology: passive and active zoogeomorphosites

ZOOGEOMORPHOSITES

Passive Zoogeomorphosites

Active Zoogeomorphosites
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2. Example of zoogeomorphological surveyl_
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2.1. Materials and methods

Studysite
Ypresian paleovalley

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

NW France
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GEOHERITAGE BIOHERITAGE

BOIS-DES-JARRIES
NATURAL PROTECTED
AREA AS A
ZOOGEOMORPHOSITE

[ Geomorphological Value Zooecological Value ]
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Biogenic Landforms as a result of animal activity

microlandforms

Red wood ant
(Formicarufa)
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Hilltop Hillslope Valley floor
Landforms -« < >
Xeric Mesoxeric Humid
Soil humidity - - > < >
Vegetation Thicket Woodland Meadow Rush bed
structure - g
Orthopteran Oecanthea Nemobiea Chorthippea Stethophymea
communities pellucentis sylvestris paralleli grossi
. Defaut (1994) Defaut (1994) Defaut (1994) Defaut (2016)
Division - > < >
Gomphocerippetea Nemobietea Roeselianetea Chorthippetea
binotati sylvestris roeselii albomarginati
Class Defaut (1994) Defaut (1994) Defaut (1994) Defaut (2016)
Gomphocerippetalia Yersinelletalia Roeselianetalia Conocephaletalia
binotati raymondii roeselii dorsalis
Defaut (1997) Defaut (1994) Defaut (1994) Defaut (1999)
Order -~ > <« > € >
Gomphocerippion Ephippigerion
vagantis diurnae
. Defaut (1997) Defaut (1994)
Alliance
Gomphocerippo binotati Stethophymetum
- Ephippigeretum diurni grossae
. Bétard (2013) Bétard (2015)
Synusia
- Gomphocerippus - Nemobius sylvestris - Gryllus campestris - Stethophyma grossum
binotatus - Meconema - Pseudochorthippus - Conocephalus dorsalis
. .  -Ephippigerdiurnus thalassinum parallelus - Pteronemobius heydenii
Characteristic - ppaneroptera falcata - Cyrtaspis scutata - Stenobotrhus - Roeseliana roeselii
species - Gomphocerippus - Leptophyes stigmaticus - Chorthippus
vagans punctatissima - Gomphecerippus albomarginatus
- Calliptamus barbarus - Pholidoptera biguttulus - Chrysochraon dispar
- Oedipoda caerulescens  griseoaptera -Tessellana tessellata - Tetrix undulata
- Aiolopus strepens - Tettigonia viridissima - Omocestus rufipes - Phaneroptera nana
NE
m A
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- Holocene alluvium %% Shrubs
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(<}
= + + + +
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Relationships between landforms, soil humidity, vegetation structure
and Orthoptera communities in the Bois-des-Jarries zoogeomorphosite

Hilltop Hillslope Valley floor

Stethophymayrossum

Photos © F. Bétard



2. Example of zoogeomorpholé'

REGULAR HIGH FOREST COPSE

2.1. Materials and methods _ scomspines overchestnut I ot ok
Atlas cedar 771 0aks and chestnuts
HIGH FOREST WITH STUMPS - Chestnuts
[277 Native oaks P chestnuts / mar. pines
M eth OdS [ Oaksand chestnuts ## Chestnuts / scots pines
888 Chestnuts
A zoogeomorphogical survey carried out in summer 2020 on B Chestnuts and oaks [ Dy heath and sturted
Red wood ant (Formicarufa) mounds involving a two-stage Forest path

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 Lempériere et al. (2002)

Sampling strategy using strip transects in the forest plan



2. Example of zoogeomorphological st

2.2. First results

Ant moundinventoryanddensities

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 hal. 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 hal on the zoogeomorphosite.

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.

REGULAR HIGH FOREST

|| Scots pines over chestnut
[ Atlas cedar

HIGH FOREST WITH STUMPS
[3% Native oaks

E Oaks and chestnuts

- Chestnuts

[ Chestnuts and oaks

COPSE

L] Native oaks

Oaks and chestnuts
I Chestnuts

- Chestnuts / mar. pines
##7 Chestnuts / scots pines

{7‘ Dry heath and stunted
copse on rocky soil

Forest path

Linear densites
(nb of mounds / hectometer)

0
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Estimations of linear densites of ant mounds along paths




2. Example of zoogeomorphological s

2.2. First results

Ant moundmorphometryand biovolumes

First results of the morphometric measurements indicate that the highest
biovolumes are found in mixed-pine forest habitats, and that the 2,500,000
geomorphology of the granitic hills (slope, aspect, height above drainage, etc.) is
of major influence on their distribution and shape. 000,000
N - 1l
- Copse of chestnuts 0,00 0,00 0,00 ME
and maritime pines
merme p = 1,500,000 4
2 ngdh forest of Atlas 3 1 2 0 0,05 0,12 0,05 2,27 g
B 1-3 Copse of oaks and 2 0 1 1 0,52 0,00 0,26 0,00 2
- chestnuts g %
* B Dry heath 1 0 1 0 010 0,00 010 L &8 1,000,000 + s
5 Copse of chestnuts 0 0 0 0 0,00 0,00 0,00 0,00 ' ’
- 2 Copse of chestnuts 7 0 0 7 5,89 0,67 1,18 0,11
and scots pines _|_
6 :iifzsfz‘r/eesrtcc;fe Z:z::is 5 0 2 3 3,22 0,12 0,80 0,04 500,000 + ,
_ 11 Copse of oaks 6 0 4 2 1,58 0,59 0,53 0,38 '
- 13 Stunted copse of oaks 5 1 2 2 2,40 0,19 0,80 0,08
on rocky soil ——
10 9-13 High forest of 3 0 1 2 0,44 0,00 0,44 0,00 O =% -
- chestnuts and oaks Broadleaf = Mixed-pine
9 High forest of oaks 0 0 0 0 0,00 0,00 0,00 0,00
12 9 High forest of oaks 3 1 0 2 1,01 0,00 0,34 0,00 . . .
- and chestnuts Comparing biovolumes of ant mounds in
13 8 High forest of 3 0 1 2 1,32 0,00 0,44 0,00 . . .
E_] chestrus broadleaf and mixed-pine forest habitats

S.M.: small mound (<32 dm?3); M.M.: medium mound (32 dm3 to 256 dm?3); B.M.: big mound (256 dm?3 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 =>
active zoogeomorphosites.

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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