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last decades is heavier than other breeds and forages more 
on graminoids than woody species. The number of grazing 
sheep was in decline between 2004 and 2014, a change that 
may also have an indirect effect on invertebrates and grass-
land structure (Ross et al., 2016).

Different types of livestock have different specificities 
regarding fodder preference, foraging pattern, trampling, 
and dung dropping. It is possible that this affects the local 
environment differently, including soil, litter, plant, and ar-
thropod communities (Kotze et al., 2011; Liu et al., 2015; 
McFerran et al., 1994; Zhu et al., 2015; Garrido et al., 2019). 
The assemblage of insects associated with dung, such as the 
paraphyletic group of “dung beetles” (Scarabaeidae), will 
be particularly influenced by the presence of cows (van 
Klink et al., 2015; Zhu et al., 2015). Species in the fami-
lies of rove beetles (Staphylinidae), ground beetles (Cara-
bidae), and scarabs (Scarabaeidae) are attracted to fresh 
cattle dung in both open and wooded pastures (Galante et 
al., 1995). Carabidae are particularly sensitive to changes 
by both natural and human-induced disturbance and thus 
were shown to be a good indicator of the health of an eco-
system (Koivula, 2011). The grazer species will however 
not be the only factor affecting dung beetle assemblages. 
Requirements for moisture, pH, light exposure, and soil 
type e.g., differ between families, implying that the local 
environment plays an important role in shaping beetle as-
semblage. The fjord system of the NBR offers very complex 
and intertwined climatic, geomorphological, and ecologi-
cal conditions. The coastal areas are flat and moist, exposed 
to strong winds, salts from sea spray, and high precipita-
tion. The coast also has milder winters and colder summers 
than the inner fjords (Hjelle et al., 2018).

A healthy ecosystem should contain species commu-
nities that are diverse and abundant. Certain beetle fam-
ilies (such as carabids) function as indicators of overall 

Abstract 
This study explores the interactions between domestic her-
bivores and beetles in the fjord system of the Nordhord-
land Biosphere Reserve. Fields grazed by sheep had overall 
higher beetle abundance, even if the number of families 
did not vary. I also found that beetle diversity and abun-
dance were affected by the ecological zone: coastal sites 
showed higher beetle abundance, particularly including 
hygrophilous families, compared to fjord sites. The type of 
livestock seems to have an influence on the composition 
of beetle assemblages, but it may be covered by stronger 
environmental effects.

Introduction
Small-scale farming and versatile land use have been prac-
ticed in Nordhordland Biosphere Reserve (NBR) for more 
than 6000 years (Hjelle et al., 2018). This has resulted in an 
assemblage of diverse landscapes, including “semi-natural” 
grasslands which are defined by the modification of vegeta-
tion (e.g., using domestic livestock for labour, grazing, and 
food) and the need for cultivation (e.g., creating artificial 
plant communities) (Kaland et al., 2018). Fodder produc-
tion (plant biomass) for animals supports the livelihood of 
humans and can provide a rich habitat for insects that may 
serve as pollinators and/or natural pest control (Bengtsson 
et al., 2019). However, agricultural intensification has con-
tributed to species extinction and lower diversity in both 
pollinators and European carabids, such as ground beetles. 
This is eligibly caused by the use of artificial pesticides, 
along with the removal of hedgerows and other natural 
habitat features (Sánchez-Bayo & Wyckhuys, 2019). In 
coastal Norway, changes in agricultural practices can be 
illustrated by the diversification of livestock and the graz-
ing intensification at a local scale (Austrheim et al., 2011). 
For instance, the main sheep breed used in Norway in the 
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biodiversity and ecosystem health. They show predictable 
responses to both small- and large-scale variations of man-
agement and disturbance. These variations can be indicat-
ed by the presence or absence of carabids – which may also 
reveal the condition of certain beetle species and/or other 
animal taxa (Kotze et al., 2011). Ground beetles are affected 
by pollution such as heavy metals in soil or by pesticides, 
and their mean individual body mass can be linked to suc-
cession in numerous habitats (carabids being habitat-gen-
eralists) (Kotze et al., 2011). Furthermore, carabids include 
keystone species whose abundance may impose dramatic 
effects on pests and crop production - as they are respon-
sive to both agriculture and forestry disturbance (Kotze et 
al., 2011). Some carabid species may even signal environ-
mental change by e.g., shifting the altitude of habitat resi-
dence (Kotze et al., 2011). However, these responses should 
be addressed individually unless otherwise proven for that 
taxon and/or for conditions that are hard to observe. By us-
ing these indicators, we can potentially enhance conditions 
for carabid families and their living habitats (Kotze et al., 
2011; Sánchez-Bayo & Wyckhuys, 2019).

In this study, the overall impacts of different grazers 
(cows, sheep, goats) are compared using the total abun-
dance of beetles, abundance in main families of beetles, 
and family diversity of beetles.

By comparing different grazers across different sites of 
the Nordhordland Biosphere Reserve, I hope to find the 
effect of grazers and geographical location on beetle diver-
sity and abundance. For each study site, I will explore the 
total abundance of beetle, abundance in main families of 
beetles, and family diversity of beetles. I seek to answer two 
hypotheses:

H1: More dung in cow sites will result in a generally high-
er abundance of dung beetles than in sites grazed by sheep 
and goats.

H2: Geographical location will have an impact on beetle 
diversity and abundance. For instance, coastal areas may 
get more precipitation and higher levels of salinity in the 
soil – which can have indirect effects on the beetles.

Material & methods
Study Area

The study area is the Nordhordland Biosphere Reserve 
(NBR), including nine grassland study sites (Figure 1). 
Three of the sites were sampled closer to the coast (O’ 
coding/outer fjord, Table 1), while the other six sites 
were in the fjords (I’ coding/coast, Table 1). All sites were 
grazed by either cows, sheep, or goats. Additional details 

Figure 1. Location of the nine sites grazed either by sheep (grey), goat (white) or cows (black). Credits: Morgane Kerdoncuff.
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are listed in Table 1. We collected the samples in systems 
with low-intensity grazing, and low to no pesticide usage.

Data Collection

Sites were defined as sampling areas of 20 x 20 m2, with 
homogeneous grassland vegetation cover representative of 
the surrounding grazing field area. Wet zones (e.g., with 
peat moss or cotton grass) or bare rock were avoided. The 
aspect and elevation of the sites were recorded. In each site, 
we installed three sets of four dung-baited pitfall traps. 
One set was made of a 1 m2 square, with one trap on each 
corner. Sets were separated from each other by a mini-
mum distance of 6 m2. There was a total of 12 traps per site, 
which resulted in 108 samples for the overall survey. Each 
trap had a diameter of 11.5 cm and was covered by a wire 
mesh and baited with cow dung to attract dung beetles.

The samples in this project are from different periods 
during summer 2019, with traps being active for one week 
each (Table 1). All beetles were then sorted by family in the 
lab and stored in 70 % ethanol. For family identification I 
used Duff & Smith (2012) and Unwin (1985).

Data Handling

The survey will address the following response variables: 
total abundance of beetles, abundance per family and fam-
ily diversity. The variables were visualized as bar plots us-
ing Microsoft Excel.

Results
My results showed that different grazers had different im-
pacts on beetle communities. It seems that beetle abun-
dance may not be related to beetle diversity.

Table 1. Description of the nine study sites in Nordhordland Biosphere Reserve.

Figure 2. Total abundance of beetles for each site, classified according to livestock type (cows, sheep, goats).
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The abundance of beetles per. site ranged from 69 (IG2) 
to 1672 (OS1) individuals (Figure 2). The sites grazed by 
sheep had an overall greater abundance of beetles but 
also showed the highest variability across sites. The lowest 
abundance of beetles is found in a goat site (IG2). On av-
erage I found a total abundance of beetles of 157 for sheep, 
97 for goats, and 77 for cows. There is a clear difference be-
tween fjord and coastal sites, especially for sheep and goats 
– reflected in e.g., four times as many beetles in the OS1 
site than in the IS2 site.

The coastal sites (OC1, OS1, OG1) had an overall higher 
abundance of beetles, particularly for Staphylinidae (rove 
beetles) but also for Hydrophilidae (water scavenger bee-
tles) (Figure 3). Staphylinids are most abundant for all sites, 
except the IC2 site grazed by cows. Carabidae (ground bee-
tles) and Scarabidae (dung beetles) are the least abundant 
families throughout nearly all sites. The sheep sites IS2 and 
OS1 stood out by having the highest abundance of dung 
beetles. The goat sites in fjords had the lowest abundance of 
beetles per. family of all the fjord sites in the survey.

The total abundance of beetles is highest in sheep sites 
(Figure 2). These sites also have the highest abundance of 
beetles in different families (Figure 3). This is true for three 
out of the five families analysed, respectively the families 
of Scarabidae, Staphylinidae, and Hydrophilidae. Ptiliidae 
(featherwing beetles) were most abundant in OC1 (Figure 
3), however, they seemed to thrive in any habitat.

The diversity ranges from 5.0 to 9.0 families per site. 
Cow and goat sites have 9.0 families in two out of three 

sites. The average number of families is highest in cow sites 
by 8.0, closely followed by goats with 7.7 and sheep sites 
with an average of 7.0 families per site (Figure 4).

From figure 2, 3 and 4 we can observe that beetle abun-
dance and diversity do not always follow the same trends. 
For instance, beetle abundance is substantially lower on 
IG2 and IC1, yet the number of families identified is quite 
similar to other sites.

Regarding geographical location, the abundance in 
main families is highest in coastal sites – as with the overall 
abundance.

Discussion
The negative impact of intensified agriculture involves 

the abandonment of small-scale farming and semi-natu-
ral grassland, which has disadvantages for biodiversity. Yet, 
grazing in semi-natural grassland affect keystone species 
such as beetles of the carabid family. They are immensely 
affected by their environment and may respond to graz-
ing regimes by grazer species (Sánchez-Bayo & Wyckhuys, 
2019; Zhu et al., 2015; Pozsgai et al., 2022). We collected 
beetles from nine locations with semi-natural grassland in 
Nordhordland Biosphere Reserve. The abundance and di-
versity of beetles were then compared to the type of grazer 
in their habitat and habitat location. From my analysis, I 
could observe the following trends: the total beetle abun-
dance in the fjords was lower than in the coastal areas, and 
it was higher in sites grazed by sheep. Beetle abundance and 
diversity were not consistently following similar trends: 

Figure 3. Total abundance of beetles for the main families (Carabidae, Scarabaeidae, Staphylinidae, Hydrophilidae and Ptiliidae) in each site, 
classified by livestock type.
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very low abundance was not followed by lower diversity. 
The first hypothesis of this study was not supported by 
my results, as sites grazed by cows do not obtain a higher 
abundance of carabids (Figure 2-3). My second hypothesis 
is verified, as there are some clear patterns when it comes to 
carabid abundance in different sites (Figure 2-3). Diversity 
is slightly higher in coastal sites (Figure 4), even though it 
doesn’t appear to be related to any particular factors.

Diversity and Abundance are not always Mutually Con-
sistent

It is important to check both diversity and abundance be-
cause more abundance does not necessarily mean that a 
beetle community is thriving under the specific circum-
stances of that area (Koivula, 2011). Although grazing has 
an impact on the diversity of plants, plant diversity is not 
shown to have a direct impact on arthropod diversity (Bor-
er et al., 2012). On the other hand, there is support for a 
link between the biomass of plants and arthropod diversity. 
That said, arthropod abundance does not have to be affect-
ed by the increase in plant production (Borer et al., 2012). 
High species abundance can serve as a reflection of trees 
and shrubs in a heterogeneous landscape. Small-scale graz-
ing is one such system, with a mosaic of open habitats and 
woodland. This vegetation may function as a foraging re-
source and microclimate refuge in times of environmental 
stress (Söderström et al., 2001). Vegetation is in turn affect-
ed by the type of grazer and grazing patterns. Sheep mainly 
graze on grass and occasionally woody species and forbs, 

goats graze on woody species and grasses while cows prefer 
grass but may eat forbs. These preferences lead to grassland 
with diversity in structure, reflecting what type of plants 
that are not grazed on (Mphinyane et al., 2015; Scohier & 
Dumont, 2012). To reflect the grazing intensity, we collect-
ed dung and recorded the amount thereof in all sites. OS1 
contained the absolute highest proportion of dung, which 
may explain the high abundance of beetles in OS1. Howev-
er, it does not explain the high diversityas this is expected 
to be lower in systems with high-intensity grazing. Neither 
does it explain the relatively high abundance in the OG1 
site as it has low amounts of dung, but it does explain its 
high diversity as the site has low grazing intensity.

To understand why the abundance of beetles and fami-
lies of beetles are higher in sheep sites, while the diversity 
of families is lower – we first need to look at the grazer. 
In small-scale semi-natural grassland, the populations of 
arthropods are highly affected by local management as 
well as the grazing herbivores. Light grazing leaves the 
“plant-herbivorous insect” interactions alone, which in-
creases insect diversity. The same applies to short grazing 
periods (Scohier & Dumont, 2012). A study conducted 
by Borer et al. (2012) states that plant production changes 
the relationship between the diversity of arthropods and 
plant diversity, and thereby that plant diversity does not 
control arthropod diversity directly. On the other hand, 
plant abundance influences arthropod abundance. The low 
beetle diversity in the sheep sites could result from intense 
grazing, reducing plant biomass and diversity. Sheep are 

Figure 4. Total number of beetle families per site, classified according to livestock type.
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selective grazers and create short, homogenous grassland 
(Scohier & Dumont, 2012) that may only be attractive to 
certain families of beetles. These families could be high 
in numbers simply because they live on unspoiled vege-
tation, and that they are amongst few families that thrive 
with that certain type of land. High abundance can also be 
the result of size, such as the Staphylinids I collected which 
were dominantly small in size. This makes them less affect-
ed by changes than bigger specimens like Carabidae and 
Scarabaeidae (van Klink et al., 2015).

The relation between grazing, beetle abundance, and 
diversity are investigated by Kruess & Tscharntke (2002) 
supports the results of this survey: species diversity is lower 
on intensively grazed pastures than on extensively grazed 
or non-grazed grassland, while abundance is higher on the 
latter. Abundance on intensively vs. extensively grassland 
did not differ significantly.

Effect of Climate and Ecological Conditions

Beetle abundances in OG1, OS1 and OG1 were substan-
tially higher than in other sites, while the same sites also 
had higher diversity. Both fields are closer to the coast, 
which implies that geography may affect beetle communi-
ties. The high abundance of staphylinids and hydrophili-
dae in coastal sites, indicates that hypothesis number two 
may be supported, implying a connection between abun-
dance and location. The difference in the total abundance 
of beetles in these sites is explained by the high numbers 
of Staphylinidae. Fjord sites are lower in beetle abundance, 
and most of them are lower in diversity than sites closer 
to the coast. The latter sites are more exposed to condi-
tions such as high winds and waves - but may also get bet-
ter conditions in terms of higher winter temperatures, soil, 
nutrients from saltier water, less precipitation, and more 
(sun)light. The sites with proximity to the coast were also 
sampled earlier than other sites, which may have affect-
ed the results. Differences in abundance and diversity of 
beetles between sites could also be the result of pesticides 
or the type and sequence of crops (Goulet, 2003), but our 
samples were collected in low-intensity systems with low to 
no pesticide usage. One specific family of beetles makes up 
most of the abundance in the OS1 site. This is the world’s 
largest family of beetles, Staphylinidae. The family covers 
a wide range of habitat types and functional groups. Rove 
beetles may be more abundant because of their versatile 
feeding habits, and by being the most successful group of 
Coleoptera - considering their ability to live in almost any 
habitat (Betz et al., 2018). Overall, there is slightly higher 
diversity in coastal sites but no clear patterns. Hypothesis 
number two can be confirmed based on both generally 
higher abundance and diversity in coastal sites.

One of the questions yet to be answered is why the re-
sults differ between goat and sheep sites. Is the difference 

created by the animal itself, or perhaps by the manage-
ment strategy of the farmer who moves the goats closer 
to shrub-encroached habitats? Goats graze on shrubs and 
are used for this purpose, while sheep prefer grass and 
herbs. Crawley (1983) made an interesting observation in 
that regard: “Larger herbivores were predicted to increase 
plant diversity through grazing on dominant plant spe-
cies, whereas smaller herbivores were predicted to reduce 
plant diversity by grazing on rare plant species”. Beetles in 
goat sites are less abundant but more diverse than in sheep 
sites, which can be the result of less intense grazing. Low-
er disturbance by sheep may explain higher abundance in 
those sites, but higher site heterogeneity created by goats 
and cows may explain the higher diversity there. However, 
the overall trend shows only small differences. And why do 
cow sites have more diversity and less abundance of beetles 
than other sites? The heavy trampling of cows on grass-
land may create suitable microclimates of sheltering tufts, 
which could increase beetle diversity. Contrary to my first 
hypothesis, the cow sites may have a lower overall abun-
dance due to less intense grazing than sheep and goat sites, 
or by heavy trampling and solidification of the soil (van 
Klink et al., 2015; Zhu et al., 2015).

Limitations of the Study and Research Perspectives

Parameters that were not thoroughly examined are the 
timing of sampling and the site aspect. There seems to be 
some patterns connected to the period of sampling (Table 
1). The sites showing most abundance was sampled in June 
and July (OC1, OS1, OG1), while the diversity across sites 
fluctuated throughout the summer. Although the four least 
diverse sites were found in August (IG1, IV1, IS2, IC2), 
two of the sites (IC1, IG2) with highest diversity were also 
found in August. The general pattern is that both abun-
dance and diversity declined from about mid-July. Another 
parameter of interest is the positioning of sites (Table 1). 
South faced sites are exposed to more sun and less humid-
ity than north faced sites, which may provide better living 
conditions. The most abundant sites faced northwest (OC1 
and OS1) and south (OG1), and the least abundant faced 
southwest and northeast/ east (Table 1). There is no pattern 
at all for high diversity, while low diversity is prevalent in 
northeast/ east facing sites (IG1, IC2, IV1). The most inter-
esting pattern is the positive trend between early sampling 
date and the northwest and south facing sites. They have 
the highest overall abundance of beetles per. site and per. 
family, and this also happen to be the coastal sites. This may 
also be a result of factors such as the coastal habitat, the 
sampling period etc. As for low diversity and abundance, 
the northeast/ east sites stood out. The northeast/ eastern 
sites may provide a poor habitat for beetles, with e.g., little 
sun exposure and cool temperatures. This may be the rea-
son why there is low abundance and diversity in these sites. 
For future studies it would be interesting to investigate the 
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importance of site position to beetle communities, in com-
parison to time of sampling and the aspect of sites.

I would also like to explore the specific location of OS1 
and OG1. These sites have a unique history in terms of 
management and geography, because of the proximity to 
heathland and being part of the two traditional cultural 
landscape areas in the NBR (Kaland et al., 2018). I would 
also like to dig deeper into the effects of trampling – espe-
cially in cow sites. As for practical adjustments I would use 
high-quality plastic boxes for traps because the ones used 
in this study were fragile and damaged the samples during 
preservation. Also, the data would have been more precise 
with additional sites - leaving the traps out for longer and 
having the same number of sites in fjord and outer fjord ar-
eas. More parameters need to be addressed to make better 
estimates, such as soil composition, inclination, tempera-
ture, precipitation, plant height, nutrients, and latitude.

Since this survey does not have the same number of sites 
from the fjord (six sites) as sites closer to the coast (three 
sites), no explicit conclusions can be drawn. As mentioned 
earlier, it is known that grazing plays both a direct and an 
indirect role in the amount of diversity and abundance of 
beetles. Although, the interpretation is different between 
the two. Some assumptions can be made from comparing 
outer fjord sites to coastal sites, concerning the influence of 
geography, plants, and dung. In general, beetle abundance 
and diversity are connected to the type of grazer - and the 
indirect effects concerning dung, plant bloom, diversity, 
and abundance. The main result from this study is the clear 
connection between the grazer and the beetle communi-
ty. Other important results are the high numbers of rove 
beetles and the difference in abundance between fjord sites 
and coastal sites.

In summary, this study analyses some important pro-
cesses connected to semi-natural grassland. The main 
process examined was the impact of grazers on the total 
abundance of beetles, abundance in main families of bee-
tles and family diversity of beetles. Compared to fjord sites, 
the sites closer to the coast had higher diversity of beetles, 
higher abundance of beetles in general and especially high-
er abundance in the Staphylinidae family.

The amount of grassland is declining worldwide, while 
the demand for food production is increasing (Bengtsson 
et al., 2019). Since the agricultural revolution, the demand 
for high productivity has left only the most productive ar-
eas for grazing animals. This has led to an overgrowth and 
expansion of woods in leftover, abandoned land and a de-
crease in summer dairy farms (Kaland et al., 2018). These 
changes have vast implications for local biodiversity. Dif-
ferent grazing mechanisms made by cows, sheep and goats 
has the capacity to benefit these complex systems (Garrido 

et al., 2019; Zhu et al., 2015). We need to keep making bet-
ter estimates of biological interactions and provide optimal 
management of vulnerable ecosystems and biodiversity.
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