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Abstract
Grassland insects face some of the most severe declines in species diversity and total abundance, in part due to agriculture. 
Livestock grazing is the largest agricultural land use and can have both positive and negative effects on insect communities 
and populations. A global synthesis is needed to guide butterfly conservation and provide recommendations for scientists, 
managers, and other stakeholders seeking to use grazing as a tool for butterfly conservation. Here I review 115 studies that 
evaluate how cattle grazing affects butterfly communities and species. I discuss how various aspects of cattle grazing affect 
butterfly community and species responses. Thirty-five studies concluded cattle grazing has positive effects on butterflies, 
while 20 concluded cattle grazing has negative effects. Thirty-six were inconclusive or found no effect of grazing. Conclu-
sions depended heavily on the management chosen as well as environmental and evolutionary factors. Eighty-five studies 
(74%) were located in Europe, providing a useful framework for the rest of the world, but also creating opportunities for 
further research.
Implications for practice Low to moderate grazing intensity is the most beneficial grazing management strategy for but-
terflies. There is also potential for rotational grazing to provide benefits, but more research is needed. It is important to have 
variation in grazing management and other disturbance types in the landscape (mowing, prescribed fire, etc.) to accommodate 
differing habitat needs of butterfly species. Cattle grazing has potential as a land-sharing opportunity to promote grassland 
butterfly diversity in agroecosystems.
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Introduction

Insect species are in decline worldwide (Hallmann et al. 
2017, Wagner 2020), with grassland insects facing some 
of the most severe declines in species diversity and total 
abundance (Kuussaari et al. 2007; Seibold et al. 2019). 
Scientists attribute this decline to a combination of climate 
change, land use change, habitat loss and degradation, and 
agricultural intensification (Wagner 2020). Agricultural 
land use, particularly livestock grazing, is often considered 
one of the largest threats to grassland habitats (e.g. Noss 
1994; Cross 2020). Livestock and feed for livestock occupy 
approximately 30% of habitable land worldwide (UN Food 
and Agriculture Administration, 2012).

Studies indicate both positive and negative effects of 
livestock grazing on ecosystems. Grazing influences grass-
land systems through herbivory, trampling, water pollu-
tion, soil compaction, and erosion (Fleischner 1994). This 
causes reduced plant and animal diversity, local extirpa-
tion of sensitive species, invasion of nonnative species, 
vegetation community compositional shifts, and vegeta-
tion structure alteration (Fleischner 1994; Manley et al. 
1997). Conversely, many studies indicate that grazing can 
be used to restore or maintain native grassland communi-
ties and species (Kruess and Tscharntke 2002a, b; Pöyry 
et al. 2004; Wang et al. 2007; Zakkak et al. 2014; Delaney 
et al. 2016). Most grasslands need disturbance to maintain 
ecosystem structure and function or they will succeed to 
shrubland or forest. Many grasslands were grazed histori-
cally by megafaunal herbivores (Galetti et al. 2018); there-
fore, livestock may fill the niche when large herbivores are 
extirpated or extinct (Hall and Bunce 2019). Livestock 
can prevent woody plant encroachment through tram-
pling and foraging (Balmer and Erhardt 2000). As most 
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domestic large herbivores preferentially consume grass, 
they can reduce competition from native and nonnative 
grasses, maintain lower vegetation heights, and increase 
the proportion of forbs, benefitting many grassland insects 
(Wallis De Vries et al. 2007; Skaer et al. 2013; Shapira 
et al. 2020).

Grazing effects on insects in grassland ecosystems 
create a unique opportunity to examine land-sharing 
approaches to agriculture. First formally proposed by 
Green et al. (2005), land-sharing, also known as wildlife-
friendly farming, is low-intensity agriculture that may 
include strategies such as the retention of patches of natu-
ral habitat or semi-natural habitats within farmland. Land-
sharing often necessitates payments to farmers for reduc-
ing production to maintain natural or semi-natural habitat 
on farms or rangeland. Livestock grazing can incorporate 
land-sharing since it does not necessarily require destruc-
tion of the original grassland ecosystem (Barry and Hunt-
singer 2021). This does not hold true if forest or other eco-
systems are destroyed to accommodate livestock (McIntyre 
and Hobbs 1999).

Understanding how specific insect taxa respond to graz-
ing may help managers better account for conservation needs 
of insects in agricultural land. Lepidopterans, mainly but-
terflies, are well-studied compared to most other orders of 
insects, are good indicators of ecosystem health due to their 
unique habitat requirements and are relatively easy to survey 
as adults (Kerr 2000).

Livestock grazing is a contentious issue within the con-
servation community, with many activists, politicians, and 
some scientists decrying its potential negative effects (e.g. 
Fleischner 1994; Cross 2020). Conversely, conservation 
managers increasingly seek to use grazing as a tool for con-
servation, while farmers are increasingly under pressure to 
provide conservation benefits and ecosystem services with 
their grazing operations. While there have been previous 
literature reviews on the effects of cattle grazing on insects 
(e.g. Swengel 2001; van Klink et al. 2015, Bubová et al. 
2015), all included relatively few studies focused on butter-
flies or grazing specifically, were limited in their geographic 
and ecological scope, or did not include a detailed evalua-
tion of the effects of different types of grazing management 
on butterflies. A global synthesis of butterflies and grazing 
management strategies is necessary to guide next steps for 
conservation of at-risk species and communities and provide 
insight for scientists, conservation managers, producers, and 
policy makers seeking to use grazing as a tool for butterfly 
conservation. This review seeks to fill this gap and to evalu-
ate the current knowledge of how different grazing practices 
affect butterfly communities and species, understand how to 
use grazing as a land-sharing approach to conserving but-
terflies in agricultural land, and make recommendations for 
next steps for research and conservation.

Methods

Following the methods of Pullin and Stewart (2006), I 
conducted a systematic search of the literature using Web 
of Science with all combinations of search terms related to 
butterflies (“butterfl*,” “lepidopter*,” “insect*,” “arthro-
pod*,” or “invertebrate*”) paired with search terms related 
to grazing (“graz*,” “cattle,” “cow*,” or “livestock”). 
While some search combinations resulted in studies 
broader in scope (e.g. “insect*” and “graz*”), I limited 
the studies in this review to those specifically related in 
some aspect to butterflies and cattle grazing in grasslands. 
I focused on cattle because the majority of the available 
literature evaluates cattle grazing rather than other types 
of domestic livestock. I excluded studies related solely 
to grazing by other herbivores (e.g. sheep or bison) but 
included studies that compared cattle grazing to grazing 
by other herbivores. Similarly, I excluded studies related 
solely to non-butterfly taxa, but included studies that eval-
uated butterfly responses to grazing in addition to other 
taxa.

For each study, I recorded general study characteristics, 
including the year(s) data were gathered for the study and 
the type of study (experimental, observational, or mod-
eling), and study location. I recorded what type of data 
were collected for butterflies (species richness, abundance, 
diversity, species composition, presence/absence, species 
traits, occurrence or occupancy, movement/behavior, vital 
rates (rates of survival and fecundity), larval/egg abun-
dance) and whether butterfly communities or specific spe-
cies or families were studied. I also recorded what type of 
data were collected for grazing (intensity, grazing system, 
type of grazer, grazing as a type of disturbance, simple 
presence, or livestock productivity/socioeconomics). I 
classified the conclusions of the study related to grazing 
management or intensity (where appropriate), conclusions 
related to overall effect of grazing (where appropriate), 
and purpose of grazing (for profit, restoration/conserva-
tion, or both). See Supplementary Information Table 1 for 
individual study citations, information, and classifications.

Grazing intensity is usually defined as the number of 
livestock units (LU) per hectare, though other units were 
reported as well (Supplementary Information Table 2). 
Some studies used different though related terms for graz-
ing intensity, including stocking rate, grazing pressure, or 
grazing density. Extensive and intensive grazing were fre-
quently used to describe grazing intensity as well. Exten-
sive grazing referred to low intensity, free range grazing 
over large tracts of land and intensive grazing referred 
to high intensity grazing in smaller pastures. Rotational 
grazing is a grazing system in which livestock are moved 
between pastures or paddocks to allow for periods of rest 
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for the plant community (Blanchet et al. 2000). Continuous 
grazing is a system in which livestock have unrestricted 
access to the full pasture throughout the season (Blanchet 
et al. 2000).

Where possible based on the study design, I classified 
the overall combined effect of grazing on the target butter-
fly response(s) as “positive,” “negative,” “inconclusive,” or 
“no effect” (Supplementary Information Table 1). I made 
this classification if the study compared butterfly responses 
under grazing management to butterfly responses under 
no grazing management, though the ungrazed grassland 
could be managed in other ways (e.g. fire, mowing, etc.). 
I recorded the quantitative results of the target butterfly 
response types (species richness, total abundance, movement 
rates, etc.) under grazing and no grazing. Then I compared 
the results across response types and weighted them by the 
authors’ interpretation of their results and conclusions and 
by their interpretation of the most important response types. 
For studies focused on butterfly communities, sensitive or 
specialist species received greater weight than common spe-
cies. Some studies were very clear in their conclusions, but 
some had to be inferred. I classified the overall effect as 
“positive” if most of the target butterfly responses were ben-
efitted by grazing as compared to no grazing. I classified the 
overall effect as “inconclusive” if the target responses were 
split evenly between positive and negative effects and “nega-
tive” if most of the target butterfly responses were adversely 
impacted by grazing in comparison to no grazing. I classified 
the overall effect as “no effect” if grazing did not influence 
the target butterfly responses. See Supplementary Informa-
tion Table 1 for the complete butterfly response results and 
overall effect classifications and justifications.

I classified the purpose of grazing as “for profit” if the 
goal of the grazing in the study was mainly to make a 
livelihood for the rancher or farmer and involved actively 
grazed lands. Here I do not refer to large-scale industrial 
farms, feedlots, or Concentrated Animal Feeding Opera-
tions (CAFOs) as there were none in any of the studies in 
this review. I classified the grazing purpose as “restoration/
conservation” if the main goal was to restore or maintain 
the plant communities or to create habitat for butterflies. I 
classified the purpose as “both” if the study made mention 
of both goals, even if one or the other was not actively ana-
lyzed. If the goal of the grazing was unclear based on the 
explanation in the study, I classified the goal as “unclear” 
(Supplementary Information Table 1).

Results

The selected search terms returned 115 relevant studies. I 
included only primary research with two exceptions. The 
primary research studies included experimental (n = 32), 

observational (n = 73) and modeling (n = 8) studies. I 
included two reviews or summaries of long-term research 
programs (Thomas et al. 2009; Woodcock et al. 2012), as 
these studies provide an efficient synthesis of long-term 
programs. On average, the studies were conducted for 
3–4 years, although they ranged from a single season to 
37 years of data.

Butterfly responses

The review resulted in 53 studies focused on single butterfly 
species responses to grazing and 62 focused on butterfly 
community responses to grazing (Fig. 1).

Within the studies focused on single species responses, 
butterfly abundance or density (n = 28) and occupancy 
(n = 28) were the most common response variables meas-
ured. The standard Pollard Walk method (Pollard 1977) was 
the most common method of data collection (n = 19). Five 
studies evaluated movement, dispersal, and/or behavior and 
seven collected demographic or vital rate data (Fig. 1).

Within the studies focused on butterfly community 
responses to grazing, most studies included some combi-
nation of measures of species richness (n = 56), abundance 
or density (n = 47), diversity (n = 15), or community com-
position (n = 27) (Fig. 1). Studies focused on community 
responses tended to be less varied in the types of butterfly 
responses measured than studies focused on single species 
responses (Fig. 1). The standard Pollard walk (Pollard 1977) 
was the most common (n = 46) method of obtaining butterfly 
community data.

Grazing influence on butterflies

There were many different grazing attributes measured 
including grazing intensity, grazing system, and type of 
grazer (Fig. 1). Grazing was also considered as a tool for 
conservation management and type of disturbance or one 
of many variables influencing “Habitat quality” (Fig. 1). 
Most studies collected data on more than one attribute. The 
type of grazing management and the framing of the question 
played strong roles in the outcome, or overall effect of the 
grazing on butterfly responses.

Overall effect of grazing

The overall effect of grazing was largely positive (Fig. 2a), 
though there were differences between overall effects on 
communities and overall effects on species (Fig. 2b). Out of 
the 91 studies in which I was able to make this determina-
tion, 35 were positive, 20 were negative, 18 were inconclu-
sive, and 18 found no effect of grazing (Fig. 2a).

Butterfly community responses were spread nearly evenly 
between positive, inconclusive, negative, and no effect 
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Fig. 1  Number of studies examining butterfly response types for both communities and species by grazing attribute type within the published 
literature. Many studies examined more than one grazing attribute and more than one butterfly response type
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(Fig. 2b). Single species responses were more likely to be 
positive and are likely driving the overall effect of grazing 
towards positive effects (Fig. 2a, b).

Grazing effectiveness relative to other management 
actions

Forty-eight studies tested grazing as a tool for conserva-
tion management (hereafter disturbance type to distinguish 
between other types of grazing management). These stud-
ies compared grazing to other types of conservation strate-
gies that promote disturbance to maintain the grassland or 
against ungrazed or abandoned pastures. Mowing for hay 
was the most common disturbance type that was compared 
to grazing, followed by fire and abandoned or ungrazed 
land (Table 1). Many studies compared more than one type 
of management to grazing.

The 15 studies comparing the effects of grazing and 
mowing on butterfly communities tended to have incon-
clusive or no effect (Fig. 3). The 11 studies comparing the 
effects of grazing and mowing on single butterfly species 
found mostly inconclusive or positive effects. No single 
species studies found negative effects of mowing (Fig. 3).

The six studies comparing the effects of grazing and 
fire on butterfly communities observed inconclusive effects 
(Fig. 3). The five studies evaluating single butterfly species 
were split nearly evenly between the categories (Fig. 3).

Grazing intensity

Thirty-one studies compared different grazing intensities. 
There were a variety of metrics used to measure graz-
ing intensity and some used more than one. Fifteen stud-
ies reported grazing intensity directly, while the other 14 
used other metrics such as vegetation height as a proxy for 
grazing intensity. Sixteen studies compared a gradient of 
grazing intensities, eight compared two levels of grazing 
intensity and six compared three.

a

b

Fig. 2  a The number of studies that found the overall effects of graz-
ing to be negative, inconclusive, positive, or no effect (n = 91). b The 
number of studies reporting overall effects of grazing separated by 
butterfly communities (n = 43) and single species (n = 48)

Table 1  The number of studies comparing other disturbance types to 
cattle grazing

Many compared multiple types of disturbance, so the “number of 
studies” column sums to greater than the number of studies compar-
ing disturbance types. Ungrazed/abandoned refers to a lack of graz-
ing represented in the study as “ungrazed” without other management 
mentioned. Abandoned refers specifically to pastures that were for-
merly grazed but are now fallow. The “percentage” column was cal-
culated based on the number of studies comparing disturbance types 
(n = 48)

Disturbance type Number of studies Percentage

Mowing 27 56.3
Fire 12 25.00
Ungrazed/abandoned 19 39.58
Cropping 4 8.33
Other 11 22.92

Fig. 3  The number of studies reporting overall effects of grazing in 
comparison to mowing by target butterfly response (n = 26) and the 
number of studies reporting overall effects of grazing in comparison 
to fire by target butterfly response (n = 11)
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Most studies recommended low grazing intensity as 
most beneficial to butterfly communities and species 
(n = 13; Table 2). The exact definition of “low,” “inter-
mediate,” or “high” intensity varied depending on the 
study and the associated grassland ecotype (Supplemen-
tary Information Table  2). Two studies recommended 
high grazing intensity, but both recommended that the 
high intensity be late in the season or only happen every 
two–three years.

Grazing system

Out of 115 studies in this review, seven studies compared 
different grazing systems. Five of these compared rotational 
grazing to continuous grazing. Out of the five studies that 
compared rotational and continuous grazing, three found 
positive effects of rotational grazing in comparison to con-
tinuous grazing on butterfly communities, and one found 
no effect. There was only one study that observed a positive 
effect of continuous grazing instead of rotational grazing, 
specifically on the host plant of the target butterfly species. 
The other two studies that compared grazing systems com-
pared pastures registered under European Agri-Environment 
Schemes (AES; see Discussion) to non-AES pastures and 
reported beneficial effects of AES programs.

Type of grazer

Twelve studies compared types of grazers, whether com-
paring breeds or types of cattle (n = 3), types of domestic 
livestock (e.g. cattle to sheep or horses, n = 7), or domestic 
cattle against wild grazers (n = 3). No studies found an effect 
of cattle breed on butterfly communities or species, though 
one found an effect of cattle type (lactating dairy cows vs 
non-lactating heifers). Two studies found sheep to be more 
detrimental to butterflies than cattle, one found cattle to be 
more detrimental than mixed sheep/horse grazing, and two 
found no effect of livestock type. Two studies observed posi-
tive effects of mixed sheep and cattle grazing systems on 

butterfly species richness. Two of the three studies compar-
ing wild grazers to cattle found wild grazers to be more ben-
eficial for butterflies, though cattle were still more beneficial 
than no grazing.

Habitat quality

Thirty-six studies framed grazing as one of many factors 
affecting habitat quality, which was then used to understand 
butterfly species distribution, occupancy, or habitat preference 
(for studies focused on single butterfly species responses) or 
community composition (for studies focused on butterfly com-
munity responses).

Other study characteristics

Livestock productivity and socioeconomics

Very few studies considered livestock productivity or the 
socioeconomic side of conserving butterflies on farms or on 
grazing land. Six studies measured livestock productivity or 
animal performance under different grazing systems or intensi-
ties. Two studies measured the effect of the grazing treatment 
on nutrition value for livestock. One study compared the eco-
nomic cost of implementing certain management types.

Location

Out of the 115 studies, 85 were located in Europe and 22 were 
located in North America (Fig. 4). Other global regions cov-
ered included Africa (n = 6) and Asia (n = 2). No studies were 
in Central America, South America, or Southeast Asia/South 
Pacific, including Australia (Fig. 4).

Of the European studies, western (n = 53) and northern 
(n = 18) Europe were most well-studied. Comparatively few 
studies were in Mediterranean grasslands, such as Spain (n = 2) 
or Greece (n = 3).

North America, in contrast to Europe, had less extensive 
literature that covered fewer years. Most North American stud-
ies took place in current or former prairies of the Midwest 
(n = 13). There was only one study located in Canada and two 
in Mexico.

There were six studies located in Africa, spread throughout 
the continent, including South Africa (n = 2) and Burkina Faso 
(n = 2). There were two studies located in Asia.

Purpose of grazing

There were a total of 38 studies in which I classified the pur-
pose of grazing as “for profit,” 18 studies in which the purpose 
of grazing was “restoration/conservation,” and 48 in which 
the purpose of grazing was classified as “both.” There were 
11 studies whose grazing purpose was unclear. There were 

Table 2  The number of studies that recommended each grazing inten-
sity level

Most beneficial grazing intensity Number 
of studies

Zero intensity (no grazing at all) 0
No-low intensity 4
Low intensity 13
Low-intermediate intensity 3
Moderate intensity 4
High intensity 2
No effect 2
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strong locational differences in the purpose of grazing within 
the literature (Fig. 4; Table 3). Europe had the greatest focus 
on satisfying both economic and conservation goals.

Discussion

When cattle grazing is used to support single butterfly 
species conservation, the effects are often positive, while 
the effects of grazing on butterfly communities are con-
text-dependent. Grazing can be used as a tool for conser-
vation and a source of disturbance within the grassland 

ecosystem; grazing is often contrasted with mowing and 
prescribed fire. Grazing intensity, grazing system, type of 
grazer, land use history, and the purpose or goal of the 
management all contribute to differences in the effect of 
grazing on butterflies. While the effect of grazing is well-
documented in Europe, studies are limited in other parts 
of the world, even in regions where cattle grazing is a pri-
mary land use (e.g. western North America). In addition, 
European and African studies were more likely to employ 
land-sharing approaches to grazing than other locations.

Overall effect of grazing

In both single species- and community-focused studies, graz-
ing was more likely have positive effects on butterflies when 
it included low-moderate intensity or extensive grazing (e.g. 
Elligsen et al. 1997; De Groot et al. 2009; van Klink et al. 
2016; Johansson et al. 2017). High-intensity or for-profit 
grazing was more likely to result in negative effects, espe-
cially when compared to conservation-focused disturbance 
types (e.g. prescribed fire) (Swengel 1998; Cole et al. 2015; 
Kormann et al. 2019). Additionally, grazing in mesic grass-
lands was more likely to have positive effects than grazing 
in dry grasslands (e.g. Hoyle and James 2005; Akite 2008; 
Johansson et al. 2017). The outcome of grazing on butterfly 
communities varied depending on how the authors weighted 

Fig. 4  A map showing study locations worldwide and the associated 
purpose of grazing. Each dot represents one study. For studies which 
took place in multiple locations, states, or countries, one location was 

randomly chosen to represent the study in this map. The color and 
shape of the dot represents the purpose of grazing in the study

Table 3  The number of studies in each category of purpose of graz-
ing separated by continents

Purpose of Grazing Continent Total

Africa Asia Europe North 
America

For profit 5 2 25 8 40
Restoration 0 0 8 9 17
Both 2 0 42 5 49
Unclear 0 0 9 1 10
Total 7 2 84 23
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coarse community metrics (richness, abundance, etc.) over 
community composition or sensitive species responses in 
their conclusions.

Grazing effectiveness relative to other management 
actions

Relative to mowing, grazing had inconclusive effects on 
butterfly communities and generally positive effects on sin-
gle species (Fig. 3). Cattle grazing can benefit butterflies in 
comparison to mowing because grazing creates more fine-
scale structural heterogeneity and warmer microclimates 
throughout the season (WallisDeVries and Raemakers 2001; 
D’Aniello et al. 2011; Pérez-Sánchez et al. 2020). Mowing 
has detrimental effects on immobile butterfly larvae if the cut 
is too early in the growing season or there are too many in a 
season (Konvicka et al. 2008). Interestingly, mowing com-
bined with late season grazing could control competitively 
dominant grasses and create higher structural heterogeneity, 
thus increasing butterfly diversity (Mazalová et al. 2015). 
However, grazing cattle may reduce nectar flower abundance 
more than mowing (Saarinen and Jantunen 2005).

There is little consensus in the literature on the effects of 
grazing relative to prescribed fire on butterflies (Fig. 3). A 
combination of grazing and fire (pyric herbivory; Fuhlendorf 
and Engle 2001) caused butterfly and plant communities to 
increase in similarity to their reference site more than graz-
ing or fire alone (Delaney et al. 2016). Community response 
metrics such as richness, abundance, and diversity showed 
variable responses to grazing and fire treatments (Vogel 
et al. 2007). In contrast, Debinski et al. (2011) concluded 
land use history was more important to butterfly diversity 
than the current grazing and fire management (see Land Use 
History below). Sensitive prairie specialists such as Speyeria 
idalia may be more abundant in low intensity grazing than 
fire treatments if litter cover is maintained (Vogel et al. 2007; 
Caven et al. 2017).

Grazing intensity

Low grazing intensity is the most beneficial for butterfly 
species and community metrics. Low to moderate intensity 
creates greater spatial and structural heterogeneity in the 
plant community on a fine scale, which increases the number 
of niches available, in turn increasing butterfly richness and 
diversity (Pöyry et al. 2004, 2006; Wallis De Vries et al. 
2007; WallisDeVries et al. 2016). High grazing intensity 
increases the risk of negative grazing effects such as disrup-
tion of trophic interactions between larvae and their host 
plants (Kruess and Tscharntke 2002b), invasion of nonnative 
plant species, vegetation community compositional shifts, 
and vegetation structure alteration (Fleischner 1994; Manley 

et al. 1997). The absolute measurement of grazing intensity 
associated with “low,” “intermediate,” or “high” intensity 
varied by system and the study’s definition of grazing inten-
sity level, potentially confounding direct intensity compari-
sons (Supplementary Information Table 2).

Comparatively higher levels of grazing intensity tend to 
favor thermophilic and early successional butterfly species 
due to the reduction in vegetation height within the plant 
community (WallisDeVries et al. 2016). In many semi-nat-
ural grassland systems, the loss of grazing or reduction in 
intensity has caused the decline of thermophilic butterfly 
species (e.g. Thomas et al. 2009).

Environmental moisture and evolutionary grazing history 
affect plant diversity relationships with grazing intensity 
(Milchunas et al. 1988); it is possible that similar relation-
ships affect butterfly diversity responses to grazing inten-
sity. Six studies detected decreasing butterfly diversity with 
increasing grazing intensity; four of these were associated 
with wet or dry grasslands. In contrast, four studies observed 
the highest diversity at intermediate levels of grazing inten-
sity (i.e. a unimodal relationship). All four studies observing 
a unimodal relationship were associated with mesic grass-
lands (Pöyry et al. 2004, 2006; Dumont et al. 2009; Jerren-
trup et al. 2014). Pöyry et al. (2006) attributed this relation-
ship to the intermediate disturbance hypothesis (IDH; Grime 
1973; Connell 1978).

Grazing systems

Rotational grazing, though often recommended as a strategy 
to promote butterfly diversity through increasing structural 
heterogeneity (e.g. Balmer and Erhardt 2000; Pöyry et al. 
2004; WallisDeVries et al. 2016), is not well-studied within 
the literature. Of the five studies that compared rotational 
and continuous grazing, three concluded that rotational graz-
ing is more beneficial for butterflies (Farruggia et al. 2012; 
Kruse et al. 2016; Ravetto Enri et al. 2017), suggesting that 
rotational grazing may benefit butterflies over continuous 
grazing, but this cannot be concluded with the limited infor-
mation available. This relationship is further complicated 
by grazing intensity differences within and between studies. 
Farruggia et al. (2012) observed rotationally grazed plots to 
have higher total butterfly abundance and richness, as well as 
higher vegetation heights and flower cover at the high stock-
ing rate (1.6 LU/ha), but little difference between rotational 
grazing and continuous grazing at the lenient stocking rate 
(1.15 LU/ha). Furthermore, other studies which observed 
either no effect of grazing system (Bendel et al. 2018), 
marginal effects of grazing system (Kruse et al. 2016), or 
a positive effect of continuous grazing over rotational graz-
ing (Goodenough and Sharp 2016) were operating at much 
lower grazing intensities (approximately 0.5 LU/ha–0.75 
LU/ha). Unfortunately, Goodenough and Sharp (2016) did 
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not include a direct analysis of the focal butterfly and only 
included the response of the host plant (see Gaps and con-
cerns for further discussion).

Type of grazer

The type of grazer may influence grazing outcomes due 
to behavioral differences and nutritional needs of the her-
bivores. Sheep, as forb feeders, may reduce plant species 
richness and therefore reduce butterfly species richness 
(Öckinger et al. 2006). In contrast, sheep grazing combined 
with cattle grazing can improve livestock productivity and 
promote higher butterfly abundance and diversity than sheep 
alone since cattle are less selective grass grazers and thus 
reduce invasive, competitively dominant grasses (Fraser 
et al. 2014).

In African grasslands, native wild grazers promoted a 
higher diversity of butterflies than domestic livestock, but 
domestic livestock promoted more butterfly diversity than 
no grazing at all (Pryke et al. 2016). The differences between 
cattle and wild herbivore nutritional needs can also ben-
efit butterfly species; cattle grazing was more beneficial to 
butterflies in the Colotis genus than wild herbivore grazing 
since cattle maintained the grassland but did not consume 
Colotis’ host plant Cadaba farinosa (Wilkerson et al. 2013).

Natural and land use history

Grazing outcomes on butterfly species are mediated by 
natural history and land use (management) history. Many 
grasslands evolved in concert with megafaunal ungulate 
herbivores, many of which were extirpated or reduced in 
the late-Pleistocene, early Holocene, and in some cases by 
recent settler-colonial human activity (Johnson 2009; Gal-
etti et al. 2018; Barnard 2020). Grazer removal from grass-
land ecosystems caused massive cascading effects (Johnson 
2009). Cattle may serve to fill the ungulate herbivore niche 
in disturbance-dependent grasslands when wild herbivores 
have been extirpated (Hall and Bunce 2019; Konvička et al. 
2021), as seen in European semi-natural grasslands (see 
Regional trends below).

Land use history strongly affects butterfly community 
response to grazing. This history refers to history of man-
agement within a site or the grazing intensity history. Land 
use legacies may be more influential predictors of butterfly 
community diversity and abundance in prairie restorations 
than current grazing management (Debinski et al. 2011; 
Moranz et al. 2012).

In semi-natural grasslands of Europe and Asia, main-
taining the traditional land use and grazing intensity main-
tains community diversity and benefits species adapted to 
those conditions (Murata and Matsuura 2013; Schwarz and 

Fartmann 2021). Introducing grazing to a site that was his-
torically mowed, or removing grazing or mowing from a 
landscape where they were previously present will drasti-
cally reduce butterfly community diversity and extirpate 
species (Nilsson et al. 2008, Mazalová et al. 2015). Murata 
and Matsuura (2013) observed more Shijimiaeoides divinus 
asonis larvae and their obligate host ants at the “customary” 
grazing intensity that had been used by Japanese farmers for 
thousands of years. A reduction or loss of grazing resulted 
in reduced populations of both.

Regional trends

The literature on grazing and butterfly species and communi-
ties was most extensive in Europe in part because historical 
amateur naturalists’ observations are accessible to research-
ers. For example, Nilsson et al. (2008) compared butterfly 
censuses from 1904 to 1913 to their own surveys conducted 
in 2001–2005 to show the impact that pasture abandonment 
had on butterfly populations in Sweden. Dolek and Geyer 
(1997) reported grazing records for their sites existing since 
the fifteenth century. Similar data are lacking in other parts 
of the world.

Europe’s history of free range low intensity livestock and 
megafaunal herbivore grazing created a shifting mosaic of 
semi-natural grasslands regulated by grazing that varied 
greatly in space and time (Balmer and Erhardt 2000; Nils-
son et al. 2008; WallisDeVries et al. 2016). Since the 1950s, 
agricultural intensification has caused the abandonment and 
subsequent succession of many former pastures, which has 
in turn caused the decline of many plant and animal species 
endemic to semi-natural grasslands (Pöyry et al. 2004; Wal-
lis De Vries et al. 2007). Agri-environment schemes were 
created by the European Union (Science for Environment 
Policy 2017) to combat habitat loss caused by agricultural 
intensification.

While no European studies in this review explicitly ref-
erenced land-sharing approaches to managing grazing for 
butterfly diversity, AES programs are inherently a land-shar-
ing approach as they attempt to accommodate conservation 
needs within actively grazed lands and compensate farmers 
for potential lost productivity (Science for Environment Pol-
icy 2017). AES pastures are generally beneficial for butterfly 
richness and abundance over non-AES pastures (Brereton 
et al. 2008; MacDonald et al. 2012). However, many studies 
cautioned that even when overall diversity is benefitted by 
AES programs, no one grazing system, grazing intensity, 
disturbance type, or other management prescription benefit-
ted all butterfly species and called for more heterogeneity 
in management on local, regional, and landscape scales to 
accommodate the differing habitat needs of multiple species 
(e.g. Pöyry et al. 2006, 2009; Sjödin et al. 2008; Fiedler 
et al. 2017).
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North America, in contrast to Europe, had less exten-
sive literature. There was a heavy emphasis on contrasting 
responses of butterfly communities and species to prescribed 
fire and grazing (see Grazing effectiveness relative to other 
management actions above). Only three North American 
studies (Delaney et al. 2016; Caven et al. 2017; Bendel et al. 
2018) compared butterfly responses to grazing at different 
intensity levels and all three were more focused on contrast-
ing grazing and fire management strategies, restoration sta-
tus, or grazing system respectively than grazing intensity. 
Within the scope of the limited data, studies suggest similar 
responses by North American butterflies to European butter-
flies. Low to moderate grazing intensity may help maintain 
the ecosystem and control invasive grasses while minimizing 
the negative potential effects on butterfly diversity (Delaney 
et al. 2016).

North American literature did not emphasize land-sharing 
approaches to agriculture through the satisfaction of both 
economic and conservation goals. The United States does 
have programs similar to European AES that offer various 
types of conservation grazing easements to compensate pro-
ducers for engaging in conservation activities (USDA Natu-
ral Resources Conservation Service 2021). However, there 
is little focus in the literature on evaluating the potential 
benefits of conservation grazing easements for butterflies.

Similar to European and North American literature, live-
stock grazing in Africa can benefit butterflies by maintain-
ing the ecosystem, especially in the absence of wild herbi-
vores. However, there was a large risk of overgrazing in arid 
or semi-arid ecosystems (e.g. Gardiner et al. 2005). Akite 
(2008) and Hoyle and James (2005) observed increasing 
grazing intensity to have detrimental effects on butterfly spe-
cies richness and the persistence of Pseudophilotes sinaicus 
respectively.

Two studies within the African literature evaluated the 
ability of land-sharing approaches called ecological net-
works (ENs) to conserve butterfly diversity (Pryke et al. 
2016; Joubert-van der Merwe et al. 2019). ENs are a series 
of interconnected reserves and conservation corridors allow-
ing movement in landscapes fragmented by human activity 
(Samways and Pryke 2016). Both Pryke et al. (2016) and 
Joubert-van der Merwe et al. (2019) found ENs to benefit 
butterfly communities, though Joubert-van der Merwe et al. 
(2019) emphasized the need to manage ENs with moderate 
patch-burn grazing to promote spatial and temporal hetero-
geneity on multiple scales.

Butterflies of semi-natural grasslands in Asia had similar 
responses to other parts of the world. Both Asian studies 
found that their target butterflies, Euphydryas aurinia and 
Melitaea phoebe (Wang et al. 2007) and S.d. asonis, (Murata 
and Matsuura 2013) were benefitted in occupancy and abun-
dance by moderate grazing. Wang et al. (2007) hypothesized 
that moderate grazing produces more open space than low 

intensity grazing, but maintains a higher vegetation height, 
structural diversity, and food plant density than high inten-
sity grazing.

Purpose of grazing

In the European and African literature, there is much more 
of an emphasis on satisfying both economic and conserva-
tion goals (Fig. 4; Table 3). It is likely that the larger per-
centage of studies classified as “both” in Europe is due to the 
AES program discussed above and the focus on evaluating 
the management prescriptions laid out by the program. In 
contrast, there is much less focus within the North American 
literature on satisfying both goals with livestock grazing. 
The literature on cattle grazing effects on butterflies in North 
America, specifically the United States, should incorporate a 
land-sharing framework into butterfly conservation research 
and management on grazed land.

Gaps and concerns

There are some gaps in the types of questions the litera-
ture asks about butterfly responses to grazing. For studies 
evaluating single species responses to grazing, very few 
collected movement or demographic data to analyze spe-
cies responses in detail. Most (n = 47; Fig. 1) studies simply 
compared species abundance or occupancy under different 
disturbance types, grazing systems, intensities, or other graz-
ing attributes. These studies make the implicit assumption 
that higher occupancy or abundance indicates higher habitat 
preference and therefore habitat quality. This is problem-
atic because abundance, habitat preference, and habitat 
quality are not always linked (Van Horne 1983; Bock and 
Jones 2004). Studies comparing vital rate or demographic 
data obtain a more accurate measure of the habitat quality 
and associated management (Mouquet et al. 2005; Thomas 
et al. 2009, Schultz et al. 2019). Studies using movement 
and behavior data obtain a more detailed understanding of 
butterfly habitat preference from the perspective of the focal 
species (Ouin et al. 2004, Schtickzelle et al. 2007, Schultz 
et al. 2019, Ehl et al. 2019).

For studies evaluating butterfly community responses, 
there was a tendency to report coarse measures such as 
species richness or diversity without including community 
composition analysis or other details of individual species 
responses. Only 27 studies analyzed community composi-
tion, though all also reported some combination of meas-
ures of species richness, abundance, and diversity. Richness, 
abundance, and diversity measures without community 
composition analysis obscure individual species responses 
and make interpretation of the results more difficult. Indi-
vidual species may be negatively affected by a management 
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decision or habitat characteristic even when overall species 
richness, abundance, or diversity is high (e.g. Pöyry et al. 
2005).

The range of grazing practices evaluated does not encap-
sulate the range of grazing practices in use. Only five studies 
compared the effects of rotational and continuous grazing on 
butterfly species or communities, though rotational grazing 
was frequently recommended as a source of heterogeneity in 
the system by other studies who did not analyze grazing sys-
tems. Thus, more research would reveal if rotational grazing 
is indeed beneficial for butterflies and clarify the potential 
interaction between grazing system and grazing intensity 
indicated by Farruggia et al. (2012), as well as clarify how 
often cattle should be rotated.

In addition, few studies evaluated multiple levels of 
grazing intensities directly. Direct measurements of graz-
ing intensity will clarify the potential relationship between 
grassland type and grazing intensity effects on butterfly 
species diversity and better provide management recom-
mendations for grazing intensities. Furthermore, though the 
absolute grazing intensities that maximize butterfly diver-
sity are well-studied in European grasslands, there is little 
understanding of the effects of grazing intensity on other 
grasslands throughout the world, hindering conservation and 
management decision- and policy-making.

A major gap in the literature is a lack of quantitative 
measurements of the effects of habitat heterogeneity in man-
agement and disturbance on butterflies. It is expected that 
greater amounts of in-patch and large scale heterogeneity 
will increase resources and thus habitat quality for butterflies 
(Dennis et al. 2006). Only two studies in this review explic-
itly quantified the effects of heterogeneity in management on 
multiple scales (Söderström et al. 2001; Sjödin et al. 2008), 
yet many studies recommended variation in management 
on fine, local, regional, and landscape scales (e.g. Eichel 
and Fartmann 2008; Fiedler et al. 2017; Bonari et al. 2017). 
No one disturbance type, grazing intensity level, or type of 
grazer benefitted all butterfly species in any study. In a frag-
mented landscape, butterflies may be able to fulfill multiple 
needs in different habitats (e.g. resting in grazed habitat, 
nectaring in road lanes, etc.) (Ouin et al. 2004).

Farmers and ranchers make their livelihoods through their 
grazing operations and are increasingly expected to provide 
conservation benefits while doing so. Only nine out of 115 
studies in this review included any evaluation of the effects 
of the recommended grazing strategy on animal perfor-
mance, farmer costs, or sociological perceptions on the part 
of the farming community. It would be beneficial to under-
stand the effect of recommended butterfly-friendly grazing 
strategies on farmers’ livelihoods and how to encourage 
adoption of potentially unpopular options such as low graz-
ing intensity or labor intensive strategies such as rotational 
grazing.

There were common issues in study design or reporting 
across the reviewed literature. First, grazing intensity, sys-
tem, and/or timing was often not reported, which would pro-
vide context for the results. Thirty-eight studies compared 
butterfly species or communities on grazed and ungrazed 
land without reporting the grazing intensity or any other 
attribute. This tendency was strong in the studies whose 
focus was on understanding butterfly habitat preferences or 
species distribution, where grazing was one of many vari-
ables within a larger model (Fig. 1, “Habitat quality”).

There were frequent issues with poor study design and 
lack of replication. Replication across sites and years is key 
to producing a better understanding of grazing effects. Two 
studies analyzed only host plant responses to grazing, and 
yet made conclusions regarding the target butterfly. Insects 
do not respond to disturbance in the same way as plant com-
munities (Kruess and Tscharntke 2002a), highlighting the 
importance of using caution when making management 
recommendations for butterfly conservation if the effects of 
grazing on the butterfly species or community itself were 
not examined.

Implications for conservation

Cattle grazing has high potential to advance butterfly conser-
vation in agricultural lands through land-sharing approaches. 
Though more studies observed positive effects of grazing 
on butterfly species than negative, the effects on butterfly 
communities were context-dependent. The effects of cattle 
grazing on butterflies vary greatly depending on individual 
species biology and habitat requirements, whether there is 
an evolutionary history of grazing, the type of grassland 
system, and the grazing system and intensity chosen by 
the farmer or manager. Current research indicates low to 
moderate grazing intensity is most beneficial to butterflies. 
Grazing may be used as a tool for conservation in distur-
bance-dependent systems, though other disturbances such 
as mowing should be maintained in the landscape.

Knowledge of European butterflies and their conserva-
tion needs enables better understanding of how to manage 
grazing as a tool to promote butterfly diversity in the agri-
cultural landscape. Similar knowledge in other parts of the 
world would improve conservation success in agricultural 
lands. In addition, the land-sharing approaches to grazing 
management in Europe and Africa (i.e. AES programs and 
Ecological Networks, respectively) have potential to provide 
habitat for butterflies outside of conservation reserves.

Current understanding of grazing effects on butterflies 
is limited by the use of coarse metrics (i.e. richness, abun-
dance, diversity) without including mechanistic measures 
that are better able to account for butterfly species needs in 
agricultural land (i.e. movement, demography, community 
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composition). Future studies should quantify the effects 
of grazing systems, the most beneficial grazing intensities 
across multiple grassland ecotypes, and the levels of spa-
tial and temporal heterogeneity needed on local, regional, 
and landscape scales to provide habitat for all species of 
butterflies.
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