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中 文 摘 要 ： 同位素棲位現今已被廣泛使用在以棲位為根據之群聚組成動態研究
上。然而，當不同地點的食物資源有同位素值變異量的差異時，消
費者同位素值往往需要進行標準化，方能合理比較群聚間（地點間
）的棲位差異。本研究探討食物資源（陸域植物）與消費者（地棲
小型哺乳動物）間同位素棲位大小的關係。我利用臺灣九個小哺群
聚做為研究系統，檢測小哺在族群與群聚層次上的同位素棲位是否
會隨著植物同位素棲位增加而上升，以及標準化小哺同位素值（將
每個小哺同位素值除以所屬群聚之植物同位素值之全距）是否能有
效消除前述相關性並提供更正確之小哺棲位資訊。研究結果發現
，小哺在族群與群聚層次上的同位素棲位確實會隨著植物同位素棲
位增加而上升，但經過標準化後之小哺同位素值仍與植物同位素棲
位大小具顯著、但反向的關係。因此，我認為目前常採用的此種標
準化方法可能會引入其他偏差（低估消費者棲位大小）。我建議未
來研究應同時分析原始與標準化後之消費者同位素值，以提供更周
全的消費者棲位動態結論。

中文關鍵詞： 食性、覓食、種間競爭、棲位重疊、棲位變異、棲位大小

英 文 摘 要 ： Isotope niche is now commonly used in ecological studies
such as niche-based community assembly dynamics. However,
comparing consumer isotope niche across sites with
different basal resource variation can be problematic
without proper correction. This study investigates the
quantitative relationship between isotope niche size of
basal resources (i.e. plant isotope niche size) and that of
consumers (i.e. small mammal niche size). I used isotope
trophic niche of nine small mammal communities in Taiwan as
the study system to test whether consumer niche size, both
at population and community level, increase with plant
niche size, and whether standardization of consumer values
by the range of plant isotope values could remove the
relationship and improve the accuracy of the comparison
among consumers across sites. While small mammal niche size
increased with plant niche size as expected,
standardization reserved, rather than removed, the
relationships. These results suggest that the
standardization approach typically applied might introduce
a bias of underestimating consumer niche size at sites with
large basal resource variation. Future studies should
perform analyses using both standardized and original
consumer values for a more robust conclusion.

英文關鍵詞： Diet, foraging, interspecific competition, niche overlap,
niche variation, niche volume
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Introduction 

Ecological niche is the sum of environmental conditions and resources that an organism 

requires for survival and reproduction (“Grinnellian niche”, Grinnell 1917). In a 

community, the resource use by different species generates complex biological 

interactions such as predation and competition. Therefore, ecological niche is also viewed 

as the impact an organism has on others, particularly with respect to resource use 

(“Eltonian niche”, Elton 1927). From the “Eltonian” view, niche partitioning has been 

shown to play a pivotal role in community dynamics (e.g. MacArthur & Levins 1967, 

Schoener 1974, Leibold 1995, McKane et al. 2002, Silvertown 2004, Finke & Snyder 

2008). Specifically, niche position and niche size of different species in a community are 

used to quantify degree of niche partitioning among species as well as overall packing of 

available niche space. While in a single-community study, relative position and size of 

nice might be sufficient for making inferences, a study that compares multiple 

communities would require explicit consideration of the amount of variation in available 

niche space across sites.  

The food an organism consumes represents an important component of the 

resources it requires to survive as well as the impacts it has on other organisms. 

Furthermore, foraging involves a broad range of morphological, physiological and 

behavioral adaptions (e.g. Dumont et al. 2011). Hence trophic niche (diet niche) is one of 

the most well-studied niche axes (e.g. Behmer & Joern 2008, Gibb et al. 2013, Hsu et al. 

2014). Food resource partitioning exists in a wide range of biological communities 

(Grossman 1986, Van Snik et al. 1997, Levesque et al. 2003). In some cases, the degree 

of trophic niche partitioning has been shown to correlate with food availability (e.g. Van 

Snik et al. 1997).   

Stable carbon (δ13C) and nitrogen (δ15N) isotopes are routinely used to quantify 

consumer trophic niche (e.g. Post 2002, Blüthgen et al. 2003, Bearhop et al. 2004, 

Layman et al. 2007, Boecklen et al. 2011, Jackson et al. 2011, Layman et al. 2012, Shaner 

et al. 2013) and to test niche-related hypotheses (e.g. niche variation hypothesis, Hsu et 

al. 2014). One of the methodological benefits of isotope diet niche is that the same 
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dimensions (e.g. carbon, nitrogen) can be measured consistently and expressed in a 

standardized way across different species and communities, facilitating comparative 

studies at larger spatiotemporal scale. However, carbon and nitrogen isotope values of 

producers vary systematically across sites due to photosynthesis pathway (δ13C  = -34 to -

22‰ for C3 plants, -20 to -9‰ for C4 plants and CAM plants; O’Leary 1988, Gannes 

1997), weather conditions (e.g. Handley et al. 1999, Amundson et al. 2003), soil carbon 

dynamics and anthropogenic influences (e.g. Wang et al. 2007). Therefore, potential 

differences in mean and variance of producer isotope values should be carefully 

considered in multi-community studies.   

For comparing consumers’ mean trophic position (niche center) across sites, it is 

often sufficient to subtract site-specific, mean isotope values of producers from consumer 

values (e.g. Hsu et al. 2014). For comparing consumers’ trophic variation (niche width) 

across sites, on the other hand, some form of standardization is often applied, such as 

subtracting mean values of dietary sources from consumer values then dividing it by the 

range of the source values (e.g. Carty et al. 2016). While standardizing consumer values 

by dietary sources is in general a good practice for comparing consumer niche across 

communities, it does not reveal the relationship between available niche space and 

consumer niche metrics.  

Available trophic niche space ideally should be delineated with the isotope values 

of all available food items for a given consumer community. However, such data might 

be difficult to obtain in some cases, such as for generalist consumers. Furthermore, it 

might not be an efficient protocol to collect and analyze a large number of food items 

where their isotope values are similar and/or bounded. Given the predictable relationships 

in isotope value between producers and consumers via trophic fractionation (1-2‰ for 

δ13C and 2-5‰ for δ15N; DeNiro & Epstein 1978, DeNiro & Epstein 1981, Gannes et al. 

1997, Hobson & Bairlein 2003, Vanderklift & Ponsard 2003, Arneson et al. 2005, 

MacAvoy et al. 2005, Miller et al. 2008), the variation of producer (e.g. plants in 

terrestrial systems) isotope values might serve as effective proxies for available trophic 

niche space.  



3 

 

The goal of this study is to investigate the quantitative relationship between 

available trophic niche space (plant isotope niche size) and consumer niche size (small 

mammal niche size). I used isotope trophic niche of eight small mammal communities in 

Taiwan as the study system. Food resources are a key determinant of the fitness and 

population growth for many small mammals. Furthermore, small mammal communities 

typically are composed both diet generalists and specialists, allowing for dynamic 

patterns in niche overlap and niche packing. Therefore, small mammal communities are 

suitable systems for this study. I expect that: 1) consumer population niche size, 

particularly that of generalist species, will increase with plant niche size; 2) consumer 

community niche size will increase with plant niche size; 3) standardization of consumer 

isotope values by the range of plant isotope values could remove the relationships in 1) 

and 2).  

Methods 

Study system 

This study includes nine sites ranging from 1700-2900 m in the montane region of 

Taiwan (Table 1). The vegetation is primarily composed of mixed broadleaf-conifer 

forests at lower elevation sites and mixed dwarf bamboo-conifer forests at higher 

elevation sites. The rodent communities are dominated by five small mammal species, 

two murids (Apodemus semotus, Niviventer culturatus), two cricetids (Eothenomys 

melanogaster, Microtus kikuchii), and one shrew (Episoriculus fumidus). They represent 

three trophic groups: omnivore (A. semotus, N. culturatus, E. melanogaster; Lin & 

Shiraishi 1992, Gan 1995, Shaner et al. 2013), herbivore (M. kikuchii, a known specialist 

on dwarf bamboo; Chou 2014) and insectivore (E. fumidus).   

Tissue sampling 

The animal and plant issues were sampled primarily between 2015 and 2020. However, 

we also incorporated published data for one site (WL; Shaner et al. 2013), which has its 

sampling period between 2010-2012. The small mammals were live-trapped at each of 

the eight sites on at least two occasions in different seasons to improve the temporal 

representation of the trophic niche (Table 1). A hair sample was taken from each captured 

animal, which also served as a marking for us to avoid taking repeated samples from the 
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same individual within the same season. The foliar samples of common plant species 

were collected opportunistically at each site during small mammal trapping. Each hair or 

foliar sample was kept dry in a zip-lock bag until returned to the laboratory for further 

processing (see “Stable isotope analysis”). The animal trapping, handling and sampling 

procedures were approved by the ACUC at National Taiwan Normal University. The 

collection of animal and plant issues was approved by Yushan National Park, Taroko 

National Park, Shei-Pa National Park, Taiwan’s Forestry Bureau and local governments.  

Stable isotope analysis 

The plant samples were rinsed with distilled water, oven-dried at 55-60°C for 48-72 

hours, and grounded into find powder. Approximately 3 mg of plant foliar samples were 

loaded into tin capsules for isotope analysis. The hair samples were lipid-extracted in 2:1 

chloroform:methanol solution for 24 hours, rinsed with distilled water, and oven-dried at 

55-60°C for 48-72 hours. Approximately 1 mg of the hair tissues were loaded into tin 

capsules for isotope analysis. The isotopic compositions of the tissue samples were 

measured on a ThermoFinnigan Delta Plus Advantage Isotope Ratio Mass Spectrometer 

(Bremen, Germany).  

Data analysis 

We used a Bayesian approach to estimate niche metrics for plants and for consumers 

(small mammals at population and community levels) using SIAR package in R (Jackson 

et al. 2011; Parnell et al. 2013). Specifically, we calculated Bayesian standard ellipse 

areas (SEAB) for the studied communities and populations. SEAB are not affected by 

bias associated with the number of community members, therefore allowing comparisons 

among communities regardless of th number of components (Jackson et al. 2011). 

Overlap in niche among small mammal populations was measured with small sample 

size-corrected standard ellipse areas (SEAc). Isotopic niche overlap was first calculated 

for each pair of small mammal species and then averaged across all pairs to obtain 

community-level consumer niche overlap (e.g. Carty et al. 2016).  

Results 

Isotope niche size of consumers and plants  

Consumer niche size at community level (SEAb of small mammal communities) showed 
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a trend of increasing with plant niche size (SEAb of plants) with a marginal significance 

(F1,7 = 4.27, P = 0.08; Fig. 1a). Consumer niche size at population level increased with 

plant niche size for all consumer species (consumer species: F5,20 = 14.92, P < 0.0001; 

plant niche size: F1,20 = 4.41, P = 0.05; interaction: F4,20 = 0.48, P = 0.75; Fig. 1b). As 

expected, consumer niche size increased with isotope variation of basal resources. 

However, we did not find that the niche size of generalist species (e.g. A. semotus, N. 

niviventer, E. melanogaster) are more sensitive to isotope variation of basal resources 

than the specialist (e.g. M. kikuchii).  

Effects of standardization by basal resource variation 

Standardization by the range of plant isotope values did not remove the relationship 

between consumer niche size and plant niche size. In fact, it strengthened and reversed 

the relationship. Standardized consumer niche size at community decreased with plant 

niche size (F1,7 = 5.99, P = 0.04; Fig. 2a). Similarly, standardized consumer niche size at 

population level decreased with plant niche size for all consumer species (consumer 

species: F5,20 = 19.99, P < 0.0001; plant niche size: F1,20 = 16.72, P = 0.0006; interaction: 

F4,20 = 1.12, P = 0.37; Fig. 2b). The reversed relationships suggest that standardization of 

consumer isotope values could introduce a bias of underestimating consumer niche size at 

the sites where basal variation is large.  

Conclusion 

Isotope values are widely applied in ecological studies such as niche variation hypothesis 

and niche-based community assembly rules. However, much of the isotope dynamics in 

natural systems, from basal resources (e.g. plants) to consumers, remained unclear. For 

comparing niche metrics across sites with different background isotope space, some form 

of standardization is needed. Nevertheless, a simple scaling by basal resource variation 

might introduce unwanted bias. I suggest that both standardized and original values 

should be analyzed in future studies to produce a more robust conclusion.  
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Table 1. Study sites and biological communities sampled. 

Site 
Altitude 

(m)  
Small mammals (sample size) 

Range of sampling 

dates 

WL 1700 

Plants (28 species) 

Consumer (3 species): As (120), Ef (24), Em 

(68)  

2010/6/7-2012/12/11 

SU 1900 
Plants (25 species) 

Consumer (3 species): As (38), Em (11), Nc (11) 
2016/5/3-2016/12/18 

GW 2100 
Plants (19 species) 

Consumer (3 species): As (30), Em (17), Nc (24) 
2015/12/25-2016/10/18 

SY 2400 

Plants (12 species) 

Consumer (4 species): As (30), Ef (5), Em (14) 

Nc (17) 

2017/7/26-2017/11/21 

DD 2500 
Plants (10 species) 

Consumer (2 species): As (23), Nc (11) 
2018/4/14-2020/5/8 

DS 2500 
Plants (17 species) 

Consumer (2 species): As (30), Mk (6), Nc (17) 
2016/6/16-2018/6/30 

JD 2700 

Plants (11 species) 

Consumer (4 species): As (29), Ef (8), Mk (6) 

Nc (23) 

2017/9/5-2018/5/16 

TA 2700 

Plants (16 species) 

Consumer (4 species): As (30), Em (8), Mk (8) 

Nc (30) 

2016/2/20-2016/10/5 

HE 2900 

Plants (10 species) 

Consumer (4 species): As (31), Ef (15), Mk (15) 

Nc (15) 

2015/9/22-2016/10/14 
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Fig. 1. Relationships between small mammal niche size and plant niche size. Small 

mammal species are abbreviated as: Apodemus semotus (As), Espisoriculus fumidus (Ef), 

Eothenomys melanogaster (Em), Microtus kikuchii (Mk) and Niviventer culturatus (Nc). 

(a) Each circle represents the median SEAb of a small mammal community (all species 

combined), the solid line and shaded area represent the predicted mean and 95% CI of 

community-level consumer SEAb for a given plant SEAb; (b) Each circle represents the 

median SEAb of a small mammal population; the solid lines represent the predicted mean 

population-level consumer SEAb for a given plant SEAb. 
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Fig. 2. Relationships between standardized small mammal niche size and plant niche size. 

Small mammal species are abbreviated as: Apodemus semotus (As), Espisoriculus 

fumidus (Ef), Eothenomys melanogaster (Em), Microtus kikuchii (Mk) and Niviventer 

culturatus (Nc). (a) Each circle represents the median SEAb of a small mammal 

community (all species combined), the solid line and shaded area represent the predicted 

mean and 95% CI of community-level consumer SEAb for a given plant SEAb; (b) Each 

circle represents the median SEAb of a small mammal population; the solid lines 

represent the predicted mean population-level consumer SEAb for a given plant SEAb. 
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