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True grit: ingestion of small stone particles 
by hummingbirds in West Mexico
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Abstract 

Background: Grit is used by birds mainly for grinding hard food items but can also serve a nutritional role as a source 
of minerals. Ingestion of grit by birds has been documented primarily in species that feed on seeds and invertebrates. 
Although feeding mainly on nectar and small arthropods, hummingbirds also ingest grit, but why they do so is 
unclear. We quantified the number of grit particles in the stomachs of six species of hummingbirds during an annual 
cycle in a seasonal ecosystem of West Mexico.

Methods: We compared the number of grit particles in the stomachs of different hummingbird species (Mexican 
Violetear Colibri thalassinus, Amethyst‑throated Mountaingem Lampornis amethystinus, White‑eared Hummingbird 
Basilinna leucotis, Rivoli’s Hummingbird Eugenes fulgens, Broad‑tailed Hummingbird Selasphorus platycercus, and 
Rufous Hummingbird S. rufus), and between sex and age categories during the different seasons of a year. To deter‑
mine if grit was used to grind ingested arthropods, we examined the relationships between the number of grit parti‑
cles, the biomass of arthropods ingested, and their chitin content.

Results: Although species did not differ in the number of grit particles in their stomachs, we found that grit was 
mostly ingested by female individuals, with only one male of one species (Mexican Violetear) presenting grit in its 
stomach. We also found that female hummingbirds had grit in their stomachs during the rainy and the cold‑dry 
season (June–February) but not during the warm‑dry season (March–May). Our analyses revealed no relationship 
between the number of grit particles and the amount of ingested arthropods and arthropod chitin content. However, 
high grit consumption was related to wasp ingestion on Mexican Violetears.

Conclusions: Our results indicate that grit is used mainly by female hummingbirds. The seasonal variation in the 
ingestion of grit by female individuals suggests that it can be used to meet mineral requirements related to breed‑
ing; however, this topic needs further exploration. Additionally, the use of grit was proportionally higher in juvenile 
individuals, suggesting it is used for grinding arthropods during a period of fast development.
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Background
Grit, defined as small stones or tiny rock fragments, is 
ingested by many bird species to facilitate the mechanical 
grinding of ingested hard food items (Ziswiler and Farner 
1972; Brown 1976; Barrentine 1980; Bishton 1986; Gion-
friddo and Best 1999). However, grit can also serve as a 
source of minerals such as calcium (Sadler 1961; Harper 
1964; Korschgen 1964; Campbell and Leatherland 1983; 
Adam and des Lauriers 1998). Ingestion of grit by birds 
has also been found to be influenced by the hardness of 
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ingested food (Bird and Smith 1964; Mott et  al. 1972; 
Alonso 1985; Gionfriddo and Best 1996) and by changes 
in mineral requirements, particularly during egg produc-
tion and periods of accelerated growth (Harper 1963; 
Kopischke and Nelson 1966; Taylor 1970; Johnson and 
Barclay 1996; Reynolds 1997).

Although many different species of birds ingest grit, 
few research papers have documented the use of grit 
by hummingbirds. In these reports, different species of 
hummingbirds ingested materials such as wood ashes, 
lime dust, sand particles, and small rocks of different 
geological origins (Haverschmidt 1952; Verbeek 1971; 
des Lauriers 1994; Adam and des Lauriers 1998; Graves 
2007; Estades et al. 2008; Hickman et al. 2012; See Addi-
tional file  1: Table  S1  for details). Interestingly, most 
reports of grit ingestion by hummingbirds have been of 
females during the breeding season (Haverschmidt 1952; 
Verbeek 1971; des Lauriers 1994; Adam and des Lauri-
ers 1998; Graves 2007; Hickman et  al. 2012; Additional 
file  1: Table  S1). As a result, some authors have sug-
gested that female hummingbirds ingest mineral-rich 
grit to obtain calcium for eggshell production (Verbeek 
1971; des Lauriers 1994; Adam and des Lauriers 1998; 
Graves 2007; Estades et  al. 2008; Hickman et  al. 2012). 
However, female hummingbirds also consume more, and 
higher quality arthropods (e.g. spiders) during the breed-
ing season to provide protein for egg production and to 
provision nestlings (Hainsworth 1977; Montgomerie and 
Redsell 1980; Chavez-Ramirez and Down 1992; Stiles 
1995; Murphy 1996; Rico-Guevara 2008), so grit could 
also be used to aid in the mechanical digestion of these 
arthropods (Ziswiler and Farner 1972; Brown 1976; Bar-
rentine 1980; Bishton 1986; Gionfriddo and Best 1999).

Our objective was to quantify the number of grit parti-
cles in the stomachs of several species of hummingbirds 
and to explore the possible function of grit ingestion by 
hummingbirds. Specific objectives were to determine: 
(1) the extent to which hummingbirds ingest grit and 
how many grit particles are present in their stomachs, (2) 
if grit ingestion varies seasonally, (3) if there are differ-
ences in the use of grit by sex (females vs. males) and age 
classes (juveniles vs. adults), and (4) if there is a relation-
ship between the number of grit particles in humming-
bird stomachs, the quantity of arthropods ingested, and 
the chitin content of ingested arthropods.

Because the amount of arthropods ingested by hum-
mingbirds changes seasonally with the availability of 
food resources at our study site, we expected hum-
mingbirds to ingest more grit when they ingested more 
arthropods. In addition, because the number of grit par-
ticles increases in response to food hardness in other 
species of birds (Bird and Smith 1964; Mott et al. 1972; 
Alonso 1985; Gionfriddo and Best 1996), we expected 

that hummingbirds that consumed arthropods with 
greater chitin content would have more grit particles in 
their stomachs than those that feed on softer arthropods. 
Finally, because females ingest more arthropods than 
males during the breeding season to meet the higher 
nutritional and energy requirements of producing eggs 
and parental care (Hainsworth 1977; Montgomerie and 
Redsell 1980; Chavez-Ramirez and Down 1992; Stiles 
1995; Murphy 1996; Rico-Guevara 2008), we expected 
those female hummingbirds would have more grit parti-
cles in their stomachs than adult males.

Methods
Study site
Our study was conducted at the Nevado de Colima 
National Park (NCNP) in Jalisco, Mexico. Nevado de 
Colima is an inactive high-altitude volcano (4260 m a.s.l.) 
located at the western end of the Trans-Mexican Vol-
canic Belt (19° 33′ 45″–19° 30′ 40″ N, 103° 36′ 30″–103° 
37′ 30″ W; INEGI 2011). The climate in the region is 
highly seasonal (CONANP 2006, 2017). Our study site 
was located at 3194  m a.s.l. and consisted of subalpine 
scrublands (dominated by plants of the genus Salvia, 
Ribes, and Festuca), some scattered alders (Alnus) on 
exposed ridges, and pine and fir forests (Pinus and Abies) 
located in ravines (Schondube 2012). The most impor-
tant flowering plants that hummingbirds feed on include 
Salvia elegans, S. gesneriflora (Lamiaceae), Ribes ciliatum 
(Saxifragaceae), Senecio angulifolius (Asteraceae), and 
Penstemon roseus (Plantaginaceae) (Schondube 2012).

Fieldwork
We sampled hummingbirds three times over a one-year 
period. Our sampling corresponded with the three cli-
matic seasons in the region, including (1) a rainy season 
from June to October, (2) a cold-dry season from Novem-
ber to February, and (3) a warm-dry season from March 
to May (CONANP 2006, 2017). We selected this sam-
pling scheme because weather conditions and the availa-
bility of floral nectar and arthropods varied widely among 
these three seasons (CONANP 2006, 2017). We sampled 
during May and September 2016, and February 2017. 
During each sampling period, we captured humming-
birds using 10 mist-nets (12-m long, 24-mm mesh) for 
three consecutive days. Mist-nets were opened at sunrise 
and closed after 6  h. Net rounds were conducted every 
5 min. We located the mist-nets within a 2 ha area, and 
their location remained constant during the study. We 
identified all captured birds and recorded their age and 
sex using plumage characteristics and bill striations (Wil-
liamson 2001; Howell 2002; Russell et al. 2019). Addition-
ally, for the Mexican Violetear, the only species that did 
not present a clear sexual dimorphism in plumage at our 



Page 3 of 11Maya‑García et al. Avian Research           (2021) 12:62  

study site we used wing chord length and bill tip serra-
tions to determine their sex (Rico-Guevara et  al. 2019). 
Data on wing chord differences among sexes for this spe-
cies was obtained from a 30-year hummingbird banding 
program located in the same region. We define females as 
those individuals with a wing chord < 60 mm, and males 
as those individuals with a wing chord > 63 mm (Contre-
ras-Martínez personal communication).

Stomach content analysis
We obtained the stomachs of hummingbirds collected as 
part of an independent stable isotope project conducted 
at our study site (n = 6 in May 2016, n = 8 in September 
2016, and n = 37 in February 2017). That study collected 
blood, liver, pectoral muscle, and bones to extract col-
lagen, and allowed us to use the stomachs. The remain-
ing feathers, skulls, and tongues were deposited at the 
collection of the Functional Ecology Laboratory of IIES, 
UNAM. Samples were collected with permission from 
the Secretaría de Medio Ambiente y Recursos Naturales, 
Mexico (SGPA/DGGFS/712/2767/14). All collected birds 
were humanely euthanized by carefully placing their 
heads inside a small vial that contained a cotton ball 
soaked in isoflurane, following the guidelines to the use 
of wild birds in research (Fair et al. 2010), and their stom-
achs were placed in plastic vials with saline solution (0.8% 
NaCl) and frozen in liquid nitrogen until processed in 
the laboratory. The time between hummingbird capture 
in the nets and stomach freezing was less than 20  min. 
Because soft arthropods require 3–4  h to be digested 
completely by hummingbirds (Remsen et  al. 1986), this 
time frame allowed us to quantify stomach arthropod 
content at the moment of capture. The species sampled 
were: Mexican Violetear (Colibri thalassinus), Ame-
thyst-throated Mountaingem (Lampornis amethystinus), 
White-eared Hummingbird (Basilinna leucotis), Rivoli’s 
Hummingbird (Eugenes fulgens), Broad-tailed Humming-
bird (Selasphorus platycercus), and Rufous Hummingbird 
(S. rufus). The number of individuals collected at each 
season differed due to variation in capture rates among 
seasons, and due to restrictions on collecting permits 
(maximum of 10 individuals per species per season).

We analyzed hummingbird stomachs in the lab to 
determine the number of grit particles they contained. 
Stomachs were thawed and dissected, and their con-
tents removed. We quantified grit particles by care-
fully separating them from the arthropod remains in 
hummingbird stomachs using a stereoscopic micro-
scope (AmScope, 7–45 × binocular stereo zoom micro-
scope). We described the color and shape, and weighed 
and measured grit particles. To determine their size, 
we determined the grit area by taking a picture of each 
grit particle on top of a millimetric grid. Images were 

analyzed using ImageJ (National Institute of Health, 
NIH Version v1.32j). Because the role of grit as either a 
grinding agent or nutritional supplement depends upon 
its hardness and solubility in the digestive tract (Mein-
ertzhagen 1954; Myrberget et  al. 1975; Gionfriddo and 
Best 1999), we determined grit hardness. We did this by 
pressing each grit particle twice with fine-point reverse 
action tweezers. This kind of tweezer allowed us to gen-
erate a standard pressure on the grit particle and separate 
them into two hardness categories: hard (did not break) 
and soft (did break into smaller pieces).

Physical and chemical characterization of grit particles
We used scanning electron microscopy (SEM) and 
energy dispersive X-ray (EDX) spectroscopy (Tabletop 
Microscope Hitachi, Model TM3030Plus) to perform the 
physical and chemical characterization of the grit parti-
cles. Because soft grit broke into tiny particles, we were 
only able to analyze the hard grit particles. Of these, due 
to the limitations imposed by the method, we were able 
to analyze only the largest hard grit particles (diameter 
of 0.5–1  mm, n = 5). Analyses were carried out in the 
Microanalysis Laboratory of the Geophysics Institute, 
UNAM.

Ingested arthropod biomass and chitin content
We separated all arthropod remains into those that 
were identifiable (arthropods partially fragmented) and 
those that were not (very fragmented arthropods) using 
a stereoscopic microscope. We identified recognizable 
arthropods to the taxonomic level of order following Tri-
plehorn and Johnson (2005). To determine the biomass 
of ingested arthropods (g dry mass), we dried both iden-
tifiable and unidentifiable arthropod samples at room 
temperature for 3  h and then weighed them using an 
analytical balance (Ohaus Adventurer, capacity/readabil-
ity of 110 g × 0.001 g). Chitin content (percent dry mass) 
of the different identified arthropod orders was obtained 
from Rothman et al. (2014). We estimated the mean chi-
tin content of arthropods by averaging the percent chitin 
content of the different arthropod orders present.

Data analysis
We used different analyses to test our main hypotheses 
on the use of grit particles by hummingbirds. First, we 
compared the number of grit particles present in hum-
mingbird stomachs among species using a Kruskal–
Wallis test (Zar 1999). We used a non-parametric test 
because our data did not present a normal distribution. 
In view of the fact that we did not find grit particles in the 
stomachs of hummingbirds during the warm-dry season, 
and due to the small sample size of the rainy season, this 
analysis was limited to our data for the cold-dry season.
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Second, we used a generalized linear model (GLM) to 
assess whether the number of grit particles (response 
variable) varied among seasons, and between age and 
sex classes. In this model, we include season (warm-dry, 
rainy, and cold-dry seasons), age (adult and juvenile indi-
viduals), and sex (female and male individuals) as cat-
egorical explanatory variables. We select for this analysis 
the data of all 25 male and 21 female individuals sampled, 
excluding data from the 5 individuals whose sexes were 
unknown. Due to our small sample size, we created a 
0–1 binary response variable in which 0 represented the 
absence of grit and 1 represented the presence of grit, 
and fitted our model with a Binomial distribution and 
a logit link function. Additionally, we used the adjusted 
maximum likelihood estimator for reducing biases of the 
Binomial logistic regression parameters (following Firth 
1993).

Third, because the two response variables of arthro-
pod ingestion (i.e. the biomass of arthropods ingested 
and their chitin content) presented different distribu-
tions, we ran two GLMs with the number of grit parti-
cles as the explanatory variable, whereas the response 
variables differed. For GLM 1, we used the biomass of 
ingested arthropods (g dry mass) as the response variable 
and a normal distribution with an identity link function. 
For GLM 2, we used the chitin content of arthropods 
ingested by hummingbirds (percent dry mass) as the 
response variable, and a Poisson distribution with a Log 
link function. In both models, we only included the data 
from those individuals whose stomachs presented grit 
particles (n = 12 for GLM 1, and n = 8 for GLM 2; Addi-
tional file 1: Table S2).

Finally, we performed some tests to search for differ-
ences in the arthropod content and grit particles charac-
teristics between individuals of both sexes. Since we only 
had a male individual, we use the data of the females to 
construct a confidence interval to compare it against the 
male values using a one-sample t-test for those variables 
with normal distributions (number of grit particles and 
the biomass of ingested arthropods), and a Wilcoxon test 
for non-normal distributed data (size of grit particles; 
Sokal and Rohlf 1995). We conducted all analyses using 
JMP version 9.0 (SAS Institute Inc.). Values are provided 
as means ± SD.

Results
Characteristics of grit particles ingested by hummingbirds
Grit particles were of two types: crystal-like or opaque 
and non-crystalline. The average mass of grit particles 
was 0.057 ± 0.042  mg (n = 50). The average size of the 
larger flat side of ingested grit particles was 0.52 ± 0.38 
 mm2 (n = 50). We found that 70% of the grit particles 
did not break when pressed with the tip of the tweezers 

(classified as hard, all crystal-like), whereas the other 30% 
broke after the first or second pressing (classified as soft, 
mostly opaque, and non-crystalline particles, and a few 
crystal-like particles).

Examination of hard grit particles using both a stereo-
scopic and a scanning electron microscope revealed that 
they were black, angular to rounded, and very porous (i.e. 
with vesicles; Fig. 1). Additionally, spectroscopy analysis 
(EDX) revealed that grit particles had high concentra-
tions of oxygen and silicon (40.5 ± 5.8% and 20.5 ± 2.5% 
of total mass, respectively, mean ± SD, n = 5), and low 
levels of minerals such as calcium and sodium (< 10% of 
total mass; Table  1). Based on their physical character-
istics and chemical composition, hard grit particles ana-
lyzed were classified as volcanic glasses (Sosa-Ceballos 
personal communication). 

Use of grit particles by hummingbirds
We found that 12 of the 51 hummingbird stomachs ana-
lyzed (23.5%) presented grit particles. The majority of 
collected hummingbird species, including Mexican Vio-
letears, Amethyst-throated Mountaingems, White-eared 
Hummingbirds, Rivoli’s Hummingbirds, and Broad-
tailed Hummingbirds, had grit particles in their stomachs 
(Table  2). Only one species, the Rufous Hummingbird, 
did not present grit particles. From the birds that pre-
sented grit particles, 8 stomachs belonged to female 
hummingbirds and only one to a male individual. We 
were unable to determine the sex of the other 3 individu-
als that presented grit in their stomachs. The only male 
that presented grit in its stomach had a total of 61 parti-
cles, a number that was larger than the average number 
of grit particles found in the stomachs of female hum-
mingbirds (2.0 ± 0.75, n = 8). When we compared the 
mean value of the number of grit particles for females 
and the value of the only male, we found a significant 
difference (t8 =  − 220.8, P < 0.0001). Grit particles found 
inside the male’s stomach had similar color and shape to 
those present in the females. While grit particles in the 
male hummingbird tended to present larger areas than 
those found in the stomachs of females, this difference 
was not significant ( �2

1,71
 = 3.7, P = 0.053).

During the warm-dry season, we found no grit parti-
cles in hummingbird stomachs (Table 2; Fig. 2). Based 
on our binomial model, we found that the variation 
in the use of grit particles in hummingbird stomachs 
among the three seasons was not significant (Table 3). 
The percentage of individuals with grit in their stom-
achs varied among seasons: 50% (four of eight sam-
pled individuals) during the rainy season, 21.6% (eight 
of 37 sampled) during the cold-dry season, and 0% (0 
of 6 sampled) during the warm-dry season (Table  2; 
Fig.  2). The average number of grit particles found in 
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Fig. 1 Morphology of hard grit particles present in the stomachs of Mexican Violetears. All grit particles are presented at the same scale. Pictures 
were taken at 5 kV using a Hitachi TM3030

Table 1 Chemical composition of hard grit particles found in the stomachs of Mexican Violetears (average grit particle 
mass = 0.3 ± 0.1 mg, n = 5)

Elements are presented in order of importance. Elementary analyses were performed using energy dispersive X‑ray spectroscopy (EDX)

Element Percent of total mass (%) Mean ± SD

Grit 1 Grit 2 Grit 3 Grit 4 Grit 5

O 46 32.8 46.4 38.3 38.8 40.5 ± 5.8

Si 17.8 20.2 23.9 18.6 21.9 20.5 ± 2.5

C 15.3 0 13 0 11.3 7.9 ± 7.4

Al 8.1 5.1 6.5 1.1 6.8 5.5 ± 2.7

Cu 0 10.7 6.9 0 5.01 4.5 ± 4.6

Mg 0 3.4 0 13.1 0 3.3 ± 5.7

Ca 3 7.7 0 0.7 2.7 2.8 ± 3

Na 2.5 0 4.1 2 0 1.7 ± 1.7

Fe 4 0 0 0 0 0.8 ± 1.8

K 0 0 0 0 1 0.2 ± 0.5

Total 96.8 79.9 100 73.8 87.6 87.8 ± 11.3
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Table 2 Number of grit particles per stomach (mean ± SD for n > 1) of the different members of a hummingbird ensemble in a 
seasonal ecosystem of West Mexico

Season Individual Species Age Sex Grit particles per 
stomach

Mean number of grit particles 
per species per season ± SD

Warm‑dry 1 Amethyst‑throated Mountaingem Adult Female 0

2 White‑eared Hummingbird Adult Male 0

3 White‑eared Hummingbird Adult Male 0

4 White‑eared Hummingbird Adult Male 0

5 White‑eared Hummingbird Adult Male 0

6 Rivoli’s Hummingbird Adult Female 0

Rainy 7 Mexican Violetear Adult Female 2 2.5 ± 3.1 (n = 4)

8 Mexican Violetear Adult Unknown 7

9 Mexican Violetear Adult Unknown 0

10 Mexican Violetear Juvenile Unknown 1

11 Amethyst‑throated Mountaingem Adult Female 1

12 White‑eared Hummingbird Juvenile Female 0

13 Rivoli’s Hummingbird Adult Male 0

14 Rivoli’s Hummingbird Adult Female 0

Cold‑dry 15 Mexican Violetear Adult Male 0 11.3 ± 24.4 (n = 6)

16 Mexican Violetear Adult Male 61

17 Mexican Violetear Adult Female 2

18 Mexican Violetear Adult Unknown 0

19 Mexican Violetear Juvenile Male 0

20 Mexican Violetear Juvenile Unknown 5

21 Amethyst‑throated Mountaingem Adult Male 0

22 White‑eared Hummingbird Adult Male 0 0.2 ± 0.6 (n = 9)

23 White‑eared Hummingbird Adult Male 0

24 White‑eared Hummingbird Adult Male 0

25 White‑eared Hummingbird Adult Male 0

26 White‑eared Hummingbird Adult Male 0

27 White‑eared Hummingbird Adult Male 0

28 White‑eared Hummingbird Adult Female 2

29 White‑eared Hummingbird Juvenile Male 0

30 White‑eared Hummingbird Juvenile Male 0

31 Rivoli’s Hummingbird Adult Male 0 0.1 ± 0.3 (n = 8)

32 Rivoli’s Hummingbird Adult Male 0

33 Rivoli’s Hummingbird Adult Female 0

34 Rivoli’s Hummingbird Adult Female 0

35 Rivoli’s Hummingbird Adult Female 0

36 Rivoli’s Hummingbird Adult Female 1

37 Rivoli’s Hummingbird Adult Female 0

38 Rivoli’s Hummingbird Juvenile Male 0

39 Broad‑tailed Hummingbird Adult Male 0 0.8 ± 1.3 (n = 9)

40 Broad‑tailed Hummingbird Adult Male 0

41 Broad‑tailed Hummingbird Adult Female 0

42 Broad‑tailed Hummingbird Adult Female 0

43 Broad‑tailed Hummingbird Adult Female 3

44 Broad‑tailed Hummingbird Adult Female 0

45 Broad‑tailed Hummingbird Juvenile Male 0

46 Broad‑tailed Hummingbird Juvenile Female 3

47 Broad‑tailed Hummingbird Juvenile Female 2

48 Rufous Hummingbird Juvenile Male 0

49 Rufous Hummingbird Juvenile Male 0

50 Rufous Hummingbird Juvenile Female 0

51 Rufous Hummingbird Juvenile Female 0
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the stomachs of individuals that presented grit was 
2.7 ± 2.8 during the rainy season (n = 4; 2 females, 

and 2 unknown sex individuals) and 9.8 ± 20.6 during 
the cold-dry season (n = 8; 6 females, 1 male, and 1 
unknown sex individual; see Table 2).

We found no significant differences in the average 
number of grit particles per stomach among humming-
bird species within the cold-dry season (Kruskal–Wallis 
test, �2

3,32
 = 4.9, P = 0.2; Table 2; Fig. 2). However, during 

this season, Mexican Violetears had the highest aver-
age number of grit particles per stomach (11.3 ± 24.4, 
n = 6), and the highest percentage of individuals with 
grit in their stomachs (50%; Table 2; Fig. 2). Finally, our 
binomial model showed that the use of grit particles 
was higher in female hummingbirds when compared to 
males, while adult and juvenile individuals did not dif-
fer (Table 3).

Table 2 (continued)
Mean number of grit particles per species per season is only reported for species in which we had more than one individual of the same species presenting grit in 
each season

Fig. 2 Seasonal differences in the number of grit particles per stomach (mean ± SE when n > 1; black bars) and percentages of individuals with 
grit in their stomachs (gray bars) for all hummingbird species. During the warm‑dry season, no grit particles were present in the stomachs of 
hummingbirds. MeVi Mexican Violetear, AmMo Amethyst‑throated Mountaingem, WhHu White‑eared Hummingbird, RiHu Rivoli’s Hummingbird, 
BrHu Broad‑tailed Hummingbird, RuHu Rufous Hummingbird, and All All species sampled per season

Table 3 Results of the GLM evaluating the effects of season, 
sex, and age on the presence of grit particles in the stomachs of 
hummingbirds

Explanatory variable Estimate Standard error �
2

1
P-value

Intercept 1.85 0.78 10.39 0.001

Rainy season  − 0.68 0.87 1.10 0.290

Warm‑dry season 1.03 1.19 1.45 0.220

Female hummingbirds  − 1.06 0.46 8.63 0.003

Adult hummingbirds  − 0.14 0.46 1.68 0.190
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Relationship between the presence of grit particles 
and arthropod ingestion
The biomass of arthropods ingested by humming-
birds was not related to the number of grit particles in 
hummingbird stomachs (estimate = 0.00001, SE = 6.99 
 e−6, �2

1
 = 3.1, P = 0.07). Similarly, the chitin content of 

arthropods ingested by hummingbirds was not related 
to the number of grit particles present (estimate = 0.01, 
SE = 0.05, �2

1
 = 0.04, P = 0.8). The only male that pre-

sented grit had higher arthropod biomass in its stomach 
(0.0014 g dry mass) than the females (0.0006 ± 0.0004 g 
dry mass/stomach; t7 =  − 4.56, P < 0.0013). Data on 
the arthropods ingested by hummingbirds is shown on 
Table 4.

Discussion
All studies that have reported ingestion of grit by 
hummingbirds have found that only females ingested 
grit (Haverschmidt 1952; Verbeek 1971; des Lauriers 
1994; Adam and des Lauriers 1998; Graves 2007; Hick-
man et al. 2012). At our study site, we found that both 
female and male hummingbirds can ingest it. The use 
of grit particles was more frequent in females (eight 

of 21 sampled) than males (1 of 25 sampled). How-
ever, the only male that presented grit ingested a larger 
number of grit particles (61 particles) when compared 
to female individuals (2.0 ± 0.75, n = 8). Although the 
percentage of hummingbirds with grit particles in their 
stomachs was relatively low (23.5%, including all hum-
mingbirds sampled), our results suggest that the use of 
grit by hummingbirds is more common than previously 
thought. However, because of our small sample size, 
we were unable to determine how common is the use 
of grit by male hummingbirds and, as a result, the dif-
ferential use of grit by male and female hummingbirds 
requires additional study.

The use of grit by hummingbirds at our study site was 
seasonal, with grit in their stomachs being present only 
during the rainy and the cold-dry seasons. Because hum-
mingbirds at our study site breed during both the rainy 
and the cold-dry seasons, these results suggest a relation-
ship between ingestion of grit and hummingbird breed-
ing. Others have also reported that hummingbirds only 
ingest grit during their breeding season (Haverschmidt 
1952; Verbeek 1971; des Lauriers 1994; Adam and des 
Lauriers 1998; Graves 2007; Hickman et al. 2012).

Table 4 Biomass ingested and chitin content of different arthropod orders eaten by hummingbirds at our study site

Mean ± SD values of arthropod chitin content in the stomachs of hummingbirds were averaged when more than one order of arthropods was present. We were 
unable to identify the orders of arthropod remains ingested by Rivoli’s Hummingbirds in the rainy season. In this case, the chitin content of the sample was not 
determined

Season Species Ingested arthropods

Biomass (g dry mass) Orders Chitin 
content (% 
dry mass)

Warm‑dry Amethyst‑throated Mountaingem 0.001 Psocoptera 13.3

White‑eared Hummingbird 0.0019 ± 0.0007
(n = 4)

Araneae, Psocoptera, Diptera 13.2 ± 0.1
(n = 3)

Rivoli’s Hummingbird 0.0038 Hemiptera, Hymenoptera, Diptera 13.6 ± 2.7
(n = 3)

Rainy Mexican Violetear 0.0007 ± 0.0005
(n = 4)

Hemiptera, Psocoptera, Hymenoptera, Diptera 13.5 ± 2.2
(n = 4)

Amethyst‑throated Mountaingem 0.0006 Hemiptera, Diptera 12.2 ± 1.5
(n = 2)

White‑eared Hummingbird 0.0002 Diptera 13.3

Rivoli’s Hummingbird 0.0001 ± 0.00007
(n = 2)

Unidentifiable Unknown

Cold‑dry Mexican Violetear 0.0007 ± 0.0005
(n = 6)

Hemiptera, Psocoptera, Hymenoptera, Diptera 13.5 ± 2.2
(n = 4)

Amethyst‑throated Mountaingem 0.0006 Psocoptera 13.3

White‑eared Hummingbird 0.0005 ± 0.0003
(n = 9)

Psocoptera, Hymenoptera, Diptera 14.4 ± 1.8
(n = 3)

Rivoli’s Hummingbird 0.0015 ± 0.0008
(n = 8)

Hemiptera, Psocoptera, Hymenoptera, Diptera 13.5 ± 2.2
(n = 4)

Broad‑tailed Hummingbird 0.0007 ± 0.0004
(n = 9)

Hemiptera, Psocoptera, Hymenoptera, Diptera 13.5 ± 2.2
(n = 4)

Rufous Hummingbird 0.0004 ± 0.0001
(n = 4)

Hemiptera, Psocoptera, Hymenoptera, Diptera 13.5 ± 2.2
(n = 4)
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During the warm-dry season, no flowers were detected 
at our capture site (2  ha area) and two additional sur-
rounding areas we used to sample resource abundance 
located 2–4  km away from it (Maya-García and Schon-
dube, unpublished data). The hummingbirds survived in 
this season by ingesting more arthropods (0.002 ± 0.001 g 
dry mass/stomach; mean ± SD; Maya-García and Schon-
dube, unpublished data) than during the rainy and the 
cold-dry seasons (0.0005 ± 0.0004 and 0.0006 ± 0.0005 g 
dry mass/stomach, respectively) when several plant 
species were blooming, and nectar was abundant. This 
higher content of arthropods, while grit particles were 
absent from the hummingbird stomachs, suggests that 
the use of grit is not clearly linked to arthropod ingestion 
in the majority of the sampled species and that inges-
tion of grit particles could be associated with obtaining 
micronutrients as has been suggested previously (Ver-
beek 1971; des Lauriers 1994; Adam and des Lauriers 
1998; Graves 2007; Estades et  al. 2008; Hickman et  al. 
2012).

The proportion of individuals who presented grit in 
their stomachs was higher in juveniles (28.5%, four of 14 
sampled) than in adults (21.6%, 8 of 37 sampled), suggest-
ing that grit ingestion could be more important for juve-
niles. Grit ingestion by juveniles could possibly serve two 
complementary roles: (1) due to their high nutritional 
requirements, juveniles could use grit as a source of min-
erals to finish their skeleton development after leaving 
the nest (Harper 1963; Tilgar et  al. 2004; Reynolds and 
Perrins 2010); and (2) because arthropods are an impor-
tant source of protein for tissue growth, grit particles 
could also be used by juveniles to facilitate the mechani-
cal digestion of ingested prey.

The absence of significant relationships between the 
number of grit particles in hummingbird stomachs 
and the biomass of arthropods ingested by humming-
birds and ingested arthropod chitin content suggests, 
once again, that the primary role of grit ingestion is not 
related to arthropod mechanical grinding, and could be 
associated to obtaining minerals. However, due to the 
time passed between hummingbirds’ capture in the nets 
and the moment we excised and froze their stomachs 
(< 20  min), some of the soft-bodied arthropods could 
have been digested biasing our analysis. As a conse-
quence, our results should be considered with caution. 
Curiously, most hard  grit particles were  found in the 
stomachs of Mexican Violetear  hummingbirds, suggest-
ing that the use of grit to obtain minerals may be lim-
ited in this species. Nonetheless, we need to consider that 
soft grit particles break easily and could dissolve in the 
acidic stomach of hummingbirds, limiting our capacity to 
find them and quantify their use.

Although we found no differences among humming-
bird species in the number of grit particles ingested, 
Mexican Violetears ingested more grit particles than 
other species during both the rainy and the cold-dry sea-
sons, accounting for 90.4% of all hard particles present 
in hummingbird stomachs. Additionally, the only male 
hummingbird that presented grit particles, a Mexican 
Violetear captured during the cold-dry season, presented 
a surprisingly high quantity of 61 grit particles. This indi-
vidual accounted for 77.2% of all hard grit particles pre-
sent in Mexican Violetear hummingbird stomachs. These 
two results seem to be related to the arthropod inges-
tion patterns of this species. Mexican Violetears ingested 
more adult wasps (Hymenoptera) during the rainy and 
the cold-dry seasons than the other hummingbird spe-
cies (19.2% and 45.5% of total arthropods present in their 
stomachs in both seasons, respectively; Maya-García and 
Schondube, unpublished data). This ingestion of hyme-
nopterans is surprising because adult wasps have both 
low protein and high chitin content compared to other 
insect groups (Rothman et al. 2014).

Conclusions
Our results show that at the ensemble level, female hum-
mingbirds ingested grit particles during their breed-
ing season. This result suggests that ingested grit could 
have played a role as a supplement of some micronutri-
ents, such as calcium needed for eggshell production. 
Although calcium content in hard grit particles was low, 
we were unable to analyze the elemental content of the 
soft grit particles and, due to the softness of these par-
ticles, we could be underestimating their ingestion. As 
a result, more information on ingestion, assimilation, 
and elemental content of soft grit particles is needed. 
Finally, for both male and female Mexican Violetear 
hummingbirds, grit particles could have the additional 
role of facilitating the mechanical digestion of hard-
bodied arthropods. Our analyses offer new insights to 
understand the roles played by grit in several species of 
hummingbirds, complementing previously published 
anecdotal information (Additional file 1: Table S1).
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