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CASE STUDY: IRON IN BLACK RHINOCEROS DIETS: THE IMPACT OF PASTURE
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Abstract

Over the course of a year, serum ferritin and iron in a black rhinoceros (Diceros bicornis) increased
over time, despite a prescribed diet low in iron. To identify additional sources of iron intake,
vegetation in the enclosure was analyzed for iron content. Iron concentrations in enclosure samples
averaged 736 ppm, well in excess of maximum recommended total-diet concentrations of 300
ppm. The rhinoceros consumes pasture grass in the enclosure, which may be leading to high iron
intake and subsequent internal accumulation. We recommend that institutions holding iron-
sensitive rhinoceros species test any vegetation available to the animals, and not only prescribed
feeds.

Introduction

A 24-year-old male black rhinoceros (Diceros bicornis) was received into the Denver Zoo’s
collection in February 2016. Due to known concerns over iron overload disorder (IOD) in members
of this species under managed care, the animal’s iron status was monitored on a routine basis. A
review of the prescribed diet in October 2016 showed total-diet iron concentrations below the
recommended maximum; however, his serum ferritin and iron values continued to increase.
Because the animal’s enclosure was vacant for several months prior to his arrival, a large amount
of standing vegetation was available, and the animal readily grazed all areas of his enclosure once
given access. Thus, we investigated enclosure vegetation and soil as potential sources of excess
iron intake.

IOD is characterized by chronic accumulation of iron in the body leading to increased
morbidity, including compromised immune system, impaired antioxidant capacity, lethargy, liver
damage, and in rare cases, acute death (Dennis et al., 2007; Khan et al., 2007; Paglia and Radcliffe,
2000; Sullivan et al., 2016). In human-managed care, the disease prevails in the black and
Sumatran (Dicerorhinus sumatrensis) rhinoceros (Candra et al., 2012; Claus and Paglia, 2012;
Sullivan et al., 2016). Wild rhinoceroses, however, do not appear to suffer from IOD. Given the
current conservation status of rhinoceros populations (all species are vulnerable, near threatened,
or critically endangered), preventing and treating IOD to maintain healthy managed populations
has become increasingly important.

Materials & Methods

Analysis of the prescribed diet included manufacturer-reported nutrient concentrations in
commercial feeds (Mazuri Exotic Animal Nutrition, St. Louis, MO), USDA nutrient data for
produce (USDA Food Composition Database, Release 28, 2015), and laboratory analysis of Ficus
browse as well as local alfalfa and timothy hay (Dairy One, Inc. Forage Testing Laboratory, Ithaca,
New York). These values were used to mathematically calculate total-diet iron concentration using
Microsoft Excel. Diet review occurred in October 2016, with modifications to the diet immediately
following.
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Serum samples were collected as part of the animal’s initial quarantine examination in March
2016, and every 2 to 6 months thereafter as part of his routine clinical follow-up. Samples were
analyzed for complete cell count, serum biochemistry, serum iron, serum ferritin, and total iron
binding capacity and compared with published findings and recommendations (Candra et al., 2012;
Miller et al., 2016; Paglia and Radcliffe, 2000; Paglia and Tsu, 2012).

Grass in the black rhinoceros enclosure was sampled in November 2016 and again in June
2017. At the November sampling period, 2 replicate samples were collected from the upper and
lower section of the enclosure, respectively, and replicate samples were averaged together.
Samples from leaves and seed pods that fall into his enclosure were also collected during the
November collection period. During the June sampling period, grass samples were also collected
from several other enclosures in the zoo, again with 2 replicates per enclosure, to assess institution-
wide variation in pasture nutrient composition. Grass and leaf samples were dried for 24h at 100°C
in a gravity convection oven (Thermo Scientific Heratherm OGS60 Lab Oven) and then sent to a
commercial laboratory (Dairy One, Inc. Forage Testing Laboratory, Ithaca, New York) for
proximate and mineral analysis.

Enclosure soil was also sampled during the November sampling period from three distinct
locations in the black rhinoceros yard. Samples were sent to a laboratory (Colorado State
University Soil, Water, and Plant Testing Laboratory, Fort Collins, CO 80523) for mineral
analysis.

Results & Discussion

The total prescribed diet fed from March to October 2016 provided 163.2 ppm iron. Following
diet review and modification, dietary iron concentration fell slightly to 161.4 ppm (Table 1). These
values do exceed the recommended range of 50-100 ppm; however, they fall well below the
maximum recommended limit of 300 ppm iron in the diet (Clauss et al., 2012). Although alfalfa
hay has been identified as a potential contributor of iron to commercial feeds and ad-libitum
consumption (Koutsos et al., 2016), the Colorado-grown alfalfa provided to the animal between
March and October 2016 contained only 142 ppm iron.

Despite seemingly low dietary concentrations, serum ferritin and iron concentrations continued

to rise (Figure 1), from initial values of 455 ng/mL and 162 ug/dL, respectively, in March 2016,

to 1559 ng/mL and 279 ug/dL, respectively in February 2017. Serum transferrin saturation

( e Ton , ) increased from 44% in March 2016 to 82% in February 2017 (Figure
total iron binding capacity

2). Additionally, serum concentrations in April 2017 fell to 1125 ng/mL ferritin and 243 ug/dL
iron with 71% transferrin saturation.

The winter of 2016-2017 was warm in Denver, particularly in February, with temperatures
between 60-80° F, allowing the animal greater outdoor access and time to graze. Temperatures in
April returned to more seasonable ranges (monthly average of 48°F), causing the animal to spend
more time indoors and resulting in pasture senescence. A rise in all values analyzed in February,
followed by a fall in these values in April, seems consistent with periods of time when the animal
spent more and less time grazing, respectively.

In addition to changes in iron status, serum ferritin can respond to systemic inflammation
(Biemond et al., 1984; Kalantar-Zadeh et al., 2004); thus total-health status is important to consider
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when interpreting the results of serum iron panels. This individual has a history of severe dental
tartar accumulation and oral eosinophilic granulomas, which could cause low-grade inflammation
(Pessier et al., 2004). However, these issues were present when the animal arrived at Denver. The
dental disease is stable, and the incidence of oral eosinophilic granulomas has been sporadic, with
no reported occurrences in February. Thus, it seems unlikely that changes in dental or oral health
caused the spike in serum ferritin in February 2017.

Analysis of exhibit vegetation sampled in November 2016 revealed iron concentration ranging
from 497 to 1,385 ppm iron (Table 2). Grass sampled from the rhinoceros enclosure in June 2017
contained even higher levels of iron at 2110 and 3020 ppm in the upper and lower yards,
respectively. Iron content in other pastures was dissimilar to that of the rhinoceros enclosure with
the exception of the bongo enclosure, which had an average iron content of 2855 (Table 2). The
analysis shows that high iron grass is not an institution-wide problem. The soil in these other
enclosures has not yet been analyzed.

Items consumed by black rhinoceroses in their native habitat average 82 ppm iron with a range
of 12 to 215 ppm, whereas the temperate browse, grass hay, and alfalfa hay often used in European
and North American institutions average 120, 180, and 129 ppm iron, respectively (Clauss and
Hatt, 2006). However, iron content in cultivated feeds can vary widely, reaching concentrations as
high as 2,599 ppm in some forage (Clauss et al., 2012). Helary et al. (2012) found that total-diet
iron for wild black rhinoceros ranged from 49.5 £ 10.9 to 175 £+ 31.5 ppm. In contrast, human-
provided diets average 374 + 224 ppm iron (Clauss et al., 2007a).

Enclosure substrate presents another potential source of iron ingestion, and soil composition
contributes in turn to standing pasture nutrient concentrations. However, the soil in this animal’s
enclosure contains an average of 8.33 + 5.01 ppm iron (Table 1), reported by the analyzing
laboratory as low to adequate for growth of temperate monocots. The lower exhibit yard, with the
highest soil iron concentration (14.1 ppm), also contained 2.5% organic matter, considered high in
comparison with most soils (<2%; fertile soil contains >2.8% organic matter; Petit, 2004). The
upper exhibit yard, which has a lower iron content in its grass, has what is considered a low amount
of organic matter (2.1%). Humus comprises 65-75% of organic matter (Petit, 2004), and plays an
important role in anion and cation exchange, including iron. Iron-humate complexes can be used
as a source of iron for plants and are actually used to treat iron-deficient vegetation. Some studies
suggest that iron-humate complexes can contribute to iron absorption when soil iron levels are low
(Varanini and Pinton, 2006). We suggest that increased organic matter in the lower yard may be
responsible for greater iron accumulation in growing pasture.

Plant leaves accumulate iron, with 80 to 90% stored in the chloroplasts. Along with roots,
leaves represent a major iron-storage reservoir for many plant species, including grasses, for which
the blade comprises a significant portion of the leaf and of the plant as a whole (Briat et al., 2006;
Terry & Abadia 1986). Wild, untreated Cynodon dactylon (scotch grass), for example, was found
to have iron levels ranging from 234 ppm in the leaves to 10,456 ppm iron in the roots (Franco et
al., 2013; Landschoot, 2007). When presented with excess iron, some grasses such as Setaria
parviflora (marsh bristlegrass) and Paspalum urvillei (Vasey’s grass), can accumulate iron at
levels above those considered critically toxic to plants. Although these species accumulate most
iron in the roots, shoots also displayed potentially phytotoxic iron concentrations (de Araujo,
2014). This pattern has also been noted in some rice-producing grass species (Dobermann, 2000;
Liu et al., 2008).
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Denver Zoo’s black rhinoceros exhibit contains a cool-season grass mixture of ryegrass,
orchardgrass, wheat, and brome. Cool-season grasses generally range from 50-150 ppm in iron
concentration, though this varies greatly depending on factors such as location, care, and water.
Although the iron concentration in this enclosure’s soil is considered low, cool-seasons grasses
only require >4 ppm iron; thus, current concentrations of 5 to 14 ppm are more than adequate for
these grass species. Given the aforementioned ability for some grasses to accumulate iron when
presented with soils in excess of their requirement, iron accumulation may likewise be possible in
the current situation (Mayland & Wilkinson, 1996). Denver Zoo’s rhinoceros pasture appears to
contain a perfect storm of grasses with a low iron requirement and soil with more than adequate
iron content and high organic matter. The grass species present in the other species’ enclosures is
under investigation, and we have not yet analyzed all parameters in those exhibits; however, it is
possible that the differences in iron content between the black rhino and other enclosures could
result from differing grass species.

It is important to note that we have not fully quantified all sources of dietary iron for this
animal. We have not yet analyzed all browse species fed, determined iron concentration in drinking
water, nor evaluated seasonal changes in exhibit pasture. Furthermore, dry-matter pasture
consumption and the animal’s time spent grazing have not yet been quantified, so we cannot yet
determine the exact degree to which standing forage in the enclosure impacts total-iron ingestion.
However, browse and water sources have been consistent year round, and pasture consumption (or
lack thereof) is the one variable identified to date which has changed over time.

Conclusion

Few clinical treatments for IOD exist. Application of iron chelators and phlebotomy, though
effective, burden time and financial resources, and can involve risks (Sullivan et al. 2015, Sullivan
etal., 2016). Arguably, the most practical (albeit difficult), solution for IOD incidence is to prevent
it altogether (Clauss and Paglia, 2012). Since diet can be a major contributor (Candra et al., 2012;
Clauss and Hatt, 2006; Helary et al., 2012; Ruetten et al., 2009), many institutions that care for
rhinoceroses provide low-iron diets, and multiple investigations have explored iron ingestion from
prescribed diets and water. However, few published studies have evaluated available vegetation in
enclosures. While some rhinoceroses are managed on dry lot, many have accessible planted grass,
trees, and shrubs.

Our analysis revealed high levels of iron in the vegetation accessible to Denver Zoo’s black
rhinoceros. The animal has been observed consuming this vegetation, and it is a possible source
of excess iron in his diet. Although this case study represents only one individual in one institution
over the course of one year, IOD has become a major concern for rhinoceroses under human care,
and, given the findings, we recommend that institutions with iron-sensitive rhinoceroses sample
any and all accessible vegetation as a potential source of iron ingestion.
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268 Figure 1. Ferritin, serum iron, and total iron binding capacity over time in a male
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273 Figure 2. Transferrin saturation over time in a male black rhinoceros
274 housed at Denver Zoo. {(Molenaar, 2008; Paglia & Dennis, 1999)
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Table 1. Prescribed diets fed to a male black rhinoceros at Denver Zoo.

% of diet, as fed

Ingredient Mar-Oct 2016 Oct 2016-present Iron Content (ppm)

Alfalfa Hay 25.08 0.00 142.00!

Timothy Hay 25.08 43.75 106.79!

Browser Rhino Diet 11.34 17.32 250.00?
Cube (5Z1P), Mazuri

Primate Browse Biscuit 0.19 0.21 433.322
(5MA4), Mazuri

Alfalfa Cubes, 4.82 4.20 403.312
Manzanola Feeds

Bananas, Raw 0.85 0.74 10.36°

Carrots, Raw 0.61 0.53 25.623

Apples, Raw, w/Skin 0.71 0.62 8.31°

Romaine Lettuce 6.74 5.88 179.96°

Ficus spp. 24.46 26.67 151.75"

Emcelle 0.02 0.02 0.00?

Biotin 0.03 0.00 0.00?

Phospha Neutral 250 mg 0.07 0.06 0.00%

U'Sampled on site; analyzed at Dairy One, Inc. Forage Testing Laboratory, Ithaca, New

York

2 From manufacturer information
3 USDA Food Composition Database, Release 28, 2015
276

Table 2. Average iron content of pasture and other vegetation throughout Denver Zoo

277

Average Iron n Sampling

Feed Item Content (ppm) Period Enclosure
Grass - Upper Yard 736 2 November 2016  Rhinoceros
Grass - Lower Yard 1,385 2 November 2016  Rhinoceros
Leaves-Populus (cottonwood) 497 1 November 2016  Rhinoceros
Leaves-Fraxinus (ash) 791 1 November 2016  Rhinoceros
Leaves-Ulmus (elm) 973 1 November 2016  Rhinoceros
Leaves-Celtis (nettle tree) 622 1 November 2016  Rhinoceros
Seed pods (species unknown) 147 I November 2016  Rhinoceros
Soil 8.33 3 November 2016  Rhinoceros
Grass - Upper Yard 2110 1 June 2017 Rhinoceros
Grass - Lower Yard 3020 1 June 2017 Rhinoceros
Grass 2855 2 June 2017 Bongo
Grass 265 2 June 2017 Gerenuk
Grass 243 2 June 2017 Kangaroo
Grass 261 2 June 2017 Kudu
Grass 192 2 June 2017 Okapi East
Grass 446 2 June 2017 Okapi West




