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       Abstract   
          
           utrient   harvesting   by   ruminants   grazing
            rangelands is threatened by droughts,

poor management and alien species. The
objectives of the study were to determine
nutrient composition and carbon sequestration
in the degraded semi-arid rangeland of the
South-western Free State. Approximately 420 ha
of rangeland grazed by beef cattle was stratified
into blocks based on Opuntia humifusa (creeping
prickly pear) density as either low density (LD)
with <2 cacti colonies/plot, moderate density
(MD) with 3–20 cacti colonies/plot and high
density (HD) with >20 cacti colonies/plot.
Species abundance and composition were
determined mid-summerusing the line transect
method, point survey method and random
quadrat surveys. Themeda triandra (red grass)
was present in low proportions in both LD and
MD, but absent in HD. Unpalatable shrubs,
disturbance indicators and intermediate grasses
dominated in the HD zone. The crude protein (CP),
fat, calcium and phosphorus content of flowering
herbaceous forages were low. The CP content of
Walafrida geniculata and Felicia muricata were
132 and 100 g/kg dry matter DM, respectively.
The nutrient composition of both Increaser and
Decreaser species was low, which indicated that
both forage quality and quantity limited
performance of ruminants grazing the south-
western Free State rangelands. The results

suggested that supplementary feeding should be
the norm throughout the year, but such a practice
is likely to put pressure on the system and make
it unsustainable. High levels of carbon
sequestration by the prickly pear suggest that the
creeper has a more important ecological function
and should not only be viewed as a threat as the
sinking of C influences soil organic matter and
micro fauna,  and could influence veld recovery
positively.
 

Introduction
 
Rangeland degradation is widespread in

Southern Africa and affects plant species
diversity and nutrient yield, allowing
opportunistic species to invade and dominate.
Opuntia spp. (prickly pear) is one of the fastest
invaders in semi-arid regions of the western Free
State, owing to its high metabolic efficiency for
space, water and nutrient utilisation. As
crassulacean acid metabolism (CAM) species
dominate, nutrient deficiencies are exacerbated.
Unpalatable dwarf shrubs and large colonies of
Opuntia are progressively dominating the
landscape. A shift in species composition alters
carbon sequestration and nutrient supply.
Although the South African National Biodiversity
Institute (SANBI) monitors ecological and
vegetation shifts of the South African biomes,
components such as fluctuations in forage
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quality and carbon sequestration on rangelands
colonized by succulents are limited. Effects of
invasive succulents on carbon stocks and soil
organic matter accumulation should be
recognized in view of low soil organic matter
content and the vulnerability of semi-arid areas
to climate change reflected in fluctuating rainfall
data. O. humifusa is a single species without
variety and grows in clumps up to 10 cm in height
(Abella and Jaeger 2004). It propagates through
vegetative means and seed, reaching maturity
at 6 to 8 years (Abella and Jaeger 2004).
 
The shallow root system and epidermis that

repels water and reflects sun light, increases
water utilization efficiency (Potter et al. 1984;
Tegegne 2001) In temperate climates flowering
occurs from May to July, however in warm Karoo
climate flowering is year-round (Wunderlin
1998). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O. humifusa may colonize the terrain through
animal excretion and detached cladodes. It is fair
to say O. humifusa is completely naturalized
under Nama Karoo climatic conditions. In poorly
managed rangelands and during periods of
drought, when the rangeland reaches its
nutritional bottleneck, O. humifusa becomes an
alternative feed source (Figure 1 and 2). The
cladodes can have a CP content as high as 100
g/kg of DM, however the plant have glochids on
the stems which causes severe blisters inside the
mouth of livestock which could be fatal.
 
The aim of the study was to determine the

distribution and nutritive value of palatable
grasses and shrubs and estimate carbon
sequestration in a semi-arid rangeland
dominated by O. humifusa.
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Figure 1 and 2: Grazing area invaded by O. humifusa dominated by chaemophytes and non-
invaded area dominated by hemicryptophytes.

Materials and methods
 
A rangeland of 420 ha under continuous grazing
by beef herds was selected (29°16’59’’S; 24°
59’1’’E). In 1980 the grazing capacity (GC) of the
rangeland was reported to be 15 ha/LSU, whilst
the most recent GC, following a continuous
grazing regime for the last 30 years, is reported
to be 17 ha/LSU. Within this area, O. humifusa 
colonies dominate the landscape, with large
colonies of 3-5 m in diameter present in the south
western region (120 ha) and density rogressively
declining eastward. Twelve plots (25 m x 25 m)
were marked and O. humifusa population was
assessed by counting large colonies within each

plot. Following counting, plots were defined as
eitherlow density (LD) with<2 cacti colonies/plot,
moderate density (MD) with 3–20 cacti colonies/
plot and high density (HD) with >20 cacti
colonies/plot. Three plots at each density were
then selected for assessment. The following
model by Curt et al. (2011) was fitted to estimate
cactus biomass weight in the nine plots: dry
weight = 0.0345 x L (cm) x W (cm) x D (cm). Carbon
stock was determined with the following model
assumption: cactus carbon is 10% of dry matter
(DM). Samples of O. humifusa leaves (new and
mature) were collected from all plants for organic
matter determination.



Species abundance was determined in the nine
plots along a 5 m transect using 1 m x 1 m quadrat
after every 5 m (du Toit 2011). Transect lines
were placed every 5 m within each 25 m x 25 m
plot. Herbage samples were collected for all
species within each quadrat. Samples of
palatable, intermediate grasses and palatable
shrubs, as described by Fouche et al. (2014) were
pooled for every five consecutive quadrats and
sub-sampled for analysis of CP, fat, neutral
detergent fibre (NDF), Ca and P. Samples were
dried in a conventional oven at 65oC for 72 h and
milled through a 1-mm screen. Sub-samples
were dried in a conventional oven at 100 oC for
24 h DM (AOAC 1995; method 930.15).  Neutral
detergent fiber (NDF) was determined  using the
ANKOM A200 . Filter Bag Technique (FBT)
(ANKOM Technology Corp, Macedon, NY) (Van
Soest et al. 1991). All assessments were done
during mid-summer of 2015. Characterisation of
plant species was done using descriptive
procedures in SAS (2013).  Chemical composition
was reported as means and standard deviations
and data on carbon stocks and sequestration was
subjected to one-way analysis of variance using
SAS (2013) procedures.

 
Results and discussion

 
Species abundance

 
The veld in this study falls within the

Koffiefontein rangeland described by Acocks
(1953) as False Arid Nama Karoo veld type. This
is a rangeland in gradual transition to most
neighbouring types, which consist of
predominately savannah and the  grassland
biomes.
 
There were no palatable grasses in HD,  whereas

Themeda triandra and Schmiditia
pappophoroides constituted 4% in MD and 18%
in LD. Proportions of intermediate grasses varied
(P< 0.01) across all densities. Intermediate
grasses (mostly Eragrostis and Heteropogons pp.) 
and disturbance indicators (Aristida, Chloris
virgata and Cynodon spp.) constituted 10 and
22% in HD, 18 and 35% in MD and 24 and 46%
in LD, respectively. Most common intermediate
grasses included E. chloromelas, E. obtuse, E.
superba, H. contortus, E. lehmanniana, and E.
Trichophora, which are important forage sources
in overgrazed pastures. Disturbance indicators

were A. adscensionis, A. congesta, A. stipatata, C.
virgata, C. hirstus, C. dactylon and palatable
shrubs included mostly Felicia muricata and
Walafrida geniculata. Unpalatable shrubs such as
Pentzia calcarea, P. globosa, Zygophyllum
incrustatum, Pteronia tricephala, Chrysocoma
ciliata, W. saxitilis, Thysium hystrix, Gnidia
tricephala, Asaparagus spp., Euryops
asaparagoides, Lycium spp. were noted. Pentzia
calcarea and P. globosa dominated in both the
MD and HD zones, with 15, 45 and 55 plants/plot
in the LD, MD and HD zones, respectively. Plant
species identified are within the important taxa
identified by Acocks (1953, 1988). However, the
high shrub density reported in this study, in the
heavily invaded O. humifusa zones (HD) also
echoed findings by Acocks (1953) who indicated
that there was shrub invasion in the Nama Karoo
biome and attributed the phenomena to heavy
grazing. In the current study, shrub dominance in
HD had a strong and positive correlation (r = 0.8)
with abundance of O. humifusa. Heavy grazing
and alien invasive species can all be factored as
disturbance regimes lamented by Acocks (1953).
The Koffiefontein rangeland that is not invaded,
low in O. humifusa densities and in some areas
that has moderate O. humifusa densities, is in
transition toward grassland biome. Low and
Rebelo (1996) described this state of rangeland
in Fake Arid Karoo as “dry facies of grassland
biome”. Mucina et al. (2006) noted that Nama
karoo and Karoo like biomes had chaemophytes
and hemicryptophytes as the most co-dominant
forms of life. However, in the Koffiefontein
rangelands the presence of succulent invasive
alien species offsets the report and findings of
Mucina et al. (2006).
 

Grass and shrub nutritive values
 

Table 1 presents mid-summer chemical
composition of common grass and shrubs in
Koffiefontein. Rangeland grasses in our study
were lower in nutrients compared with nutritive
with nutritive value reported by other
researchers in the same area (Boyazoglu, 1973).
Crude protein (CP) of grasses was low, fairly below
70 to 80 g/kg of DM required for rumen microbial
growth (Van Soest, 1994). Neutral detergent fibre
was 67.8 to 83.1% of DM in grasses and below
65% in shrubs. Crude protein of palatable shrubs
was 132 g/kg of DM (W. geniculata) and 100 g/kg
for F. muricata . The
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chemical composition of grasses and shrubs in
the Koffiefontein rangeland is of critical concern.
Milford and Minson (1968) reported a reduced
feed intake in sheep when fed a 7% CP diet,
further more Sollenberger and Vanzant (2011)
noted that forages of low nutritional quality
affected daily gain. Diets lower than 1.5%
nitrogen are deficient in amino acids and affect
appetite. Humphreys (1972) observed that
protein deficiency was common in tropical native
grasses due primarily to poor soil fertility. Ali et
al. (2011) reported a range of 1.7 to 5% CP in
cultivated tropical grasses (Cenchrus ciliaris,
Panicum antidotale, Penisetum purpureum and E.
superba) and Norton (1982) reported P and Ca
concentrations of 0.22% and 0.4%, respectively.
Grasses mature early and protein content rapidly
declines with plant growth (Heuzé 2017), as
structural carbohydrates increase and become
lignified (Van Soest 1994). The high NDF content
of grasses is associated with bulk and increased
rumen fill. Animals grazing forages high in NDF
are therefore limited bygut fill, small ruminants
have a limit of approximately 3% of body weight
daily. Mynhardt et al. (2016) reported that poor
quality forages do not stimulate optimum rumen
fermentation. Grass quality was very poor at the
end of summer, which necessitates extended
supplementation to sustain grazing herds.
Unfortunately, such feeding regimes can be
unsustainable within extensive livestock
production systems that have inherently low
offtakes. Supplementation is typical during dry
seasons, when forage supply is low and nutrient
levels are low. The limited choice in forage
species entails that grazers may have to shift to
alien cacti species and adapt to glochids, which
could cause gut injuries and ultimately
mortalities.

 
Carbon sequestration

 
Within the current study, the diameter of O.

humifusa colonies ranged from 100 to180 cm,
height was 25 to 35 cm and thickness of the
padswas between 0.5 and 1.0 cm. In HD, carbon
sequestration was higher (10.1 ± 2.3 g/plant)
(plant) (P< 0.001) than in MD (3.0± 2.3 g) and LD
(0.8 ± 0.43 g). Likewise, total carbon stocks were
the highest (P< 0.0001) for HD (1050 ± 122 g
carbon) compared with MD (199±87 g carbon)
and LD (24±16 g carbon).

 
Species mortality and the decline in proportions

of ephemerals, geophytes, C3 and C4 grasses and 
chamaephytes are high in overgrazed rangelands
and alien invasive species such as O. humifusa 
are common. Although Opuntia spp. seems to be
the major challenge in this rangeland, it is
important to review other ecological attributes
of the species. The high levels of carbon
sequestration and coverage of bare areas by large
colonies will influence soil fertility.
 

Conclusion
 
The low occurrence of palatable grasses and

pioneers, and the dominance of karoid shrubs,
indicated that the veld was in subclimax ad in
transition. Rangeland restoration occurs over
long periods when there are no interventions, in
severely degraded areas such as the Koffiefontein
rangeland, human intervention is essential. There
is evidence that invasive species have a negative
impact on rangeland productivity. It is however,
essential to assess how invasive species
influence other ecological components such as
micro-climates, soil organic matter and fauna.
This highlights the need to improve carrying
capacity of natural veld.
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  Abstract  
       

             ncreasingly human population and climate
         change threaten rural livelihoods in semi-

arid rangelands of south-eastern Limpopo
province. As the human population increases, so
does the stock numbers, and additional pressure
from exotic dairy breeds could exacerbate loss
of palatable annual species. The reverse is true
that introduction of exotic breeds could
alleviate grazing pressure as farmers are shifting
to dryland forage banks in support of the exotic
breeds, the indigenous animals benefit
peripherally from residue forage and seed
dispersal.
 
 The objective of the study was to characterize

grass species composition in a communal area
rangeland, evaluate forage nutrient supply and
performance of grazing dairy cattle. The
communal grazing areas are degraded – with a
very low proportion of palatable grasses and
indigenous herbaceous legumes were
insignificant. Aristida congesta dominated,
Cyanodon dactlyon and Eragrostis lehmanniana
were relatively abundant and bare patches were
notable. Body condition score (BCS) of
primiparous dairy cows grazing the communal

area pasture was low; at calving BCS ranging
between 2.0 and 2.5 at calving and remained low
through early lactation. Milk yield averaged 8.9
L/cow/day at peak and milk urea nitrogen was
between 9.0 and 18 mg/dL. Sekhukhune
communal area pastures are severely degraded
and hence animal performance is mostly
affected by low nutrientsupply. Alternative
forage diets are critical to improve nutrient
utilization and performance of dairy cattle
grazing communal area pastures in Sekhukhune
district.
 

Introduction
 
The Sekhukhune communal area grazing lands

are degraded. Ecological shifts associated with
grazing pressure and climate change are natural
phenomena that influence livestock turnover on
natural pastures. Recent introduction of small
sized dairy breeds such as the Jersey,on
communal area pastures, will certainly increase
grazing pressure on the fragile ecosystems.
Tainton (1999) described Sekhukhune district as
eastern mid-bushveld with carrying capacity of
6–15 LSU/ha, with increaser grasses
(Heteropogon contortus and Eragrostis
lehmaniana and Hyparrhenia hirta) 

I
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dominating the pastures. However, communal
area management of grazing lands is a complex
matter influenced by land tenure, population
growth, resource availability, urbanization of
rural areas and climate change among others. The
Forest and Veld Conservation Act (Act 13 of 1941),
the Conservation of Agricultural Resources Act,
(Act 43 of 1983) and the National Grazing Strategy
(1985) are critical policy instruments to achieve
and sustain the management of communal area
resources. The objective of the study was to
characterise grass species composition and
performance of dairy cattle foraging on natural
pastures in Sekhukhune district.
 

Materials and methods
 
Natural pasture assessment and performance of

grazing dairy herds
 
Species identification and abundance were

determined in three natural pastures shared
among three communal area wards of
Makhuduthamaga municipality. Large herds of
indigenous cattle, sheep, goats and a small herd
of Jersey cattle (less than 100) continuously graze
the pasture. Veld assessment was done in April
2016. The transect line method (Tidmarshand
Havenga 1955) was used. Nine plots of 100 m2 
were selected. Two transects of 100 m and 5 m
apart were marked within each plot. The wheel
point method (Roux 1963) was used to determine
species presence.
 
Performance of 22 primiparous Jersey cows that

calved between November and December 2015
were selected for the monitoring study. Cows
averaged 2.5 years old at first calving and were
offered between 4 and 6 kg of dairy concentrate
per animal daily depending on production level.
The feed was divided into AM and PM portions.
Hand milking of cows was done once in the
morning. Milk yield was recorded daily for 10
weeks. Separation of calves and dams was done
overnight. Cows grazed communal lands with
other ruminant livestock herds during the day.
Body weight, body condition score, blood glucose
and milk urea nitrogen were assessed from
calving to three months. All data was
characterized using descriptive procedures in SAS
(2013).
 
 

 Results and discussion
 

Grass species
 
Figure 1 illustrates the composition of grasses in

a communal area pasture in Sekhukhune district.
Decreaser species were low (3.1%), Increaser
grasses IIa and IIb represented 38.2%, Increaser
IIc represented 40.3%, forbs were low (4.5%), and
indigenous legumes (1.9%) were insignificant
(Figure 1). There are five classes of grasses:
decreaser/reducers, increaser I, increaser II,
increaser III and invader species. The insignificant
presence of Decreaser species is due to their very
sensitivity to poor veld management such as the
over-grazed conditions of the communal lands in
the area (Acocks 1988; Palmer and Ainsle 2005).
Digitaria eriantha (common finger grass),
Schmiditia pappophoroides, Brachiaria
nigropedata (black footed signal grass), and
Themeda triandra (red grass) are common
palatable species in southern Africa. Isolated
plants of Themeda were detected but
proportionally insignificant to other palatable
species. Increaser I grasses proliferate when the
veld is under-utilized and increaser IIa have a
higher presence in lightly overgrazed areas.
Increaser IIb and IIc dominate overgrazed
pastures. Aristida congesta var. congesta (tassel
awn grass) is an increaser IIc species. It was the
most dominant species, followed by Cynodon
dactylon (couch grass) and Eragrostis
lehmanniana. The later grasses are palatable.
Hyparrhenia hirta (thatching grass) was sparsely
distributed. Animals graze Hyparrhenia when the
grass is immature but it rapidly lignifies with
maturity. Other species reported include
Heteropogon contortus (Increaser IIa),
Bothriochloa insculpta, Aristida adscensionis,
Senecio microglossus, Eragrostis gummiflua and
Elionurus muticus. Van Wyk (2001), Siebert et al.
(2002) and Victor et al. (2005) reported that
Sekhukhune land was degraded, but had pockets
of undisturbed areas with diverse grass species.
Golluscio and Sala (1993) reported that
retrogressive succession occurs in overgrazed
areas; fewer species become dominant and
provide ecosystem services. The most dominant
species, A. congesta (Figure 1) is hardy, grows on
poor soils and is of poor value to livestock. Ellery
et al. (1995) and Cowling and Richardson (1997)
noted that excessive overgrazing affects species
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Figure 1: Species composition in Makhuduthamaga communal grazing lands of Sekhukhune
district
 

composition.
 
Clearly, poor veld condition was the first limiting

factor to animal performance in Sekhukhune
communal areas. The south-eastern region of
Sekhukhune district hosts the large herds of beef
cattle (52 000 – 55 000), sheep (11 000 – 12
000), and goats (40 000 – 45 000) on natural
pasture. Dairy cattle are few but add to grazing
pressure on degraded communal lands. Dairy
cattle farming is a relatively new venture in
Limpopo communal areas. The communal area
dairy businesses are facilitated projects “the
village dairy value chain” aligned to South
Africa’s national strategic goals of food and
income security, transformation of the dairy milk
industry and rural economic and industrial
development. The communal area pastures
(mostly grass) and crop residues provide
roughage for dairy cattle but constitute the sole
diets of beef cattle and small ruminants. Dairy
cattle are preferential supplemented though at
low levels to stimulate milk production.
Supplementation is however, dependent on
resource availability.
 

Dairy cattle performance
 
Body condition score (BCS) of the primiparous

dairy cows in Sekhukhune ranged between 2.0
(thin cow) and 2.5 (moderate) at calving (Figure
2), which indicates inadequate nutrition in late
pregnancy. Approximately 50% of the cows were
thin during the first month of calving. The
lactation profiles were flat with a mean daily milk
yield of 8.9 L/cow, as also noted by Grobler et al.
(2008). Early lactation MUN ranged between 9.0
and 18 mg/dL, most cows were above 14 mg/dL.
Milk response to concentrate feed was however,
favourable (1.6 L/kg) given this was an extensive
grazing system.
 
Low BCSs are normal in early lactation as cows

have a higher nutrient demand for milk
production but lower feed intake due to gut
limitations associated with high foetal growth in
late pregnancy. Bauman and Currie (1980) stated
that it is normal for dairy cows to mobilize
adipose tissue in early lactation because energy
demand for milk production exceeds supply.
High milk producing cows can tolerate energy



 deficits of 4 to 6 Mcal/d for about three weeks
postpartum (NRC 2001). The energy balance
becomes positive, three to four months post-
calving, as cows replenish body reserves in
preparation for the next lactation. Body condition
scores were still low 10 weeks post-partum,
which has negative implications on future
performance of the grazing dairy cows. Rapid loss
of body condition pre-disposes cows to severe
metabolic stress and low milk yield (NRC 2001).
In the present study, cows produced an average
milk yield of 8.9 L/d. Nherera (2006) also reported
that dairy cows on smallholder farms calved when
body condition was low, produced low milk (8 L/
d) and did not persist in lactation. The MUN was
rather high for the level of milk production (NRC
1989), which suggests an inefficient use of dietary
nitrogen or shortage of energy supply (Jonker et
al. 1998; Kohn 2002; Nousiainen et al. 2004). The
intake of low quality forage or rather inadequate
intake from natural pasture most likely affected
nutrient utilization efficiency. Farmers noted that
dairy cattle grazedin open spaces around
homesteads and farmers did not graze them
beyond 1 km, as did the indigenous animals. The
daily concentrate portion was therefore the main
source of food, scavenging the veld and streets
added to energy demand. Iwaasa et al. (2014)

reported that forage composition, availability and
utilization by the animal affects profitability of
ruminant livestock systems. Early summer rains
promote flushing in shrubs and new grass tillers
improving forage quality and nutrient supply to
animals.
 
Primiparous Jersey cows require 8–11 kg dry

matter feed intake per day. Since the concentrate
intake represented 50–65% in our study, at least
4 kg/day of good quality veld forage would supply
the balance of required nutrients. An estimated
daily forage harvest of 250–500kg/day from the
communal pastures is therefore required to
support the new herds of lactating dairy cows and
their followers. Establishment ofadaptable
forages (forage sorghum, cowpea, smuts finger
and Opuntia ficusindica) on fallow lands would
improve the carrying capacity in Sekhukhune
communal areas. Following this assessment, the
authors engaged the community in focus group
discussions. Smallholder farmers indicated that
establishment of adaptable forage crops on old
lands was a preferred strategy for mitigating
nutritional stress of their grazing cattle herds and
reducing pressure on the natural pasture.
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Figure 2: Change in milk yield, body weight (BW), body condition score (BCS) and plasma
glucose during the first 10 weeks after calving by Jersey cows in the Sekhukhune district.



Conclusion
 

Natural pasture condition affects livestock
turnovers from communal areas. The dominance
of increaser IIc indicates retrogressive succession
in communal area pastures, which has devastating
effects on ruminant herds in these semi-arid
zones. Competition for grazing among indigenous
herds and dairy cattle will further deplete valuable
palatable species, and exacerbate nutrient
imbalance in lactating dairy animals. The low
proportion of indigenous nitrogen fixing legumes
is alarming. The continued reduction in plant
diversity, dominance of unpalatable grasses and
alien species invasion due to mismanagement of
communal area natural resources are critical areas
and affect livestock offtakes.
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           laims  that “the science isn’t settled”   with
        regard to climate change are symptomatic

of a large body of ignorance about how science
works.
 
So what is the scientific method, and why do so

many people, sometimes including those trained
in science, get it so wrong?
 
The first thing to understand is that there is no

one method in science, no one way of doing
things. This is intimately connected with how we
reason in general.
 

 Science and reasoning
 

Humans have two primary modes of reasoning:
deduction and induction. When we reason
deductively, we tease out the implications of
information already available to us.
 
For example, if I tell you that Will is between the

ages of Cate and Abby, and that Abby is older than
Cate, you can deduce that Will must be older than
Cate.
 
That answer was embedded in the problem, you
just had to untangle it from what you already

 
knew. This is how Sudoku puzzles work.

Deduction is also the reasoning we use in
mathematics.
 
Inductive reasoning goes beyond the

information contained in what we already know
and can extend our knowledge into new areas.
We induce using generalisations and analogies.
 
Generalisations include observing regularities in

nature and imagining they are everywhere
uniform – this is, in part, how we create the so-
called laws of nature.
 
Generalisations also create classes of things,

such as “mammals” or “electrons”. We also
generalise to define aspects of human behaviour,
including psychological tendencies and
economic trends.
 

Analogies make claims of similarities between
two things, and extend this to make new
knowledge.
 
For example, if I find a fossilised skull of an extinct
animal that has sharp teeth, I might wonder what
it ate. I look for animals alive today that have sharp
teeth and notice they are carnivores.

C
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Reasoning by analogy, I conclude that the animal
was also a carnivore.
 
Using induction and inferring to the best

possible explanation consistent with the
evidence, science teaches us more about the
world than we could simply deduce.

 
 Science and uncertainty

 
Most of our theories or models are inductive
analogies with the world, or parts of it.
 
If inputs to my particular theory produce outputs
that match those of the real world, I consider it
a good analogy, and therefore a good theory. If
it doesn’t match, then I must reject it, or refine
or redesign the theory to make it more analogous.
 
If I get many results of the same kind over time
and space, I might generalise to a conclusion. But
no amount of success can prove me right. Each
confirming instance only increases my
confidence in my idea. As Albert Einstein
famously said:
No amount of experimentation can ever prove
me right; a single experiment can prove me
wrong.
 
Einstein’s general and special theories of
relativity (which are models and therefore
analogies of how he thought the universe works)
have been supported by experimental evidence
many times under many conditions.
 
We have great confidence in the theories as good
descriptions of reality. But they cannot be proved
correct, because proof is a creature that belongs
to deduction.
 

 The hypothetico-deductive method
 

Science also works deductively through the
hypothetico-deductive method.
 
It goes like this. I have a hypothesis or model that
predicts that X will occur under certain
experimental conditions. Experimentally, X does
not occur under those conditions. I can deduce,
therefore, that the theory is flawed (assuming,
of course, we trust the experimental conditions
that produced not-X).
 

Under these conditions, I have proved that my
hypothesis or model is incorrect (or at least
incomplete). I reasoned deductively to do so.
 
But if X does occur, that does not mean I am
correct, it just means that the experiment did not
show my idea to be false. I now have increased
confidence that I am correct, but I can’t be sure.
If one day experimental evidence that was
beyond doubt was to go against Einstein’s
predictions, we could deductively prove, through
the hypothetico-deductive method, that his
theories are incorrect or incomplete. But no
number of confirming instances can prove he is
right.
 
That an idea can be tested by experiment, that
there can be experimental outcomes (in
principle) that show the idea is incorrect, is what
makes it a scientific one, at least according to the
philosopher of science Karl Popper.
 
As an example of an untestable, and hence
unscientific position, take that held by Australian
climate denialist and One Nation Senator
Malcolm Roberts. Roberts maintains there is no
empirical evidence of human-induced climate
change.
 
When presented with authoritative evidence
during an episode of the ABC’S Q&A television
debating show recently, he claimed that the
evidence was corrupted.
 
Professor Brian Cox explains climate science to
senator Malcolm Roberts.
 
Yet his claim that human-induced climate change
is not occurring cannot be put to the test as he
would not accept any data showing him wrong.
He is therefore not acting scientifically. He is
indulging in pseudoscience.
 

Settled does not mean proved
 

One of the great errors in the public
understanding of science is to equate settled with
proved. While Einstein’s theories are “settled”,
they are not proved. But to plan for them not to
work would be utter folly.
 
As the philosopher John Dewey pointed out in
his book Logic: The Theory of Inquiry:
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In scientific inquiry, the criterion of what is taken

to be settled, or to be knowledge, is [of the
science] being so settled that it is available as a
resource in further inquiry; not being settled in
such a way as not to be subject to revision in
further inquiry.
 

Those who demand the science be “settled”
before we take action are seeking deductive
certainty where we are working inductively. And
there are other sources of confusion.
 
One is that simple statements about cause and
effect are rare since nature is complex. For
example, a theory might predict that X will cause
Y, but that Y will be mitigated by the presence of
Z and not occur at all if Q is above a critical level.
To reduce this to the simple statement “X causes
Y” is naive.
 
Another is that even though some broad ideas
may be settled, the details remain a source of
lively debate. For example, that evolution has
occurred is certainly settled by any rational

account. But some details of how natural selection
operates are still being fleshed out.
 
To confuse the details of natural selection with
the fact of evolution is highly analogous to
quibbles about dates and exact temperatures
from modelling and researching climate change
when it is very clear that the planet is warming in
general.
 
When our theories are successful at predicting
outcomes, and form a web of higher level theories
that are themselves successful, we have a strong
case for grounding our actions in them.
 
The mark of intelligence is to progress in an
uncertain world and the science of climate
change, of human health and of the ecology of
our planet has given us orders of magnitude more
confidence than we need to act with certitude.
 
Demanding deductive certainty before
committing to action does not make us strong, it
paralyses us.
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              eer review, or scientific refereeing, is the
              basis of the academic process. It’s a rigo-

rous evaluation that aims to ensure only work
which advances knowledge is published in a
scientific journal. Scientists must be able to trust
this system: if they see that something is peer
reviewed, it should be a hallmark of quality.
 
When the editor of scientific journal receives a

manuscript, they ask other another scientist – a
specialist in their field – to review it. The referee
is required to advise the editor whether the
manuscript should be published and to give
feedback to the authors.
 
The system is not flawless. There have been

instances of fraud and manipulation due to
refereeing, but these are – we hope – isolated
cases.
 
But there are much bigger systemic problems

associated with peer review. These are
negatively affecting scientific credibility. These
include the fact that, globally, it is hard to find
referees: reviewing a manuscript requires a lot

of time and minimal reward. Very few journals
pay referees, and most academics who act as
referees are doing so for free in their spare time.
 
On top of this those who do act as referees often

struggle to deliver on time. Worse still, their
reports are not always helpful to editors or
authors.
 
Some journals work actively to tackle these

issues, but more can be done to ensure that the
scientific refereeing system retains its integrity.
 

The challenges
 

Journal editors are frustrated about the dearth
of referees. In an open letter to the scientific
community, a group of editors wrote that,
despite: … so much weight [being] given to peer-
reviewed publication the essential “backroom”
tasks of editing journals and reviewing articles
are rarely acknowledged as aspects of academic
performance.
 
No wonder they’re worried: more than 1 million

research articles are published globally each 
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year. That requires a lot of referees. But finding
appropriate referees is just one part of the bigger
task facing editors.
 
Editors have to get referees to stick to the agreed

deadlines. That’s not easy: people tend not to
prioritise their review tasks since time spent on
their own research is more rewarding.
 
An experiment conducted with the Journal of

Public Economics based in Cambridge in the US
found that its referees are late with their reports
half of the time. There are also instances, across
journals, of referees simply never delivering
even though they’ve promised to do so.
 
In some disciplines, these problems have given

rise to a serious publication lag – the time
between when the manuscript arrives to the
actual publication. Over the past 30 years this
lag has nearly tripled in economics, from 11
months to just under 30 months.
 
It not only takes longer to disseminate ideas.

The publication lag also worsens the prospects
of young scientists who need publications to be
hired.
 
Another problem with the existing system is that

referee reports do not always adequately inform
the editor nor really suggest ways of
fundamentally improving the article.
 
It’s not just authors who complain about this:

journal editors do too. One explanation is that
referees may follow their own interests, which
are not necessarily those of the editor nor the
author.
 
All too often they try to impress editors by

making blemishes look like flaws. Economists
call this problem “signal jamming”. At worst it
may turn down innovative research.
 

 Possible changes
 
The good news is that journals are aware of these

problems, and are committed to tackling them.
 
Journals should develop and nurture a large

base of potential referees, constantly adding
new ones and retaining old ones. And these
referees need proper recognition. This could

involve simply thanking referees publicly, or
perhaps awarding prizes for good refereeing.
 
Journals should also consider paying referees.

The estimated value of unpaid referee time is as
much as £1.9 billion a year – it is clearly a service
that requires some financial reward.
 
Small changes help, too. Shorter deadlines

reduce turnaround time work referees often just
submit before the deadline. A public list of
referees’ turnaround encourages them to stay on
time, too.
 
Editors should also reject articles that are too

sloppy, rather than letting a referee improve
them.
 
Editors should also engage in “active editing”,

instructing the author to ignore referee requests
that are merely asking them to fix blemishes.
 
Editors should also pare down the demands on

referees, perhaps by asking them to separate
necessities from suggestions. The guiding
principle should be that the work is the author’s –
not the referee’s.
 

New approaches are being tested
 

Journals are already testing new approaches. For
instance, some require their editors to judge the
quality of a referee to weed out those people
who are simply unhelpful.
 
Elsevier, a major publisher, has launched a

platform which publicly lists referees and how
often they have written referee reports. A similar,
independent platform is Publons.
 
“Open peer review” is also growing in

popularity. Traditionally, reviewers remain
anonymous to guarantee an unbiased opinion.
Open peer review goes the opposite way: the
referee’s name and report are published together
with the article. Everyone can see who the referee
was, which is meant to encourage transparency.
Not everyone is convinced about this approach.
 
Another option is post-publication peer review,
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in which articles are open for comments all the
time from anyone. Sadly, internet trolls have
tainted this process for many scientists.
 
It is encouraging that the problems of peer
review are being debated and that new
approaches are being tested. The peer-review
process is very important and its challenges
must be taken seriously if academics are to keep
publishing quality articles that disseminate new
ideas.
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BOOK REVIEW
IMPROVING GOVERNANCE

OF PASTORAL LANDS
IMPLEMENTING THE VOLUNTARY GUIDELINES ON THE

RESPONSIBLE GOVERNANCE OF TENURE OF LAND, FISHERIES

AND FORESTS IN THE CONTEXT OF NATIONAL FOOD SECURITY
 J. DAVIES. P. HERRERA, J. RUIZ-MIRAZO, C. BATELLO, I. HANNAM, J. MOHAMED-

KATERERE
FAO GOVERNANCE OF TENURE TECHNICAL GUIDES

978-92-5-109292-7

          he  Technical  Guide on  Pastoralism  builds
           on a number of initiatives and studies from

recent years that have shone a light on pastoral
governance and land tenure: on the inherent
challenges pastoralists face, the shortcomings
of governments in securing pastoral tenure, and
the emerging examples of success and progress
from around the world. This Technical Guide
provides solutions to securing pastoral
governance and tenure without undermining the
inherent, necessary complexity of customary
arrangements. The solutions are within a rapidly
changing context, in which traditional practices
and crucial patterns of livestock mobility are
transforming. The technical guide on improving
the governance of pastoral lands is designed for
several audiences including government and
non-government actors. While most readers will
have a basic knowledge of pastoralism, many will
be unfamiliar with the great diversity of
pastoralist systems and cultures throughout the
world. The guide addresses those who recognize
the importance of securing pastoral land tenure
and who are looking for practical guidance on
how to proceed. The guide is, therefore, not an
advocacy document, but it provides arguments
in Section 1 for securing pastoral tenure that can
be used by different actors to strengthen their
justification for such work. While these
guidelines provide practical advice that can be
operationalized, further work will be required to
translate the current document into more local

user-friendly products for pastoral communities.
 
An interesting analysis but not one which is going

to arrest the degradation of rangelands (pg.13).
Not one mention of Allan Savory and his success
in reversing decline in grassland in Africa and
elsewhere. Is he 'persona non grata' in FAO
circles? Goals (pg. 7) should be headed by 1.
reversing the decline and improving productivity
of pastoral land. The goals listed by the report's
authors will only be feasible if and when pastoral
grazing is improved. Savory and others have
tested and used methods are known and tried.
The challenge is to get this information and
change adopted across the 500m global
pastoralists. Knowledge of the legal and social
background is an essential part. These can change
with time and circumstances. When grassland
becomes work out and unproductive the social
and legal rules will change. So when pastoral
improvement is shown to work so societal
changes are possible. This makes the social
aspects of this report so useful. The challenge is
integrating the legal and social systems in these
areas with the needed changes in grazing
practice. A difficult, but not impossible task.
Getting the attention and support of graziers is
the first step.
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