Modelling the aboveground productivity in Cantabrian mountain
grassland: the effect of available moisture and grazing
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Introduction.

The sustainable development of grazing systems in Cantabrian Mountains will be affected by global climate change. Experts have been
predicted an increase in evapotranspiration and hence decrease in available moisture (AM), unless balanced by increasing precipitation. Since AM is a key
factor affecting plant growth, and thus influences on aboveground primary productivity (APP) of grasslands, models for predicting changes are needed.

Where? Aralar Natural Park is a 11.000 Ha
reserve located in the Basque Country (Northern
Spain) that supports livestock managed in an
extensive grazing system. Mean annual temperature
is 12,4ºC, and mean annual precipitation more than
1.400 mm. One of the most important for livestock
maintainance is Jasiono-Danthonietum grassland,
which is dominated by Festuca gr. rubra and
Agrostis capillaris. This area has been traditionally
used by livestock (beef cattle, dairy sheep and
horses) from May to the end of October.

How? In 2005, four experimental sites were chosen into Jasiono-Danthonietum grassland between
820 and 1250 m of altitude. In each site, a permanent fenced plot of 50 x 50 m was erected for
excluding livestock (‘ungrazed’ or ‘control’ treatment). We determined the effect of grazers on grassland
production in three grazing periods (from May to October in 2006-2008).
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How to calculate APP into ungrazed (U) and grazed (G) conditions?
APP(U)=∑C0+(Cn+1-Cn)
APP(G)=∑J0+(Jn-Pn-1)

Results.

APP increased exponentially with
AM, even more under ungrazed conditions. Our
model indicated that all predictors (except grazing
period) explained a significant part of the variability
of APP (Deviance: 0.68; Table 1): monthly AM
was the best predictor that explained 50% of the
total variability, following by the interaction (14%)
and grazing (4%).
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The sequential use of temporary cages allowed us to
calculated APP under grazing conditions. Monthly, 1m2
quadrats were clipped inside permanent fenced plots,
temporary exclosures and grazing plots simultaneously.
Before clipping, the percentage of live and dead plant
biomass were visually estimated in each quadrat. Monthly
APP was defined as a statistically significant (α=0.05)
increment in standing crop of live biomass inside
temporary exclosures (n = 3-4). Monthly APP in ungrazed
grassland was determined as a statistically significant
increment in standing crop of live biomass in randomly
located 1m2 quadrats (n=3) inside permanent fences.
Available moisture (AM) was defined as precipitation (P)
minus potential evapotranspiration (PET, Thornthwaite),
i.e. AM = P - PET. Meteorological data from two
monitoring stations were used for calculating monthly AM.
Generalized linear model was used to explore
relationships between APP (response variable) and
monthly AM, grazing and its interaction (predictors).
Grazing period was included in the model as a nested
factor within treatment.

Table 1. Deviance partitioning of Generalized Linear Model for predicting APP.
NULL
Monthly AM
Treatment
Monthly AM*Treatment

Model

Df

Deviance

1
1
1

52581
4218
14535

Residual Df
33
32
31
30

Residual Deviance
104199
51618
47400
32865

Table 2. Equation estimates and their significances calculated by Generalized
Linear Model for predicting APP.
Intercept
Monthly AM
Grazing
Monthly AM* grazing
(a) We

Estimate
70.1185
1.0696
-22.4230
-0.7371

Std. Error
8.0276
0.1431
11.3527
0.2024

t value
8.735
7.475
-1.975
-3.643

P
0.000 ***
0.000 ***
0.05752 (a)
0.001 **

considered 0.05< <0.1 significance level as a tendency (a negative trend in this case).

Conclusions.

These findings suggest that grazing, at the current stocking rates, is strongly influencing on the floristic composition of grassland, facilitating
or promoting the growth of less productive species, whereas ungrazed grassland develops a taller canopy with a large amount of standing crop. Although low
available moisture inhibits plant growth in both grazed and ungrazed conditions, this negative effect (reduction of APP) is relatively lower in less productive species,
which in addition could be more efficient using poorly available water. However, when available moisture is high, more productive species could encourage its
growing potentiality, resulting on a greater APP.
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