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We thank the anonymous referee for reviewing our manuscript. The stimulating com-
ments are very welcome, and the suggestions for improvement will be implemented
upon revision as far as possible. Detailed responses to the individual comments are
given below.

Referee Comment 1:

In most of the regions of the world the BSC’s (biological soil crusts) are presented by
mixed compositions of organisms. The composition varies along the rainfall gradient.
In low rainfall regimes (less than 70 mm rainfall) the BSC is a thin (1-2 mm), presented
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by cyanobacterial crust (mainly filamentous that is the first and main colonizers of the
soil surface in undisturbed soils of semiarid and arid lands, and do not fix nitrogen).

Response:

As demonstrated by the numerous studies referenced in Table 9 of our manuscript,
nitrogen fixation by BSC has been observed and quantified for lichen- as well as
cyanobacteria-dominated crusts. In the revised manuscript further references shall
be added. The available data show that cyanobacteria in biological crusts do indeed
fix nitrogen. In fact, their capability to fix nitrogen and carbon from the atmosphere in an
oxidizing environment enables them to be the pioneering organisms colonizing harsh
environments (Fogg, 1947; Shields and Drouet, 1962; Yeager et al., 2004; Housman
et al., 2006; Gorbushina, 2007; Schmidt et al., 2008).

Referee Comment 2:

It is very rare that the BSC covers one hundred percent of the soil surface. The BSC
is one component composing patchiness in dry landscapes of the world. The percent
cover change with the rainfall. The BSC cover can change from about 80% in the dry
areas to zero in wet semiarid areas (450 mm rainfall) (see Belnap and Lange, 2001,
and the literature in www.soilcrust.org). The authors made general assumptions, which
are not obvious and should be discussed in more detail, especially why and how they
made them. The growth and the percent cover of the BSC is affected by soil surface
moisture quantity and duration related to rainfall and dew regimes, temperature and
light intensity. Therefore, it is very hard and complicated to generalize about the dura-
tion of the BSC activity. For these reasons I have some doubt on the assumptions and
conclusions reached which need additional clarifications. My main concern is with the
lack of explanation for the calculations. The authors should reveal some reported val-
ues and the recalculation formula used, with assumptions made (e.g. area coverage).
The estimations that they provide are not obvious, and the appendices do not help. For
example, the scale-up of the 4 kg ha−1y−1 to all semi/ and arid environments. I think
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that if the authors make a clearer statement of the scale-up methods (suggestion- they
may use satellite data for world BSC coverage) and address the above issues, it would
improve the paper.

Response:

Following up on the above comment and suggestions, we intend to add the following
information in the methods section of the revised manuscript.

Unless mentioned otherwise, the tabulated data were taken directly from the cited ref-
erences. In these studies the scaling necessary to account for limitations of photosyn-
thetic activity, dark respiration and surface coverage has already been performed by
the authors. For studies that had reported only maximal photosynthesis rates under
optimal conditions (usually given in units of µmol m-2 s-1), we converted the reported
rates into units of g m-2 a-1 (Tab. 1 and 3, column 4), and scaled these values by a
factor of 1/72 which takes into account the following effects and characteristic parame-
ters obtained from various studies (Lange, 2000; Zotz and Rottenberger, 2001; Lange,
2003; Lange and Green, 2004; Lange and Green, 2008):

1) The photosynthetic activity is usually limited to about one third of the maximal value
(factor 1

3 ) and about one quarter of a day (factor 1
4 ).

2) Approximately half of the fixed carbon is lost by dark respiration (factor 1
2 ).

3) About one third of the surfaces of (semi-)arid soils and rocks (Tab. 10) and of vas-
cular plants (evergreen leaves, evergreen needles, and stems and branches of trees,
Tab. 6) are typically covered by BSC, BRC or EPC, respectively (factor 1

3 ).

Reported rates from studies that had already accounted for partial surface coverage but
not for the limitations of photosynthetic activity and dark respiration were scaled with
a factor of 1/24 (Tab. 1). Reported rates from studies that had already accounted for
dark respiration and partial surface coverage but not for the limitations of photosynthetic
activity were scaled with a factor of 1/12 (Tab. 1). Reported rates from studies that had
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already accounted for the limitations of photosynthetic activity and dark respiration but
not for partial surface coverage were scaled with a factor of 1/3 (Tab. 1).

In addition to the more detailed explanation in the methods section, we have refor-
matted several of the tables and included a detailed record of applied scaling factors
together with explanatory footnotes.

With regard to the land surface coverage of BSC and BRC, an additional table with
literature data will be included in the revised manuscript (Table 10). These data support
the assumption of an effective average BSC coverage of ∼1/3 in (semi)arid regions as
a conservative estimate. The available information is, however, not sufficient to resolve
the global coverage of land surfaces by BSC on the level of ecosystems and regions
but represents a best guess.

We agree that the use of satellite data for the determination of BSC coverage is a
promising future perspective (Qin et al., 2006; Weber et al., 2008) Unfortunately, how-
ever, the available methods are not accurate enough, respectively do not allow an
uncontrolled transfer to various geographic regions (Weber et al., 2008) leaving them
as a promising future perspective.
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