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生物界における輸送ネットワークは, 環境変化に適
応する能力を持っている. 例えばアルゼンチンアリは, 
餌の濃度に応じて割り当てを調整し, 高濃度の餌によ
り多くのアリが向かうように行列を形成したことが実
験で確認された.
この実験結果から, 我々は「探索アリ」と「帰巣ア
リ」の存在を仮定し, 餌の濃度変化に適応するネット
ワークを構築する数理モデルを作成した.

・巣の周りに3つの餌を配置すると, アリは各餌に繋がる行列を形成した.
・餌の濃度を変化させると, 多くのアリが高濃度の餌に集まった.

RESULTS
Dynamic allocation of the foraging force
Although we were most interested in network remodelling, we first
needed to determine whether Argentine ants were even capable of
reallocating their foraging force following a change in food
concentration. We found that Argentine ant colonies in both the
clustered and sparse configurations successfully tracked changes in
feederconcentrationbyallocating significantlymore than33%of their
workforce to the highest concentration feeder during all 3 h of the
experiment (Figs 3 and 4; clustered: Wilcoxon signed-rank test: first
hour: P=0.003, second hour: P=0.009, third hour: P=0.047; sparse:
first hour: P=0.008, second hour: P=0.03, third hour: P=0.006).
Ants allocated a greater number of ants to the higher

concentration feeder than to the lower concentration feeder (first
hour: F1,58.6=46.9, P<0.0001; second hour: F1,57.9=53.7, P<0.0001;
third hour: F1,57.8=34.9, P<0.0001). Over the course of the
experiment, the total number of ants observed on all feeders
declined from amean 55.3 (±7.6) ants to 39.4 (±5.9) and 36.6 (±6.3)
in the second and third intervals, respectively (Fig. 3;
F2,232.2=11.63, P<0.0001). The number of ants on each feeder
was not affected by the time interval or feeder configuration (first
hour: F1,29.5=0.29, P<0.59; second hour: F1,28.7=0.54, P<0.46;
third hour: F1,27=0, P=0.99).

Response of trail network to changes in food concentration
Ants built more trails and more routes to the high
concentration feeder than to the low concentration feeders

(Fig. 5; trails: F1,24.5=13.8, P=0.002, estimate for high
concentration feeder=0.25±0.06; routes: F1,24.7=19.2,
P=0.002, estimate for high concentration feeder=1.2±0.12).
Ants built an average of 1.3±0.14 trails to the high quality
feeder compared with 0.83±0.12 to the low quality feeder.
Similarly, they built an average 1.5±0.16 routes to the high
quality feeder compared with 0.9±0.12 routes to the low
quality feeder. Feeder configuration had no significant effect
on the number of trails or the number of routes built to the
feeders (trails: F1,22.9=0.6, P=0.44, estimate for clustered
configuration=−0.09±0.11; routes: F1,22.9=0.45, P=0.50,
estimate for clustered configuration=−0.08±0.12).

Ants did not build wider trails to high concentration foods,
considered at either maximum or minimum width (maximum
width: F1,22.9=1.27, P=0.26, estimate for high concentration=0.08±
0.07; minimum: F1,23.1=2.58, P=0.12, estimate for high
concentration=−0.01±0.009). Feeder configuration did not have
an effect on the width of trails leading to feeders, in terms of either
maximum width or minimum width (maximum: F1,21.9=0.03,
P=0.85, estimate for clustered configuration=−0.002±0.11;
minimum: F1,23.4=0.76, P=0.38, estimate for clustered
configuration=−0.02±0.02).

Network development
The total number of trails in the arena declined from an average
4.2±0.37 in the first interval to 2.4±0.36 and 1.8±0.36 in the second
and third intervals, respectively; this pattern is consistent with a
pruning process (Fig. 6; F2,182.1=29.59, P<0.001). We visually
examined composites from each hour of the experiment and
determined whether new trails appeared. In all but four cases, the
final network was a subset of the initial network, supporting the
existence of a pruning process where trails are successively removed
from the network while new trails are rarely added. In all four cases
wherewe did observe new trails, the new trail connected the nest to a
high concentration feeder.
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Fig. 3. The number of ants on high and low concentration feeders.
(A) Clustered configuration (15 colony fragments). (B) Sparse configuration (14
colony fragments).
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Fig. 4. Change in the mean proportion of foragers feeding on the high
concentration feeder over the course of the experiment. Vertical dashed
lines showwhen feeder concentration was changed. Note that at the beginning
of each time interval (dashed lines), a new feeder became the ‘high
concentration’ feeder. The horizontal dashed line shows the expected
proportion (33%) if ants were distributing themselves randomly across the
three feeders. Error bars are s.e.m. Fifteen and 14 colony fragments were used
in the clustered and sparse treatments, respectively.
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DISCUSSION
Contrary to theoretical predictions, trail-laying Argentine ants were
able to rapidly track changes in their foraging environment so that
the majority of foragers were always allocated to the most rewarding
feeder. Ant colonies maximised access to high concentration
feeders by building additional trails and routes connecting the nest
to the feeder. The flexible architecture of the Argentine ant trail
network increases access, via additional trails and routes, to high
value resources. Interestingly, we saw no evidence that Argentine
ants adjust trail width, another potential method for increasing
traffic flow. Trail widening in response to heavy traffic has been
observed in the leaf cutter ant Atta colombica (Shepherd, 1982). In
contrast to Argentine ants, leaf cutter ants build physical trail
systems by clearing and removing vegetation from trails to create a
smoothed surface. In trail-clearing species, where new trails involve
labour-intensive work, simply widening a trail by a few centimetres

might be less costly than building an entirely new trail. In trail-
laying species like the Argentine ant, constructing a new trail is
likely to be metabolically ‘cheap’ and has the added benefit of
increasing network redundancy. Other ant species decrease traffic
congestion by segregating traffic into distinct lanes of travel
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Fig. 5. The number of trails and the number of routes leading to high and
low concentration feeders. (A) Mean number of trails leading to high and low
concentration feeders. (B) Mean number of routes leading to high and low
concentration feeders. Error bars are s.e.m. ‘Total’ trails included both partial
and complete trails, where any continuous, single-coloured region leading from
the nest to a food source was a ‘complete’ trail and any region that changed
colour part way through, indicating a small ‘break’ between ants, was a ‘partial’
trail. ‘Routes’ refers to all the possible trails an ant leaving the nest could take to
reach the focal feeder, including paths via other connected feeders. Note that
results from the clustered and sparse configuration have been pooled as no
significant difference was detected between them (N=29).
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Fig. 6. The development of a trail over the three time intervals. (A) The trail
system after 60 min (first interval). (B) The trail system after 120 min (second
interval). (C) The network after 180 min (third interval).
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アリによる行列
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Food Food
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（考察 1）探索アリと帰巣アリの存在を仮定することで, 餌の濃度変化に対応するアリの行列の再現に成功した.
（考察 2）パラメータ 𝑘 の値は, アリが環境変化に対応できるかどうかに関連すると考えられる.
（展望 1）餌の濃度と巣から餌までの距離の関係を数学的に解析する.
（展望 2）本モデルを交通網のような人間社会のネットワークに応用する.

＜変数＞
𝑃!" 	 : ノード 𝑖 からノード 𝑗 に移動する確率
𝑄!" : ノード 𝑖 からノード 𝑗 への流量
𝐷!" 	: エッジ 𝑖𝑗 上のフェロモン量 
𝑁!  : ノード 𝑖 上のアリの数
	𝑐#  : 餌 𝑙 の濃度

＜定数＞
	 𝑘	: フェロモンに対する反応度
𝐿!" 	: エッジ	𝑖𝑗 の長さ
  𝑓 : 餌の数
 𝑟 : 蒸発スピード
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＜記号＞
 𝑆  : 探索アリ
	𝐻# : 餌 𝑙 からの帰巣アリ
 𝐸! : ノード 𝑖 に隣接するエッジの集合
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提案モデル [2][3]

シミュレーション 1 シミュレーション 2

考察と今後の展望 
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複雑なネットワークに対してもシミュレーションを行った.
☞ 実験結果と同じように, 高濃度の餌にアリが集まる様子が再現
 できた.
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☞ 𝒌 = 𝟎. 𝟐	: 各辺のフェロモン量が周期的に変化した.
 𝒌 = 𝟎. 𝟏	: 多くのアリが Food 1 とFood 2 に集まった.

Food 1 → Food 2 → Food 3 の順で餌を高濃度に変化させ, 
各エッジ上のフェロモン量の時間変化を観察した.

・アリがノード 𝑖 からノード 𝑗 に移動する確率

探索アリ

帰巣アリ

・

・ノード 𝑖	からノード 𝑗 への流量

探索アリ

帰巣アリ

・エッジ 𝑖𝑗 上のフェロモン量の時間変化

探索アリ

帰巣アリ

・ 探索アリは帰巣アリの, 帰巣アリは探索アリのフェロモンに
 したがって移動する.

・ アリがエッジ上を通過すると, フェロモン量が増加する.
 同時に, 蒸発により一定の速度で減少する.

・ 餌の濃度が高いほど, 帰巣アリが放出するフェロモン
 が増加する.
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高濃度の餌に集まったアリの推移


